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Introduction
The purpose of this email discussion is to share views on the sPDSCH/sPUSCH design for sTTI operation, mainly focuses on TBS scaling, single CW, DL DMRS pattern, configuration of transmission modes, fallback transmission scheme, resource allocation, UL DMRS details, UCI/HARQ ACK mapping on sPUSCH.
In this contribution, the discussions are summarized based on companies’ inputs, which are attached in this document [1].
sPDSCH design
For reference, RAN1agreements related to sPDSCH design are copied below.
	Related agreements related to sPDSCH design:

	Agreements:
Both CRS based TMs and DMRS based TMs are supported for DL sPDSCH transmission. 
No change for CRS definition is envisioned. 
For a CRS based sTTI transmission scheme the maximum number of supported layers is 4.
For a DM-RS based sTTI transmission scheme the number of supported layers for 
· 2/3 symbols sTTI is at least 2 (FFS: 4 layers)
· 1-slot sTTI is up to 4
A UE is expected to handle the following cases in the same carrier in a subframe: 
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH
· For DL transmission for sTTI
· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.
· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.
Note: For 2 symbol sTTI design TM8 is not supported in this WI
Resource allocation type 1for sPDSCH is not supported
The sPRGsize for 2/3ossPDSCHis N (sPRG of N RBs)
· FFS: N is the same for all system BW or is system BW specific
· Down-select N from [2, 3, 4 and 6]
[bookmark: _Hlk491429249]Working assumption:
A single codeword is used for sPDSCH independent on the number of layers




	Related agreements related to DL DMRS:

	Agreements:
· For up to 2 layers sPDSCH in one sTTI, each layer maps to one different DL DMRS port, and each DMRS port has OCC-2 in time domain to support code division multiplexing.
· The DL DMRS pattern is fixed for 2-layer 2/3-symbol sPDSCH.
· Down-selected between option 1, 2, 3.
· Option 1: X = 3, N = 1
· Option 2: X = 2, N = 1
· Option 3: N > 1, X=2N+1 or X=2N 
· N is the number of RBs. X subcarriers per N RB(s)
· DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3-symbol sPDSCH.
· Sharing across subframes is not supported
· FFS: Sharing across slots
· FFS: 3 consecutive sTTIs
· DL DMRS RE shift in frequency domain is supported when colliding with CRS RE.
In the 1-slot for normal subframes and sTTI#0, at least one pair of symbols carry sPDSCH DMRS and the pair of symbols is selected among the following options:
· Op 1: 3-4 
· Op 2: 5-6 (legacy DMRS position) 
· Op 3: 2-3 if CFI=1,2 and 3-4 if CFI=3 (2OS-sTTI#1)
In the 1-slot for normal subframes and sTTI#1, at least one pair of sPDSCH DMRS is supported and can be placed in symbols
· Op 1: 10-11
· Op 2: 12-13 (legacy DMRS position)
· Op 3: 9-10 (2OS-sTTI#4)



Resource allocation and sRBG size
10 companies provided inputs to Q1:
Question 1: Is resource allocation type 0 supported in scheduling of sPDSCH? Please provide your reason(s) for your answer.
Based on the inputs, all 10 companies prefer to support resource allocation type 0. Therefore, the following proposal is made:
Proposal 1: Resource allocation type 0 indicating non-contiguous sRBGs with bitmap is supported for sPDSCH scheduling.

10 companies provided inputs to Q2:
Question 2: Is resource allocation type 2 supported in scheduling of sPDSCH? Please provide your reason(s) for your answer.
Based on the inputs,
· 9 companies prefer to support resource allocation type 2 due to scheduling flexibility, smaller granularity, signaling overhead, multiplexing between PDSCH/sPDSCH.
· 1 company prefer not to support RA type 2 due to large sDCI payload size if scheduling granularity is RB.
Considering that at least the granularity in scheduled RB length in RA type 2 can be increased compared to RBG size, the concern on RA type 2 can be resolved. Combined with discussion in Q4, the following proposal is made:
Proposal 2: Resource allocation type 2 indicating contiguous resource units is supported for sPDSCH scheduling, FFS the resource unit is RB, RBG or sRBG.

10 companies provided inputs to Q3:
Question 3: What options ofthe resource allocation granularities (sRBG) for 2/3-OS and 1-slotsPDSCH? Please provide your reason(s) and details (such as the value of Q) for your answer.
· Option 1: The RBG size for sTTI equals to legacy RBG size multiplied by a factor Q.
· Option 2: Other methods.
Based on the inputs,
· 3 companies prefers option 1 with Q values [2, 3] for RA type 0 and option 2 for RA type 2.
· 7 companies prefers option 1 with Q values in [2, 3, 6] for 2/3-OS and [2, 3] for 1-slot
Based on the inputs to Q2 and Q3, the following proposal is made based on majority: 
Proposal 3: The RBG size for sTTI equals to legacy RBG size multiplied by a factor Q, with Q down-selected from [2, 3, 6] for 2/3-OS and [2, 3] for 1-slot sPDSCH.

10 companies provide inputs to Q4,
Question 4: If your answer for Q2 is yes, then is the starting positions are aligned with or can be not aligned with sRBG in Q3? If it can be not, then what is the granularity for starting positions?
Based on the inputs,
· 5 companies prefer that the starting position is aligned with RB.
· 1 company prefer that the starting position is aligned with RBG size.
· 4 companies prefer that the starting position is aligned with sRBG size.
As the opinions are diverse, we have the following observation:
Observation 1: The granularity of starting position for RA type 2 of sPDSCH needs further study.
CW
10 companies provide inputs to Q5,
Question 5: Is the working assumption on single codeword for sPDSCH confirmed or not? Please provide your reason(s).
Based on the inputs,
· 5 companies prefer to confirm the working assumption considering the signaling overhead, HARQ-ACK feedback load.
· 5 companies prefer to not confirm the working assumption considering the sPDSCH performance.
Based on the discussions, the following proposal is made to move forward:
Proposal 4: Confirm the working assumption that single codeword for sPDSCH is supported.
DL DMRS pattern and sPRG size
10 companies provide inputs to Q6,
Question 6: For 2/3-symbol sPDSCH, what is the maximum number of supported layers? Please provide your reason(s) for your answer.
Based on the inputs,
· 6 companies prefer 2 considering the DMRS overhead for 2/3-OS sPDSCH.
· 4 companies prefer 4 considering that higher throughput, scheduling flexibility while the DMRS overhead can be resolved by DMRS sharing.
Based on the majority view, the following proposal is made:
Proposal 5: For 2/3-symbol sPDSCH, the maximum number of supported layers is 2.

10 companies provide inputs to Q7,
Question 7: For 3-symbol sPDSCH, what is the time-domain position for DL DMRS? Please provide your reason(s) for your answer.
Based on the inputs,
· 5 companies prefer the last two symbols considering the multiplexing with sPDCCH, align with legacy DMRS.
· 1 company prefers the last two symbols if TDM between CRS sPDCCH and DMRS sPDSCH is supported, otherwise the first two symbols for earlier channel estimation and decoding.
· 1 company prefers the first two symbols for 3-OS sTTI#1, and the last two symbols for other cases.
· 3 companies prefer the first two symbols for UE processing delay.
Based on the diverse discussions, as the DMRS position may depend on multiplexing between CRS based sPDCCH and DMRS based sPDSCH, the following observation is made:
Observation 2: The time-domain position for DL DMRS of 3-symbol sPDSCH  needs further study.

10 companies provide inputs to Q8,
Question 8: Which option is supported for DMRS of 2/3-symbol sPDSCH with up to 2 layers? Please provide the detailed pattern for your choice.
· Option 1: X = 3, N = 1
· Option 2: X = 2, N = 1
· Option 3: N > 1, X=2N+1 or X=2N
· WhereN is the number of RBs. X is number of subcarriers per N RB(s)
Based on the inputs,
· 5 companies prefer option 2.
· 4 companies prefer option 3
· 1 company prefer option 1 for maximum number of layers as 2, and option 2 or 3 for maximum number of layers as 4.
Based on the diverse preference based on performance of different scenarios, the following observation is made:
Observation 3: The DMRS pattern for 2/3-symbol sPDSCH up to 2 layers  needs further study.

6 companies provide inputs to Q9,
Question 9: If your answer to Q6 is larger than 2, based on your choice of Q8, what is the DMRS pattern to support 2/3-symbol sPDSCH with larger than 2 layers?
Based on the inputs,
· 1 company confirms their preference on 2 in Q6.
· 3 companies prefer double pair in frequency domain
· 1 company prefer double pair in time domain
As the maximum number of layers in proposal 5 is 2, the DMRS pattern for 4 layers needs not be discussed currently.

10 companies provide inputs to Q10,
Question 10: For DMRS of 2/3-symbol sPDSCH, which option is supported in sTTI containing CRS?
· Option 1: Re-use the frequency shift of CRS, where the frequency shift is given by[image: ]
· Option 2: DMRS RE is shifted to the next or to the previous RE when colliding with CRS
· Option 3: Others. (Please provide details of your solution)
Based on the inputs,
· 6 companies prefer option 2
· 4 companies prefer option 1
Based on the majority view, the following proposal is made:
Proposal 6: For 2/3-symbol sPDSCH, DMRS RE is shifted to the next or to the previous RE when colliding with CRS.

10 companies provide inputs to Q11,
Question 11: For DMRS of 2/3-symbol sPDSCH, is it necessary to avoid collision with CSI-RS? If yes, how to avoid the collision with CSI-RS?
Based on the inputs,
· 7 companies support eNB configuration to avoid collision between DMRS and CSI-RS
· 3 companies support DMRS RE shift to avoid the collision
Based on the majority view, the following proposal is made:
Proposal 7: For 2/3-symbol sPDSCH, the collision between DMRS and CSI-RS is handled by eNB configuration without spec impacts.

10 companies provide inputs to Q12,
Question 12: For DMRS of 2/3-symbol sPDSCH, is the DMRS sharing across slots supported or not? Please provide reason(s) for your answer.
Based on the inputs,
· 8 companies prefer DMRS sharing across slots for flexible scheduling
· 2 companies prefer to not support DMRS sharing across slots
Based on the majority view, the following proposal is made:
Proposal 8: For DMRS of 2/3-symbol sPDSCH, the DMRS sharing across slots is supported.

10 companies provide inputs to Q13,
Question 13: For DMRS of 2/3-symbol sPDSCH, is the DMRS sharing among 3 consecutive sTTIs supported or not? Please provide reason(s) for your answer.
Based on the inputs,
· 6 companies prefer to not support DMRS sharing among 3 consecutive sTTIs, considereing the channel estimation performance, UE buffering cost.
· 4 companies prefer to support DMRS sharing among 3 consecutive sTTIs, considering the performance in some scenarios, DMRS overhead reduction.
Based on the majority view, the following proposal is made:
Proposal 9: For DMRS of 2/3-symbol sPDSCH, the DMRS sharing among 3 consecutive sTTIs is not supported

10 companies provide inputs to Q14,
Question 14: For 1-slot sPDSCH, what is the maximum number of supported layers? Please provide your reason(s) for your answer.
Based on the inputs, all companies prefer to support 4 layers in TM 9/10, therefore, the following proposal is made:
Proposal 10: For DMRS of 1-slot sPDSCH, up to 4 layers transmission is supported for TM 9/10 and up to 2 layers transmission is supported for TM 8.

10 companies provide inputs to Q15,
Question 15: For the first 1-slot sPDSCH in subframe, which option of time domain position is supported for 1 pair DMRS? Please provide your reason(s) for your choice.
· Option 1:symbol #3 and #4 
· Option 2: symbol #5 and #6 (legacy DMRS position) 
· Option 3: symbol #2 and #3 if CFI=1,2 and symbol #3 and #4 if CFI=3 (2OS-sTTI#1)
· Option 4: none of the above.
Based on the inputs,
· 6 companies prefer option 3 considering MU-MIMO between slot/sub-slot UEs, better performance with vehicular speeds, UE processing delay and collision between DMRS and CRS.
· 2 companies prefer option 2 considering less specification efforts and inter-cell interference estimation.
· 1 company prefers option 2 for simplicity, and can accept option 3 for reduced processing time and fallback to option 2 to avoid collision between DMRS and CSI-RS.
· 1 company prefer option 4 that DMRS pairs are put in OFDM symbols #3,#4,#5,#6 for better performance in high Doppler channel.
Based on the majority view, the following proposal is made:
Proposal 11: For the first 1-slot sPDSCH in subframe, at least one pair of DMRS are placed in OFDM symbols #2 and #3 if CFI=1 or 2, and symbols #3 and #4 if CFI=3.

10 companies provide inputs to Q16,
Question 16: For the second 1-slot sPDSCH in subframe, which option of time domain position is supported for 1 pair DMRS? Please provide your reason(s) for your choice.
· Option 1: symbol #10 and #11
· Option 2: symbol #12 and #13 (legacy DMRS position) 
· Option 3: symbol #9 and #10 (2OS-sTTI#4)
· Option 4: None of the above.
Based on the inputs,
· 6 companies prefer option 3 considering MU-MIMO between slot/sub-slot UEs, better performance with vehicular speeds, UE processing delay and collision between DMRS and CRS.
· 2 companies prefer option 2 considering less specification efforts and inter-cell interference estimation.
· 1 company prefers option 2 for simplicity, and can accept option 3 for reduced processing time and fallback to option 2 to avoid collision between DMRS and CSI-RS.
· 1 company prefer option 4 that DMRS pairs are put in OFDM symbols #9,#10,#11,#12 for better performance in high Doppler channel.
Based on the majority view, the following proposal is made:
Proposal 11A: For the first 1-slot sPDSCH in subframe, at least one pair of DMRS are placed in OFDM symbols #9 and #10.

10 companies provide inputs to Q17,
Question 17: For 1-slot sPDSCH, how many pairs of DMRS in time domain can be supported? Please provide your reason(s) for your choice.
· Option 1:1 pair
· Option 2: 2 pairs
Based on the inputs,
· 9 companies prefer option 1 considering additional overhead and limited use case for 2 pairs.
· 1 company prefer option 2 considering the better link level performance in high Doppler case and high MCS.
Based on the majority view, the following proposal is made:
Proposal 12: For 1-slot sPDSCH, a single pair of DMRS in time is supported.

10 companies provide inputs to Q18,
Question 18: For 1-slot sPDSCH with up to 2 layers, what is the frequency domain density and position for DMRS?
Based on the inputs,
· 7 companies prefer legacy pattern that 3 subcarriers per RB are used for DL DMRS with 4 subcarriers in between.
· 2 company prefer the DMRS for 1-slot sPDSCH to be the same with subslot design.
· 1 company prefers 2 subcarriers per RB in subcarrier #1 and #10.
Based on the majority view, the following proposal is made:
Proposal 13: For up to 2 layers transmission of 1-slot sPDSCH, the DMRS is placed on 3 subcarriers spaced by 4 subcarriers.

10 companies provide inputs to Q19,
Question 19: For 1-slot sPDSCH with 4 layers, what is the DMRS pattern based on your answer to Q14~Q18?
Based on the inputs, all companies agree that to support 4 layers 1-slot sPDSCH transmission, the DMRS for 2 layers transmission can be doubled in frequency domain.
Proposal 14: For 4 layers transmission of 1-slot DMRS-based sPDSCH, two pairs of DMRSs are repeated X times in frequency domain within a RB.
· [bookmark: _GoBack]FFS on X between 2 and 3
10 companies provide inputs to Q20,
Question 20: For DMRS of 1-slot sPDSCH, which option is supported in sTTI containing CRS?
· Option 1: Re-use the frequency shift of CRS, where the frequency shift is given by [image: ]
· Option 2: DMRS RE is shifted to the next or to the previous RE in frequency domain when colliding with CRS
· Option 3: DMRS RE is shifted in time domain to avoid collision with CRS.
· Option 4: Others. (Please provide details of your solution)
Based on the inputs, 
· 6 companies prefer option 2.
· 2 companies prefer option 1.
· 2 companies prefer legacy 1ms DMRS placement so that there is no collision between CRS and DMRS.
Proposal 15: For DMRS of 1-slot sPDSCH, DMRS RE is shifted to the next or to the previous RE when colliding with CRS.

10 companies provide inputs to Q21,
Question 21: For DMRS of 1-slotsPDSCH, is it necessary to avoid collision with CSI-RS? If yes, how to avoid the collision with CSI-RS?
Based on the inputs, 
· 7 companies support eNB configuration to avoid collision between DMRS and CSI-RS
· 3 companies support DMRS RE shift to avoid the collision.
Proposal 16: For DMRS of 1-slot sPDSCH, the collision between DMRS and CSI-RS is handled by eNB configuration without spec impacts.

10 companies provide inputs to Q22,
Question 22: Is the precoding RB group for sTTI operation (sPRG size) the same for all system bandwidth or is it system bandwidth specific? Please provide reasons for your answer.
Based on the inputs, 
· 7 companies prefer the same sPRG size for all system bandwidth
· 2 companies prefer sPRG size configured to UE.
· 1 company prefer the same value for all system bandwidth for 2-symbol sTTI, and can be system bandwidth specific or the same for all system bandwidth.
Proposal 17: The precoding RB group for sTTI operation (sPRG size) is the same for all system bandwidth.

10 companies provide inputs to Q23,
Question 23: Which option of the precoding RB group for sTTI operation (sPRG size) is supported? Please provide reasons for your answer.
· Option 1: 2
· Option 2: 3
· Option 3: 4
· Option 4: 6
Based on the inputs, 
· 3 companies prefer option 1.
· 4 companies prefer option 2.
· 3 companies prefer option 4.
· 1 companies prefer to configure one of option 1/3/4 to the UE.
· 1 company prefer option 2 for 2/3-symbol sTTI and option 1 or different values for 1-slot sTTI.
Considering the diverse opinions and that the dependence of sPRG size on sRBG size, the following observation is made
Observation 4: The precoding RB group for sTTI operation (sPRG size) needs further study.
Transmission modes configuration and fallback
10 companies provide inputs to Q24,
Question 24: Which option is supported on transmission modes configuration of sPDSCH? Please provide your reason(s) for your choice.
· Option 1: DL transmission modes for sTTI and 1ms TTI are configured independently.
· Option 2: DL transmission modes configured to a UE applies to both PDSCH and sPDSCH.
Based on the inputs, 
· 9 companies prefer option 1 considering that TM for sTTI in MBSFN subframes, different RS overhead, different requirements/targets between sTTI/TTI.
· 1 company prefers option 2 considering the CSI reports.
Considering the majority view, the following proposal is made:
Proposal 18: DL transmission modes for sTTI and 1ms TTI are configured independently.

10 companies provide inputs to Q25,
Question 25: Which option is supported for transmission schemes within a transmission mode for sPDSCH transmission? If your choice is option2, please provide the details.
· Option 1: The same as legacy LTE, i.e. an transmission scheme corresponding the configured transmission mode, and a robust transmission scheme, such as Table 7.1-5 in TS 36.213.
· Option 2: Different from legacy LTE.
Based on the inputs, 
· 7 companies prefer option 1 considering that no further overhead, less standardization effort, latency in fallback.
· 1 company prefers option 1 with subframe type dependent TM configuration.
· 1 company prefers option 2 that the transmission scheme fallback can be supported by fallback to 1ms transmission considering the blind detection of sDCI, sDCI payload size.
Considering the majority view, the following proposal is made:
Proposal 19: For sPDSCH transmission, an transmission scheme corresponding to the configured transmission mode, and a robust transmission scheme, such as Table 7.1-5 in TS 36.213 are supported.

10 companies provide inputs to Q26,
Question 26: Based on your answer in Q25, how to indicate the UE to perform the fallback to a robust transmission scheme?
Based on the inputs, 
· 6 companies prefer sDCI content/1 bit flag to perform the fallback.
· 5 companies prefer different sDCI formats to perform the fallback.
· 1 company confirm their answer in Q25 that sTTI transmission mode fallback would increase sDCI format a lot.
Considering the majority view, the following proposal can be made:
Proposal 20: The indication of fallback to a robust transmission scheme for sPDSCH transmission is down-selected between 1-bit flag in sDCI and different sDCI formats.
TBS
10 companies provide inputs to Q27,
Question 27: Which option is supported to perform TBS scaling? If your answer is option2, please also provide the details.
· Option 1: The RB number to determine TBS is calculated as , where  is the RB number derived from sDCI/DCI and  is TBS scaling factor.
· Option 2: Other methods.
Based on the inputs, 
· 7 companies prefer option 1 considering reusage of legacy way, non-ambiguity on TBS in sDCI miss, efficiency usage of TBS table.
· 3 companies prefer option 2 to scale the TBS size to the closest smaller existing TBS value by the a scaling factor for a better granularity.
Considering the majority view, the following proposal can be made:
Proposal 21: For sPDSCH, the RB number to determine TBS is calculated as , where  is the RB number derived from sDCI/DCI and  is TBS scaling factor.

10 companies provide inputs to Q28,
Question 28: What factors (such as number of symbols in TTI, DMRS, CRS) should be considered to determine TBS scaling factor for 1-slot sPDSCH? Please also provide the equation(s)/value(s) of the TBS scaling factor for 1-slot sPDSCH. 
Based on the inputs, 
· 7 companies prefer a scaling factor 0.5 for 1-slot sPDSCH.
· 2 companies prefer multiple scaling factors ½, 5/12 or 1/3 considering PDCCH overhead.
· 1 company think the PDCCH and CRS overhead should be considered to make sure coding rate 0.93 is not violated.
Considering the majority view, the following proposal can be made:
Proposal 22: For 1-slot sPDSCH, the TBS scaling factor is 0.5 .

10 companies provide inputs to Q29,
Question 29: What factors (such as number of symbols in TTI, DMRS, CRS) should be considered to determine TBS scaling factor for 2/3-symbol sPDSCH? Please also provide the equation(s)/value(s) of the TBS scaling factor for 2/3-symbol sPDSCH. 
Based on the inputs, 
· 3 companies prefer a scaling factor 1/7 for 2/3-symbol sPDSCH.
· 3 companies prefer multiple scaling factors considering sTTI length, CRS overhead and DMRS overhead.
· 2 companies prefer 1/6 for 2/3-symbol sPDSCH.
· 1 company prefer 1/7 for 2-symbol sPDSCH and 3/14 for 3-symbol sPDSCH.
· 1 company think CRS overhead needs to be considered to make sure 0.93 coding rate is not violated.
Considering the diverse opinion, the following observation can be made:
Observation 5: The TBS scaling factor for 2/3-symbol sPDSCH needs further study.
sPUSCH design
For reference, RAN1agreementsrelated to sPUSCHdesignare copied below.
	Related agreements related to sPUSCH design:

	Agreements:
For both 2-symbol and 1-slot sPUSCH transmission 
· Up to 2-layer transmission is supported
· FFS 4-layer is supported
An allocation based on the indication of the start and the length of allocation is supported in the UL for sPUSCH




	Related agreements related to flexible UL DMRS:

	Agreements:
For 2/3os sTTI:
· The presence (if any) and the position of the UL DMRS is given or determined by the UL grant, 
· The UL DMRS can be positioned before or within the associated sTTI

In case of 2/3os in UL, the following DMRS placement can be indicated by an UL grant in sTTI#n-x which schedules sPUSCH in sTTI n, where x is processing time configured for a PUCCH group
Note: Other combinations are FFS.
	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n
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	Related agreements related to UL DMRS design:

	Agreements:
For DM-RS of sPUSCH, the followings are recommended to be supported: 
-	For the case of 1-slot TTI length, reuse the current DM-RS 
-	For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 
- At least 2 contiguous TTIs can be shared/multiplexed.

IFDMA DMRS is supported for 2-symbol based sPUSCH
· Support RPF=2
· Each comb supports up to 2 layers multiplexing for IFDMA DMRS for 2/3-symbol sPUSCH
· Support UL DMRS EPRE power boosting to maintain same transmit power for both DMRS symbol and data symbol
· No new UL DMRS sequence generation compared to PUSCH in Rel-14 (including new sequence length from eFD-MIMO)

· At least for 2-symbol based sTTI, UL DMRS position for sPUSCH is indicated by eNB
· FFS how to indicate UL DMRS position
· FFS whether or not to support fixed UL DMRS position
· For 1-slot sTTI, self-contained UL DMRS for sPUSCH is supported
· Support at least the legacy DMRS structure, where DMRS is located in the fourth symbol of the slot



· For UL transmissionfor sTTI
· TM1 and TM2 are supported

· More than 2 combs are not supported for IFDMA DMRS for 2/3-symbol sPUSCH.
· Each comb supports up to 2 layers multiplexing for IFDMA DMRS for 2/3-symbol sPUSCH.




	Related agreements related to UCI on sPUSCH:

	Agreements:
UCI transmission on sPUSCH is supported
NOTE:	The UCI herein refers to at least the ones for sTTI operations

In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE
· The UE shall transmit sPUSCH
· The UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH without resuming the transmission
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK of PUSCH is transmitted on sPUSCH
· FFS on coding of HARQ-ACK and sHARQ-ACK (e.g., joint coding or separate coding)
· FFS on whether to bundle HARQ-ACK before mapping onto sPUSCH
· No requirement on the time of dropping prior to sPUSCH transmission is adopted
· CSI of PUSCH is dropped

In case of collision between PUCCH and sPUSCH in the same subframe on a given carrier for a UE
· HARQ-ACK of PUCCH is transmitted on sPUSCH
· FFS on coding of HARQ-ACK and sHARQ-ACK (e.g., joint coding or separate coding)
· FFS on whether to bundle HARQ-ACK before mapping onto sPUSCH
· CSI of PUCCH is dropped




Resource allocation and granularity
10 companies provide inputs to Q30,
Question 30: Is resource allocation type 1 (i.e. indicating two sets of contiguous sRBGs) supported in scheduling of sPUSCH? Please provide your reason(s) for your answer.
Based on the inputs, 
· 6 companies prefer to not support resource allocation type 1.
· 4 companies prefer to support RA type 1.
Considering the majority view, the following proposal can be made:
Proposal 23: The resource allocation type 1 is not supported for scheduling of sPUSCH .

10 companies provide inputs to Q31,
Question 31: What are the resource allocation granularities (sRBG) for 2/3-OS and 1-slot sPUSCH with different channel bandwidth? Please provide your reason(s) for your answer.
Based on the inputs, 
· 2 companies prefers the same granularity with 1ms TTI.
· 1 company prefers to have the same sRBG between type 2 DL and type 0 UL.
· 2 companies prefer the same value for 2/3-symbol and 1-slot.
· 5companies prefers [2,3,6] times of legacy sRBG for 2/3-symbol sPUSCH and 2 times of legacy sRBG for 1-slot sPUSCH.
Considering the diverse opinion, the following observation can be made:
Observation 6: The resource allocation granularities (sRBG) for sPUSCH needs further study.

10 companies provide inputs to Q32,
Question 32: If scheduling of sPUSCH, is the starting positions are aligned with or can be not aligned with sRBG in Q30? If it can be not, then what is the granularity for starting positions?
Based on the inputs, 
· 2 companies prefer to align with RB.
· 1 company prefers to align with RBG
· 7 companies prefer to align with sRBG.
Considering the majority view, the following proposal can be made:
Proposal 24: The starting positions in scheduling of sPUSCH is aligned with sRBG.
UL DMRS design

10 companies provide inputs to Q33,
Question 33: For 2/3-symbol sPUSCH, is IFDMA RPF=1 supported or not (i.e., REs in DMRS symbol are all used by DMRS)?
Based on the inputs, 
· 4 companies prefer to not support RFP=1 considering the necessity.
· 6 companies prefer to support RFP=1 considering the case when one DMRS symbol is occupied by only one UE.
Considering the majority view, the following proposal can be made:
Proposal 25: For 2/3-symbol sPUSCH, IFDMA RPF=1 is supported.

10 companies provide inputs to Q34,
Question 34: For 2/3-symbol sPUSCH, is 4-layer transmission supported or not? Please provide your reason(s) for your answer.
Based on the inputs, 
· 5 companies prefer to not support 4 layers transmission considering the DMRS sharing, PAPR.
· 5 companies prefer to support 4-layer transmission considering the data rate, system throughput.
Considering the diverse opinion, the following observation can be made:
Observation 7: For 2/3-symbol sPUSCH, whether 4-layer transmission is supported needs further study.

5 companies provide inputs to Q35,
Question 35: If your answer to Q34 is yes, then how to perform DMRS port multiplexing to support 4-layer transmission of 2/3-symbol sPUSCH?
Based on the inputs, all companies with inputs support that two combs combined with CS can be used for 4-layer transmission, 4 companies also think four cyclic shifts with RPF=1 can also be used to support 4-layer transmission.
Considering observation 7, the scheme to support 4-layer transmission can be further discussed if 4-layer transmission is agreed.

10 companies provide inputs to Q36,
Question 36: For 1-slot sPUSCH, is IFDMA supported for DMRS port multiplexing? If yes, what is(are) the value(s) of RPF?
Based on the inputs, allc ompanies prefer to support RFP=2 considering the MU-MIMO with UEs in partially overlapping resources. Therefore, the following proposal can be made:
Proposal 26: For 1-slot sPUSCH, IFDMA with RPF=2 is supported for DMRS port multiplexing.

10 companies provide inputs to Q37,
Question 37: For 1-slot sPUSCH, is 4-layer transmission supported or not? Please provide your reason(s) for your answer.
Based on the inputs, 
· 9 companies prefer to support 4-layer transmission of 1-slot sPUSCH.
· 1 company prefers to support up to 2-layer transmission of 1-slot sPUSCH.
Based on majority view, the following proposal can be made:
Proposal 27: For 1-slot sPUSCH, 4-layer transmission is supported.

9 companies provide inputs to Q38,
Question 38: If your answer to Q37is yes, then how to perform DMRS port multiplexing to support 4-layer transmission?
Based on the inputs, 
· 8 companies prefer to support multiplexing by different cyclic shifts for RFP=1, and by combination of combs and cyclic shifts for RPF=2.
· 1 company prefers to support multiplexing by combination of combs and cyclic shifts.
Based on majority view, the following proposal can be made:
Proposal 28: For 1-slot sPUSCH with 4 layers, DMRS port multiplexing is supported by different cyclic shifts for RFP=1, and by combination of combs and cyclic shifts for RPF=2.

10 companies provide inputs to Q39,
Question 39: Is any other DMRS and data combinations supported? If yes, please provide your reason(s) and detailed combination(s).
Based on the inputs, 
· 4 companies thinks current DMRS and data combinations are enough to support different scenarios of DMRS sharing and multiplexing.
· 2 companies prefer to support a RS without data in sTTI0, DMRS sharing between slots, indication of SRS in sTTI5 and DDR in sTTI5.
· 2 companies prefer to support multiplexing DMRS and data in one symbol.
· 1 companies prefer to support DDD in sTTI5.
· 1 companies prefer to support DRD in sTTI5.
Considering the diverse opinions, the following observation can be made:
Observation 8: Whether any other DMRS and data combination is supported needs further study.

10 companies provide inputs to Q40,
Question 40: Which option for the indication of UL DMRS related aspects by sDCI, including cyclic shift, comb index and position?
Option 1: One field for cyclic shift, one field for comb index and one field for DMRS position pattern.
Option 2: One field for cyclic shift and DMRS position pattern, and one field for comb index.
Option 3: One field for comb index and DMRS position pattern, and one field for cyclic shift.
Option 4: One field for cyclic shift and comb index, and one field for DMRS position pattern.
Option 5: One field for cyclic shift, comb index and DMRS position pattern.
Based on the inputs, 
· 5 companies prefer option 1 considering the flexibility.
· 3 companies prefer option 4.
· 2 companies prefer option 5.
Considering the diverse opinions, the following observation can be made:
Observation 9: The indication of UL DMRS related aspects by sDCI needs further study.
Transmission modes configuration and fallback
10 companies provide inputs to Q41,
Question 41: Which option is supported on transmission modes configuration of sPUSCH? Please provide your reason(s) for your choice.
Option 1: UL transmission modes for sTTI and 1ms TTI are configured independently.
Option 2: UL transmission modes configured to a UE applies to both PUSCH and sPUSCH.
Based on the inputs, 
· 8 companies prefer to support option 1, considering flexibility, different requirement/targets for PUSCH/sPUSCH.
· 2 companies prefer to support option 2.
Based on majority view, the following proposal can be made:
Proposal 29: UL transmission modes for sTTI and 1ms TTI are configured independently.

10 companies provide inputs to Q42,
Question 42: Which option is supported for transmission schemes within a transmission mode for sPUSCH transmission? If your choice is option2, please provide the details.
Option 1: The same as legacy LTE, i.e. an transmission scheme corresponding the configured transmission mode, and a robust transmission scheme, such as Table 8-3 in TS 36.213.
Option 2: Different from legacy LTE.
Based on the inputs, 
· 9 companies prefer to support option 1, considering latency.
· 1 company prefers to support option 2 that the fallback to robust transmission scheme is through the fallback to 1ms operation.
Based on majority view, the following proposal can be made:
Proposal 30: For sPUSCH transmission, an transmission scheme corresponding to the configured transmission mode, and a robust transmission scheme, such as Table 8-3 in TS 36.213 are supported.

9 companies provide inputs to Q43,
Question 43: Based on your answer in Q43, how to indicate the UE to performe the fallback to a robust transmission scheme?
Based on the inputs, 
· 6 companies can accept 1 bit flag in sDCI to indicate the fallback.
· 4 companies can accept different sDCI formats to indicate the fallback.
Based on majority view, the following proposal can be made:
Proposal 31: The indication of fallback to a robust transmission scheme for sPUSCH transmission is down-selected between 1-bit flag in sDCI and different sDCI formats.
CW

10 companies provide inputs to Q44,
Question 44: What is the maximum number of supported codewords for sPUSCH transmission? Please provide reason(s) to your answer.
Based on the inputs, 
· 6 companies prefer single codeword for sPUSCH transmission.
· 4 companies prefer up to 2 codewords for sPUSCH transmission.
Based on majority view, the following proposal can be made:
Proposal 32: Only single codeword transmission for sPUSCH is supported.

TBS
10 companies provide inputs to Q45,
Question 45: Which option is supported to perform TBS scaling? If your answer is option2, please also provide the details.
· Option 1: The RB number to determine TBS is calculated as , where  is the RB number derived from sDCI/DCI and is TBS scaling factor.
· Option 2: Other methods.
Based on the inputs, 
· 7 companies prefer option 1 considering reusage of legacy way in UpPTS, non-ambiguity on TBS in sDCI miss, efficiency usage of TBS table.
· 3 companies prefer option 2 to scale the TBS size to the closest smaller existing TBS value by the a scaling factor for a better granularity.
Considering the majority view, the following proposal can be made:
Proposal 33: For sPUSCH, the RB number to determine TBS is calculated as , where  is the RB number derived from sDCI/DCI and  is TBS scaling factor.

10 companies provide inputs to Q46,
Question 46: What factors (such as number of symbols in TTI, DMRS, SRS) should be considered to determine TBS scaling factor for 1-slot sPUSCH? Please also provide the equation(s)/value(s) of the TBS scaling factor for 1-slot sPUSCH. 
Based on the inputs, 
· 8 companies prefer a scaling factor 0.5 for 1-slot sPDSCH.
· 2 companies prefer multiple scaling factors ½, 5/12 considering SRS overhead.
Considering the majority view, the following proposal can be made:
Proposal 34: For 1-slot sPUSCH, the TBS scaling factor is 0.5 .

10 companies provide inputs to Q47,
Question 47: What factors (such as number of symbols in TTI, DMRS, SRS) should be considered to determine TBS scaling factor for 2/3-symbol sPUSCH? Please also provide the equation(s)/value(s) of the TBS scaling factor for 2/3-symbol sPUSCH. 
Based on the inputs, 
· 8 companies accept that the scaling factor is the number of data symbols divided by 12, i.e. 1/12, 1/6 and ¼ for 1, 2 and 3 data symbols in sPUSCH respectively.
· 1 company prefers 1/7 for all cases, and can also accept sTTI length dependent values.
· 1 company prefers 1/6 for 2 or 3 data symbols in sPUSCH and 1/12 for 1 data symbols in sPUSCH.
Based on the majority view, the following proposal can be made:
Proposal 35: The TBS scaling factor for 2/3-symbol sPUSCH is the number of data symbols divided by 12, i.e. 1/12, 1/6 and ¼ for 1, 2 and 3 data symbols in sPUSCH respectively.
UCI mapping on sPUSCH
10 companies provide inputs to Q48,
Question 48: Which option is supported for UCI mapping on 1-slot sPUSCH? Please provide the details.
Option 1:Re-use the legacy mapping rule (Mapping positin, puncuture or rate matching).
Option 2: Other methods.
Based on the inputs, all companies prefer to re-use the legacy mapping rule for UCI mapping on 1-slot sPUSCH. Therefore, the following proposal can be made:
Proposal 36: Re-use the legacy mapping rule of UCI on 1ms PUSCH for UCI mapping on 1-slot sPUSCH.

10 companies provide inputs to Q49,
Question 49: For UCI mapping on 2/3-symbol sPUSCH, what is the protection priority for HARQ-ACK, RI, PMI/CQI and data?
Based on the inputs, 
· 5 companies prefer HARQ-ACK > RI >PMI/CQI > data.
· 2 companies prefer HARQ-ACK >= RI > PMI/CQI > data.
· 1 company prefer HARQ-ACK = RI > PMI/CQI > data.
· 2 companies prefer HARQ-ACK > other UCI.
Considering the majority view, the following proposal is made to move foreard:
Proposal 37: For UCI mapping on 2/3-symbol sPUSCH, the protection priority is HARQ-ACK > RI >PMI/CQI > data.
10 companies provide inputs to Q50,
Question 50: What is the mapping rule (mapping position, puncture or rate matching)for UCI mapping on 2/3-symbol sPUSCH with 1 data symbol?
Based on the inputs, 
· 8 companies prefer that RI is mapped on top of the data symbol, then the PMI/CQI, and they are rate matched by sPUSCH data; the HARQ-ACK are mapped to the opposite end of the data symbol by puncturing the sPUSCH data REs.
· 1 company prefers to reuse legacy LTE mapping rule as much as possible.
· 1 company prefers that an mapping offset is introduced in mapping UCI depending on the impact of transient period.
Considering the majority view which is reusing the LTE mapping rule as much as possible, the following proposal is made to move forward:
Proposal 38: For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol, the HARQ-ACK is mapped from the lowest frequency index by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the largest frequency index in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data.

10 companies provide inputs to Q51,
Question 51: What is the mapping rule (mapping position, puncture or rate matching)for UCI mapping on 2/3-symbol sPUSCH with 2 data symbol?
Based on the inputs, 
· 4 companies prefer that HARQ-ACK is mapped to the bottom of the data symbol closest to the DMRS by puncturing the UL-SCH REs, RI is mapped to the bottom of the other data symbol which is rate matched by UL-SCH data, and the PMI/CQI are mapped to the top of the data symbols in time first frequency second manner, which are rate matched by UL-SCH data.
· 2 companies prefer that HARQ-ACK is mapped next to DMRS by puncturing, and the other UCI are mapped to other end of the other data symbol by rate matching.
· 1 company prefers that an mapping offset is introduced in mapping UCI depending on the impact of transient period.
· 3 companies prefer the legacy design.
Although the opinions are diverse, however considering the proposal 38 and the solution supported by largest number of companies which is reusing legacy design as much as possible, we can try the following proposal to move forward:
Proposal 39: For UCI mapping on 2/3-symbol sPUSCH with 2 data symbol, the HARQ-ACK is mapped from the lowest frequency index of the data symbol closest to the DMRS by puncturing UL-SCH REs, RI is mapped from the lowest frequency index of another data symbol by rate matching and PMI/CQI are mapped from the largest frequency index in the time first frequency second manner, which are rate matched by UL-SCH data.

Are there any other considerations you would like to share onsPDSCH and sPUSCH design?
1 company raised the issue of transmission mode in MBSFN subframes, and proposed subframe type (MBSFN/non-MBSFN subframe) dependent configuration of TM for sPDSCH. As no other companies gave their views, the following observation is made:
Observation 10: The transmission mode of sPDSCH in MBSFN subframes is for further study.
Conclusion
The document provides a summary of email discussion [90-11] on sPDSCH and sPUSCH design. Based on the summarization, the following proposals and observation are given below, where proposals highlighted in green are those agreeable with less compromises, and proposals highlighted in yellow are thos agreeable with further compromises.
sPDSCH resource allocation and sRBG size
Proposal 1: Resource allocation type 0 indicating non-contiguous sRBGs with bitmap is supported for sPDSCH scheduling.
Proposal 2: Resource allocation type 2 indicating contiguous resource units is supported for sPDSCH scheduling, FFS the resource unit is RB, RBG or sRBG.
Proposal 3: The RBG size for sTTI equals to legacy RBG size multiplied by a factor Q, with Q down-selected from [2, 3, 6] for 2/3-OS and [2, 3] for 1-slot sPDSCH.
Observation 1: The granularity of starting position for RA type 2 of sPDSCH needs further study.

sPDSCH CW
Proposal 4: Confirm the working assumption that single codeword for sPDSCH is supported.
DL DMRS pattern and sPRG size
Proposal 5: For 2/3-symbol sPDSCH, the maximum number of supported layers is 2.
Proposal 6: For 2/3-symbol sPDSCH, DMRS RE is shifted to the next or to the previous RE when colliding with CRS.
Proposal 7: For 2/3-symbol sPDSCH, the collision between DMRS and CSI-RS is handled by eNB configuration without spec impacts.
Proposal 8: For DMRS of 2/3-symbol sPDSCH, the DMRS sharing across slots is supported.
Proposal 9: For DMRS of 2/3-symbol sPDSCH, the DMRS sharing among 3 consecutive sTTIs is not supported
Proposal 10: For DMRS of 1-slot sPDSCH, up to 4 layers transmission is supported for TM 9/10 and up to 2 layers transmission is supported for TM 8.
Proposal 11: For the first 1-slot sPDSCH in subframe, at least one pair of DMRS are placed in OFDM symbols #2 and #3 if CFI=1 or 2, and symbols #3 and #4 if CFI=3.
Proposal 11A: For the first 1-slot sPDSCH in subframe, at least one pair of DMRS are placed in OFDM symbols #9 and #10.
Proposal 12: For 1-slot sPDSCH, a single pair of DMRS in time is supported.
Proposal 13: For up to 2 layers transmission of 1-slot sPDSCH, the DMRS is placed on 3 subcarriers spaced by 4 subcarriers.
Proposal 14: For 4 layers transmission of 1-slot DMRS-based sPDSCH, two pairs of DMRSs are repeated X times in frequency domain within a RB.
· FFS on X between 2 and 3
Proposal 15: For DMRS of 1-slot sPDSCH, DMRS RE is shifted to the next or to the previous RE when colliding with CRS.
Proposal 16: For DMRS of 1-slot sPDSCH, the collision between DMRS and CSI-RS is handled by eNB configuration without spec impacts.
Proposal 17: The precoding RB group for sTTI operation (sPRG size) is the same for all system bandwidth.

Observation 2: The time-domain position for DL DMRS of 3-symbol sPDSCH  needs further study.
Observation 3: The DMRS pattern for 2/3-symbol sPDSCH up to 2 layers  needs further study.
Observation 4: The precoding RB group for sTTI operation (sPRG size) needs further study.

sPDSCH Transmission modes configuration and fallback
Proposal 18: DL transmission modes for sTTI and 1ms TTI are configured independently.
Proposal 19: For sPDSCH transmission, an transmission scheme corresponding to the configured transmission mode, and a robust transmission scheme, such as Table 7.1-5 in TS 36.213 are supported.
Proposal 20: The indication of fallback to a robust transmission scheme for sPDSCH transmission is down-selected between 1-bit flag in sDCI and different sDCI formats.
Observation 10: The transmission mode of sPDSCH in MBSFN subframes is for further study.

sPDSCH TBS
Proposal 21: For sPDSCH, the RB number to determine TBS is calculated as , where  is the RB number derived from sDCI/DCI and  is TBS scaling factor.
Proposal 22: For 1-slot sPDSCH, the TBS scaling factor is 0.5 .
Observation 5: The TBS scaling factor for 2/3-symbol sPDSCH needs further study.

sPUSCH Resource allocation and granularity
Proposal 23: The resource allocation type 1 is not supported for scheduling of sPUSCH .
Proposal 24: The starting positions in scheduling of sPUSCH is aligned with sRBG.

Observation 6: The resource allocation granularities (sRBG) for sPUSCH needs further study.

UL DMRS design
Proposal 25: For 2/3-symbol sPUSCH, IFDMA RPF=1 is supported.
Proposal 26: For 1-slot sPUSCH, IFDMA with RPF=2 is supported for DMRS port multiplexing.
Proposal 27: For 1-slot sPUSCH, 4-layer transmission is supported.
Proposal 28: For 1-slot sPUSCH with 4 layers, DMRS port multiplexing is supported by different cyclic shifts for RFP=1, and by combination of combs and cyclic shifts for RPF=2.

Observation 7: For 2/3-symbol sPUSCH, whether 4-layer transmission is supported needs further study.
Observation 8: Whether any other DMRS and data combination is supported needs further study.
Observation 9: The indication of UL DMRS related aspects by sDCI needs further study.

sPUSCH Transmission modes configuration and fallback
Proposal 29: UL transmission modes for sTTI and 1ms TTI are configured independently.
Proposal 30: For sPUSCH transmission, an transmission scheme corresponding to the configured transmission mode, and a robust transmission scheme, such as Table 8-3 in TS 36.213 are supported.
Proposal 31: The indication of fallback to a robust transmission scheme for sPUSCH transmission is down-selected between 1-bit flag in sDCI and different sDCI formats.

CW
Proposal 32: Only single codeword transmission for sPUSCH is supported.

sPUSCH TBS
Proposal 33: For sPUSCH, the RB number to determine TBS is calculated as , where  is the RB number derived from sDCI/DCI and  is TBS scaling factor.
Proposal 34: For 1-slot sPUSCH, the TBS scaling factor is 0.5 .
Proposal 35: The TBS scaling factor for 2/3-symbol sPUSCH is the number of data symbols divided by 12, i.e. 1/12, 1/6 and ¼ for 1, 2 and 3 data symbols in sPUSCH respectively.

UCI mapping on sPUSCH
Proposal 36: Re-use the legacy mapping rule of UCI on 1ms PUSCH for UCI mapping on 1-slot sPUSCH.
Proposal 37: For UCI mapping on 2/3-symbol sPUSCH, the protection priority is HARQ-ACK > RI >PMI/CQI > data.
Proposal 38: For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol, the HARQ-ACK is mapped from the lowest frequency index by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the largest frequency index in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data.
Proposal 39: For UCI mapping on 2/3-symbol sPUSCH with 2 data symbol, the HARQ-ACK is mapped from the lowest frequency index of the data symbol closest to the DMRS by puncturing UL-SCH REs, RI is mapped from the lowest frequency index of another data symbol by rate matching and PMI/CQI are mapped from the largest frequency index in the time first frequency second manner, which are rate matched by UL-SCH data.
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Introduction

The purpose of this email discussion is to share views on the sPDSCH/sPUSCH design for sTTI operation, mainly focuses on TBS scaling, single CW, DL DMRS pattern, configuration of transmission modes, fallback transmission scheme, resource allocation, UL DMRS details, UCI/HARQ ACK mapping on sPUSCH.This document provides a list of questions to progress the understanding of the proposals for sPDSCH/sPUSCH design.Companies are encouraged to provide inputs by 22ndSeptember.



sPDSCH design

For reference, RAN1agreementsrelated to sPDSCHdesignare copied below.

		Related agreements related to sPDSCH design:



		Agreements:

Both CRS based TMs and DMRS based TMs are supported for DL sPDSCH transmission. 

No change for CRS definition is envisioned. 

For a CRS based sTTI transmission scheme the maximum number of supported layers is 4.

For a DM-RS based sTTI transmission scheme the number of supported layers for 

· 2/3 symbols sTTI is at least 2 (FFS: 4 layers)

· 1-slot sTTI is up to 4

A UE is expected to handle the following cases in the same carrier in a subframe: 

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH

· For DL transmission for sTTI

· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.

· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.

Note: For 2 symbol sTTI design TM8 is not supported in this WI

Resource allocation type 1for sPDSCH is not supported

The sPRGsize for 2/3ossPDSCHis N (sPRG of N RBs)

· FFS: N is the same for all system BW or is system BW specific

· Down-select N from [2, 3, 4 and 6]

[bookmark: _Hlk491429249]Working assumption:

A single codeword is used for sPDSCH independent on the number of layers









		Related agreements related to DL DMRS:



		Agreements:

· For up to 2 layers sPDSCH in one sTTI, each layer maps to one different DL DMRS port, and each DMRS port has OCC-2 in time domain to support code division multiplexing.

· The DL DMRS pattern is fixed for 2-layer 2/3-symbol sPDSCH.

· Down-selected between option 1, 2, 3.

· Option 1: X = 3, N = 1

· Option 2: X = 2, N = 1

· Option 3: N > 1, X=2N+1 or X=2N 

· N is the number of RBs. X subcarriers per N RB(s)

· DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3-symbol sPDSCH.

· Sharing across subframes is not supported

· FFS: Sharing across slots

· FFS: 3 consecutive sTTIs

· DL DMRS RE shift in frequency domain is supported when colliding with CRS RE.

In the 1-slot for normal subframes and sTTI#0, at least one pair of symbols carry sPDSCH DMRS and the pair of symbols is selected among the following options:

· Op 1: 3-4 

· Op 2: 5-6 (legacy DMRS position) 

· Op 3: 2-3 if CFI=1,2 and 3-4 if CFI=3 (2OS-sTTI#1)

In the 1-slot for normal subframes and sTTI#1, at least one pair of sPDSCH DMRS is supported and can be placed in symbols

· Op 1: 10-11

· Op 2: 12-13 (legacy DMRS position)

· Op 3: 9-10 (2OS-sTTI#4)







Resource allocation and sRBG size

Question 1: Is resource allocation type 0 supported in scheduling of sPDSCH? Please provide your reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		Yes, we think this should be the baseline LTE RA type.



		Ericsson

		Yes, to enable support of non-contiguous resources that may span various part of the system bandwidth



		Huawei, HiSilicon

		Yes

In general the allocated frequency-domain resources of sTTI UEs are larger than those of 1 ms TTI UEs since sTTI UEs have less time-domain resources. Therefore, in frequency selected fading channel, eNB can hardly allocate a consecutive frequency-domain resource that all have high channel gain for a sTTI UE. It is implied that to obtain the frequency selective gain, a non-consecutive resource allocation, i.e., a bitmap/type 0 based sPDSCH resource allocation is necessary to be supported in sDCI.



		Samsung

		Yes.



		ZTE, Sanechips

		Yes, the non-contiguous resource allocation should be supported to achieve scheduling flexibility.



		LGE

		Yes. 



		Qualcomm

		Assuming the sRBG size is scaled up by a reasonable factor as compared to the legacy RBG size, RA type 0 with a small number of bits for indication should be supported.







Question 2: Is resource allocation type 2 supported in scheduling of sPDSCH? Please provide your reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Yes

IfsTTI is multiplexed with a TTI in a the same subframe, upon partial allocation of PDSCH in a sRBG, the remaining resource becomes unusable by Type 0 sPDSCH RA anymore. However, the resource is still schedulable by the Type 2 sPDSCH RA that could employ finer granularity than Type 0 sPDSCH RA.



		Ericsson

		Yes, allow resource allocation with smaller granularity as compared to Type 0.  This is needed specially for SPS operation. Otherwise, with large RA granularity very limited number of UEs can be configured with non-overlapping resources over the whole bandwidth.



		Huawei, HiSilicon

		Yes

To limit the control channel overhead in sTTI systems, type 2 based sPDSCH resource allocation also needs to be supported.



		Samsung

		Yes to reduce the overhead.



		ZTE, Sanechips

		Yes. Contiguous resource allocation based on Type 2 should be supported to obtain the scheduling gain. But in order to achieve flexible multiplexing between sPDSCH and PDSCH, the RA type 2 should be modified. That is, the granularity of starting position is less than that of the allocated resource.



		LGE

		Yes. 



		Qualcomm

		At least for the 2-symbol sTTI operation, RA type 2 is not supported. In particular, assuming sRBG size is increased and RA type 0 is supported, both the localized or distributed sRBGs can be assigned to a UE with the minimum allocation overhead. In our view, keeping the sDCI size as small as possible should be the core design objective. Once the sRBG size is sufficiently increases, the number of bits needed for RA type 0 and 2 are not different. In fact, if the RB based granularity is used for the starting position of the allocation, the number of bits needed for RA type 2 is even larger.

As an example, for the system bandwidth of 20MHz, if the legacy RBG size is increased by a factor of 6, there are only 4 sRBGs (3 if DL grant is within the allocation); hence, at most 4 bits are needed for resource allocation. If RA type 2 is supported, the number of bits is . Hence, adopting RA type 2 does not reduce the the allocation overhead. If RA type 2 without scaling up the RBG size is adopted, then the number of bits needed is 13bits (additional 9 bits are needed.) The overhead that this scheme incurs is not justifiable.  







Question 3: What options ofthe resource allocation granularities (sRBG) for 2/3-OS and 1-slotsPDSCH? Please provide your reason(s) and details (such as the value of Q) for your answer.

· Option 1: The RBG size for sTTI equals to legacy RBG size multiplied by a factor Q.

· Option 2: Other methods.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 1 for Type 0 with Q=3 (for bandwidths 5-20MHz), and this applies to both 2/3-OS and 1-slot sPDSCH.

Option 2 for Type 2 RA: We might not need toincrease the granularity for Type 2 in case of having the same sDCI size for different RA types. Also as states in Q2, the main montivation for Type 2 is the finer granaulrity compared to Type 0.



		Ericsson

		A variance of  Option 1, to reduce the required number of bits for resource allocation and coexist with the allocation group size of legacy LTE. The factor Q should be also a multiple of the DMRS bundling size which is still undecided. One can think of a bundling size of 3. But if a bundling size of 2 is used for sPDCCH, as mentioned in the email discussion [90-06], it may be of advantage to align the bundling size of sPDSCH with the one of sPDCCH to allow for more efficient sPDCCH/sPDSCH multiplexing.

For Type 0 : if bundling size of 3 is selected, we propose the following:

		Bandwidth (RB)

		Q (short TTI)

		Type 0 sRBG size

		Bits needed 



		25

		3

		6

		4



		50

		3

		9

		5



		100

		3

		12

		8







Otherwise, if the PRB bundling size is 2, we propose the following: 

		Bandwidth (RB)

		Q (short TTI)

		Type 0 sRBG size

		Bits needed 



		25

		3

		6

		4



		50

		2

		6

		8



		100

		3

		12

		8







For Type 2 :forsTTI, unlike legacy,  one bundling size will be supported for any configured bandwith. Therefore, Type 2 can not follow the same RBG size as legacy since the legacy RBG sizes (2,3,4)  does not have a common factor.  

As described in Q2, it is important that Type 2 provides smaller granularity as compared to Type 0. 

If  PRB bundling size of 2 is selected, 

		Bandwidth (RB)

		Type 2 sRBG size

		Bits needed (assuming starting point aligned with RBG size)



		25

		2

		7



		50

		2

		8



		100

		4

		9















IfPRB bundling size of 3 is selected, 

		Bandwidth (RB)

		Type 2 sRBG size

		Bits needed (assuming starting point aligned with RBG size)



		25

		3

		6



		50

		6

		6



		100

		6

		8









		Huawei, HiSilicon

		Option 1 to reduce the resource allocation overhead, with the values in the following table. We slightly prefer to have the same sRBG size for 2/3-symbol and 1-slot, so that the multiplexing can be easier between slot/subslot UEs. And we also slightly prefer to have the same sRBG between different scheduling types so that with RA2, the sDCI payload size can be reduced.

		Bandwidth(RB)

		P-legacy (RB)

		P-sTTI (RB)

		Q



		15

		2

		6

		3



		25

		2

		6

		3



		50

		3

		6/9

		2/3



		75

		4

		12

		3



		100

		4

		12

		3









		Samsung

		Option 1 for RA type 0 with factor Q=3~6 for 2/3OS sTTI and with factor Q=2 for slot sTTI.



		ZTE, Sanechips

		Option 1. Q can be 2 or 3.



		LGE

		Option 1. Q=2 for 7-OS sTTI sPDSCH and Q=6 for 2/3-OS sTTI sPDSCH.



		Qualcomm

		Option 1, with two different Q values for the 2-symbol and 1-slot sTTIs. Specifically, as the time duration of a 2-symbol sPDSCH is almost 1/6 of that of the 1ms TTI, we choose Q = 6. For the 1-slot sTTI operation, Q = 2 is acceptable.  







Question 4: If your answer for Q2 is yes, then is the starting positions are aligned with or can be not aligned with sRBG in Q3? If it can be not, then what is the granularity for starting positions?



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		As already noted in Q3, we think there will be no need to increase the granularity (or increase only a little bit) for both Type 2 RA allocation & the starting position (no need for overhead saving) – which will enable good sTTI& TTI coexistence.



		Ericsson

		Aligned with RBG size to  coexist well with legacy Type 0 PDSCH.



		Huawei, HiSilicon

		Aligned with sRBG in Q3 to reduce the resource allocation overhead as much as possible.



		Samsung

		The starting position can be aligned.



		ZTE, Sanechips

		We prefer the starting positions are not aligned with sRBG, and the granularity for starting positions could be one PRB.



		LGE

		For multiplexing between sTTI and 1ms TTI, it would be helpful that the granularity of the starting position for sTTI is the same as that for 1ms TTI.



		Qualcomm

		Although our response to Q2 is No, if supported, the granularity of the starting position should be the same as the allocation granularity. Otherwise, the control overhead is not justifiable. 







CW

Question 5: Is the working assumption on single codeword for sPDSCH confirmed or not? Please provide your reason(s).



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		Confirm the working assumption. We specifically think that the reduction in the sTTIsize (and especially also the HARQ-Ack feedback load) justifies this change. 



		Ericsson

		Yes. in order to reduce the signaling overhead for sTTI transmissions



		Huawei, HiSilicon

		We slightly prefer to not comfirm the working assumption. Although sPDCCH payload size can be reduced with single CW, the sPDSCH performance is sacrificed and thus the system efficiency is reduced.



		Samsung

		Yes.



		ZTE, Sanechips

		We slightly prefer to support two code-words for sPDSCH at least for 7-symbol sTTI. Considering it was agreed to support maximum 32 carriers, then it seems reasonable to support the same payload by using 2 codewords when the number of carrers is less than 32. UL coverage is also not the concern if spatial bundling is used.



		LGE

		Fine to confirm the working assumption.



		Qualcomm

		In our opinion, supporting 2CWs is desirable; however, the control overhead should be reduced. In order to do so, the same MCS/NDI/RV can be considered for both CWs. Further, the HARQ ACK/NAK can be bundled to reduce the UL overhead. Such an approach allows for efficiently supporting 2CWs with maximum of 4 layers.







DL DMRS pattern and sPRG size



Question 6: For 2/3-symbol sPDSCH, what is the maximum number of supported layers? Please provide your reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		2
As noted earlier, considering the DM-RS overhead especially for 2OS/3OS sTTI higher-layer MIMO seems to be not attractive here. 



		Ericsson

		We support 4 layers, since it provides a higher throughput in some radio channels.  The following figure shows the gain in throughput when 4-layer transmission is used. In this figure, option 1 denotes the DMRS pattern with 3 DMRS pairs per RB and option 2 denotes the DMRS pattern with 2 DMRS pairs per RB.

[image: ]

Throughput for 2-symbol sTTI with 2- and 4-layer transmission, for different DMRS schemes. 16QAM r3/4 EPA 3 km/h









		Huawei, HiSilicon

		We prefer 4-layers to achievehigh peak data rate and spectral efficiency. Although the DMRS overhead is larger with 4 layers, the eNB scheduler can schedule the right number of transmission layers to achieve the best performance. 



		Samsung

		Up to 2 layers due to RS overhead.



		ZTE, Sanechips

		Considering the tradeoff between capacity and overhead, the maximum supported layers is 2. 



		LGE

		Considering DMRS overhead for 2/3-symbol sTTI, our preference is 2.



		Qualcomm

		We share the same view as Huawei. Considering the limitations mentioned in our response to Question 5, 2CWs with the maximum of 4 layers can be supported. 

In order to reduce the DMRS overhead, the network can rely on sharing DMRS across multiple sTTIs. In fact, in our view, the DMRS overhead should not be more than that of the legacy subframe. In particular, DMRS sharing across the 3sTTIs of a given slot can be considered. A UE is not expected to receive a DMRS trigger more than once per subframe.







Question 7: For 3-symbol sPDSCH, what is the time-domain position for DL DMRS? Please provide your reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		Place the DM-RS in the last two symbols of the 3OS sPDSCHwhich correspond to the same time position as legacy TM9/10 DM-RS (i.e. symbol 5 & 6 for sTTI#2, symbol #12 & 13 for sTTI#5). This will prevent any collision with 1-OS long CRS-based sPDCCH here. 

For sTTI#0 (3OS sTTI, but only 2sPDSCH) also here the DM-RS is to be placed in the last two symbols of the sTTI (but the same symbols as the sPDSCH) 




		Ericsson

		If TDM between 1-os CRS-sPDCCH and DMRS-sPDSCH is supported (see email discussion [90-08]), then the DMRS for sPDSCH should occupy the last two symbols to not puncture the sPDCCH. If TDM is not supported, the DMRS for sPDSCH should occupythe two first OFDM symbols. Then UE can have earlier channel estimation and earlier decoding.





		Huawei, HiSilicon

		DL DMRS is placed at the first two-symbol of a 3-symbol sPDSCH to reduce UE processing delay as much as possible.



		Samsung

		If we support 1OS sPDCCH to schedule DMRS-based sPDSCH, then last two symbol should be used for DMRS.



		ZTE, Sanechips

		No matter for sTTI#0 with one symbol sPDCCH or sTTI #5, the DMRS should be placed in the last two symbols of the sTTI



		LGE

		For DL, two sTTI patterns were agreed depending on CFI: one is {3,2,2,2,2,3} and another is {2,3,2,2,2,3}. 

For the first pattern, in sTTI#0, sPDSCH contains only the last two symbols and thus DMRS can be placed in the last two symbols (i.e., symbol#1 and #2). In sTTI#5, DMRS can be placed in the last two symbols (i.e., symbol#12 and #13) in order to align with legacy DMRS.

For the second pattern, in sTTI#1, DMRS can be placed in the first two symbols (i.e., symbol #2 and #3). In sTTI#5, DMRS can be placed in the last two symbols (i.e., symbol#12 and #13).



		Qualcomm

		Note that the number of RE over a 3-symbol sTTI is larger as comapred to a 2-symbol sTTI. Hence, de-mapping is more challenging. In order to meet the processing timeline (i.e., to allow for the same timeline for both 2-symbol and 3-symbol sTTIs), it is important to place the DMRS REs over the first two symbols of each of the 3-symbol sTTIs.







Question 8: Which option is supported for DMRS of 2/3-symbol sPDSCH with up to 2 layers? Please provide the detailed pattern for your choice.

· Option 1: X = 3, N = 1

· Option 2: X = 2, N = 1

· Option 3: N > 1, X=2N+1 or X=2N

· WhereN is the number of RBs. X is number of subcarriers per N RB(s)



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		We prefer Option 3. N=3, which is our preferred size for sPRG and X=2N.  The pattern performs better than Option 2 and has less overhead than Option 1 as shown in R1-1713045



		Ericsson

		Option 2. One DMRS pair on subcarrier 1 and one DMRS pair on subcarrier 10. 



		Huawei, HiSilicon

		We prefer option 2 that it has better performance option 1, and has no further processing complexity to UE compared to option 3.



		Samsung

		Option 2.



		ZTE, Sanechips

		We prefer option 3 with N =2 and X=4.



		LGE

		Option 2. Based on the evaluation in our contribution [R1-162505], it is shown that option 1 and 2 can provide the similar performance. Considering DMRS overhead, option 2 is preferable. 



		Qualcomm

		If the max. number of layers supported is 2, then we prefer Option 1 (i.e., the legacy DMRS pattern.) According to Nokia’s contribution paper R1- 1713045, which compares pattern 1, 2 and 3 with different DMRS spacings, Option 1 requires the lowest SNR in the following scenarios:

· At BLER of 10%

· EPA, 3kmph, 64QAM, 5/6: 1c

· ETU, 60kmph, 16QAM, ¾: 1b and 1c

· ETU, 60kmph, 64QAM, 5/6: 1b 

· AT BLER of 1%

· EPA, 3kpmh, QPSK, 1/3: 1a

· EPA, 3kmph, 64QAM, 5/6: 1c

· ETU, 60kmph, QPSK, 1/3: 1a

· ETU, 60kmph, 16QAM, ¾: 1b

· ETU, 60kmph, 64QAM, 5/6: 1c.

Hence, we do not see any reason to adopt a new DMRS pattern assuming the max. number of layers supported is 2.

If a 4-layer transmission is supported, DMRS density reduction based on either Option 2 or 3 can be considered such that a 4-layer DMRS can be accommodated.







Question 9: If your answer to Q6 is larger than 2, based on your choice of Q8, what is the DMRS pattern to support 2/3-symbol sPDSCH with larger than 2 layers?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		As noted above in Q6 – we don’t think more than 2 layers should be supported.



		Ericsson

		We propose having 4 DMRS pairs located on subcarriers 1, 2, 10, 11. 







		Huawei, HiSilicon

		Like legacy design, there are two pairs of DMRS REs in frequency domain with each pair of DMRS to support up to 2-layer.



		Qualcomm

		As compared to the legacy, the DMRS density can be reduced for the 2-layer transmission. Then, to support a 4-layer transmission, the same as legacy, one addional pair with OCC-2 in time can be added to the pattern.









Question 10: For DMRS of 2/3-symbol sPDSCH, which option is supported in sTTI containing CRS?

· Option 1: Re-use the frequency shift of CRS, where the frequency shift is given by[image: ]

· Option 2: DMRS RE is shifted to the next or to the previous RE when colliding with CRS

· Option 3: Others. (Please provide details of your solution)



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Seems that we agreed to Option 2 already in RAN1#89 (last line there)!?
[image: ]


Maybe one thing to add here is, that it would be of advantage to strive to keep final DMRS spacing as uniform as possible (when determining whether to shift DMRS RE to the next or to the previous RE).

The needed frequency shift may be applied for all sTTIs of a subframe, independently if the f-shift would be required in a specific sTTI in order to simplity the UEs channel estimation process. 



		Ericsson

		Option 2



		Huawei, HiSilicon

		Option 1.

As in previous agreements, the frequency shift has been agreed but how to do the shift is still a remaining issue. Considering the standardization efforts and spec work, we prefer option 1 that if DMRS is in CRS symbols (i.e. colliding with CRS), the CRS frequency shift is reused.



		Samsung

		Option 2



		ZTE, Sanechips

		Is the meaning of Option 2 that DMRS RE is shifted to the neighbouring RE in the same symbol when colliding with CRS? If yes, we prefer Option 2.



		LGE

		Option 1 with modification to v_shift_DMRS = (N_ID^cell + x) mod 6, where x ∈{0,1,2,3,4,5}. Then, it seems that option 1 is a superset solution of option 2 (when x=1 or 5). 



		Qualcomm

		This depemds on the final DMRS pattern. If the patterns do not become irregular by adopting Option 1, then we prefer Option 1. 







Question 11: For DMRS of 2/3-symbol sPDSCH, is it necessary to avoid collision with CSI-RS? If yes, how to avoid the collision with CSI-RS?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Consider shifting the DMRS RE also when collides with configured CSI-RS, as avoiding conflicts of CSI-RS and DM-RS through eNB configuration restrictions could result in missing opportunity to schedule one or multiple 2/3-OS sTTIs in each subframe, this increasing latency.  The needed shift is only to be applied for the sTTI containing CSI-RS. 



		Ericsson

		eNodeB configures the CSI-RS such that CSI-RS has no collision with DMRS.



		Huawei, HiSilicon

		From our understanding, the collision between 2/3-symbol DMRS and CSI-RS can be avoided by eNB implementation with appropriate CSI-RS configuration.



		Samsung

		It is up to eNB implementation.



		ZTE, Sanechips

		Yes. It can be up to eNB's implementation.



		LGE

		In sTTI#2, 4, and 5, DMRS RE can be shifted in frequency domain when colliding with CSI-RS.



		Qualcomm

		The eNB should make sure that collision does not happen.







Question 12: For DMRS of 2/3-symbol sPDSCH, is the DMRS sharing across slots supported or not? Please provide reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Yes
As we don’t see any specific reason to consider the slot-boundary as anything special in here (the sharing will anyhow be under eNB control) and therefore no need to restrict such operation. 



		Ericsson. 

		Yes. The slot boundary is used mostly in UL for enabling frequency hopping. For DL, it only has a special meaning for resource allocation type 2 with distributed virtual resource blocks, a feature not very common. Therefore, there is no reason to preclude sharing across slots. 





		Huawei, HiSilicon

		We prefer to not support DMRS sharing across slots. From network perspective, it may be easier to multiplex 2/3-symbol sTTI UE and 1-slot sTTI UE in the same TTI, especially when distributed type VRB is configured.



		Samsung

		Yes.



		ZTE, Sanechips

		If no issue is identified by allowing DMRS sharing across slots, it can be supported.



		LGE

		Yes. In our understanding, there is no need for such restriction in DL.



		Qualcomm

		Yes, DMRS sharing across the two slots of one subframe is fine. 







Question 13: For DMRS of 2/3-symbol sPDSCH, is the DMRS sharing among 3 consecutive sTTIs supported or not? Please provide reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		No
The sharing between 3 consecutive sTTIs would result in outdated channel estimate already for moderate speeds, and should not be supported.



		Ericsson

		Yes. Sharing between 3 consecutive sTTIs works quite well in some scenarios. It also enables achieving similar DMRS overhead as legacy LTE.



		Huawei, HiSilicon

		We prefer to not support DMRS sharing among 3 consecutive sTTIs. If DMRS sharing among 3 consecutive sTTIs is supported, it may requires UE to buffer the previous two sTTIs which are the candidate positions of DMRS. Buffering DL signals of many sTTIs in this case would increase the implementation cost at UE side. Unless two DL grants are supported, it is preferred not to sharing DMRS among 3 consecutive sTTIs. In addition, the channel estimation accuracy is also impacted.



		Samsung

		Yes



		ZTE, Sanechips

		No. Agree with Nokia. 



		LGE

		It’s up to network choice. If eNB assumes channel variation is not that drastic, then DMRS sharing among 3 consecutive sTTIs may be scheduled in order to reduce DMRS overhead. 



		Qualcomm

		Yes. The performance gain of DMRS sharing across 3 sTTIs is shown in Section 4 of our contribution paper R1-1712788. Our results illustrate that the gain of reducing the DMRS overhead (lowering the coding rate) outweighs the loss due to using stale CSI.

In fact, in our view, DMRS sharing across a set of sTTIs can be mandated. In particular, we think that the DMRS overhead across the 6 sTTIs of a subframe should be the same as that of the one legacy subframe. A UE is expected to receive only one DMRS trigger across a set of sTTIs, e.g., one DMRS trigger per slot. This is no different than the 1-slot sTTI with only a 1-look DMRS.







Question 14: For 1-slot sPDSCH, what is the maximum number of supported layers? Please provide your reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		Up to 4 layers for TM9/10 could be supported

2 for TM8

8 layers for TM9/10 seems to be anyhow already from the table been agreed already in RAN1#88bis and therefore is not open any longer:

[image: ]



		Ericsson

		4 Layers. Our simulation results show that  4-layer transmission can provide higher link-level throughput in some radio channels. 



		Huawei, HiSilicon

		We prefer 4-layers to achievehigh peak data rate and spectral efficiency, and DMRS overhead is not a problem for 1-slot sPDSCH. 



		Samsung

		Up to 4 layers.



		ZTE, Sanechips

		Up to 4-layers is preferred. 



		LGE

		TM8 (only for FS2): up to 2 layers

TM9/10: up to 4 layers



		Qualcomm

		2CWs with the limitations mentioned in our response to Question 5 and the maximum of 4 layers.







Question 15: For the first 1-slot sPDSCH in subframe, which option of time domain position is supported for 1 pair DMRS? Please provide your reason(s) for your choice.

· Option 1:symbol #3 and #4 

· Option 2: symbol #5 and #6 (legacy DMRS position) 

· Option 3: symbol #2 and #3 if CFI=1,2 and symbol #3 and #4 if CFI=3 (2OS-sTTI#1)

· Option 4: none of the above.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 3: 
As this will enable MU-MIMO operation between slot &subslotsPDSCH if the frequency DMRS pattern is same for slot and sub-slot (compared to Option1) and have slightly better performance compared to Option 2 for vehicular speeds, as shown in R1-1713045. 



		Ericsson

		We support option 4, which has two DMRS pairs in each RB in frequency domain. We put these DMRS pairs on OFDM symbols #3, #4, #5, #6. 

Our study shows that in high-Doppler environments, the performance of having one DMRS pair in time domain is not satisfying. In high-Doppler environments, the receiver needs more reference signals in time domain for a proper channel estimation. As simulation results show in high-Doppler channel the DMRS pattern option 3, and 4 (which have more than one DMRS pair in time domain; for more details about DMRS patterns please see R1-1712904 [1] ) outperform other options. Among, these robust DMRS patterns, the DMRS pattern option 4 has better link-level performance in this channel.

[image: ]



BLER for one-slot TTI. EVA 60 km/h rank 2. MCS: QPSK 1/3, 16QAM 3/4, 64QAM 5/6.





		Huawei, HiSilicon

		Option 3. Compared to option 1 and 2, the benefits are the UE processing delay and the channel estimation performance.



		Samsung

		Option 2. Legacy one can be reused.



		ZTE, Sanechips

		Option 3. Considering the processing delay and the collision of DMRS and CRS, Option 3 is preferred.



		LGE

		Option 2 for less specification efforts. 

If the processing time is a concern, DMRS can be placed at the symbol #2 and #3 and fallback to option 2 when DMRS collides with legacy PDCCH region. 



		Qualcomm

		Option 2. If the legacy DMRS pattern is reused, the quality of inter-cell interference estimation is enhanced. 







Question 16: For the second 1-slot sPDSCH in subframe, which option of time domain position is supported for 1 pair DMRS? Please provide your reason(s) for your choice.

· Option 1: symbol #10 and #11

· Option 2: symbol #12 and #13 (legacy DMRS position) 

· Option 3: symbol #9 and #10 (2OS-sTTI#4)

· Option 4: None of the above. 



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 3: 
As this will enable MU-MIMO operation between slot &subslotsPDSCH if the frequency DMRS pattern is same for slot and sub-slot (compared to Option1) and have slightly better performance compared to Option 2 for vehicular speeds, as shown in R1-1713045.



		Ericsson

		We support option 4, which has two DMRS pairs in each RB in frequency domain. We put these DMRS pairs on OFDM symbols #9, #10, #12, #13. 



		Huawei, HiSilicon

		Option 3. The same reason to Q15, compared to option 1 and 2, the benefits are the UE processing delay, the channel estimation performance and collision avoidance to CRS.



		Samsung

		Option 2. Legacy one can be reused.



		ZTE, Sanechips

		Option 3. Considering the processing delay and the collision of DMRS and CRS, Option 3 is preferred.



		LGE

		Similar to response of Q15, we prefer option 2 for simplicity. Alternatively, option 3 can be adopted in order to reduce processing time and fallback to option 2 when DMRS collides with CSI-RS.  



		Qualcomm

		The same as slot0 of a subframe, our preference is to adopt Option 2 for the same reason as mentioned in our response to Question 15.







Question 17: For 1-slot sPDSCH, how many pairs of DMRS in time domain can be supported? Please provide your reason(s) for your choice.

· Option 1:1 pair

· Option 2: 2 pairs



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 1: 1 pair – as the additional overhead versus the decoding gain seems to be not attractive here. 



		Ericsson

		Option 2. For more details, please see the reponse to Q15.



		Huawei, HiSilicon

		Option 1. As sTTI WI is not targeted at the high speed scenarios in sTTI, considering the limited time, the optimization for high speed scenarios can be considered in future WI/release.



		Samsung

		Option 1.



		ZTE, Sanechips

		Option 1.



		LGE

		Option 1.



		Qualcomm

		Option 1. The same as legacy LTE, a single-look DMRS per slot should be supported to manage the overhead. At the same time, as shown during the SI, at high speeds and high MCSs, adopting a 2-look DMRS can bring significant gains. In the scenarios where this is needed, if a UE is scheduled over two consecutive sTTIs, DMRSs from both slots can be used for channel estimation.  







Question 18: For 1-slot sPDSCH with up to 2 layers, what is the frequency domain density and position for DMRS?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Same pattern as for subslot design. The motivation is orthogonal-DMRS-based MU-MIMO between sub-slot  and slot



		Ericsson

		Two pairs per RB in frequency domain. One DMRS pair on subcarrier 1, and one DMRS pair on subcarrier 10. For more details, please see the DMRS pattern in the response to Q15.



		Huawei, HiSilicon

		3 subcarriers per RB. Reuse the leacy frequency domain as the legacy 1ms PDSCH and 1-slot sPDSCH have the same DMRS overhead.



		Samsung

		Same pattern as legacy LTE.



		ZTE, Sanechips

		The one pair of DMRS is located at every other 4 REs in the frequency domain in one symbol. If no collision happens between DMRS and CRS, the frequency position is the same as legacy DMRS. Otherwise, the DMRS is shifted to the neighbouring REs in the same symbol.



		LGE

		Same as legacy (i.e., 3 REs per RB).



		Qualcomm

		For the 1-slot sTTI, there is no need to change the DMRS pattern. The legacy pattern can be used.







Question 19: For 1-slot sPDSCH with 4 layers, what is the DMRS pattern based on your answer to Q14~Q18?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		If supported, the additional OCC2 RE-pair could be added next to RE pairs of 2-layer DMRS pattern. 



		Ericsson

		Two DMRS pairs on subcarrier 1,  two DMRS pairs on subcarrier 2, two DMRS pairs on subcarrier 10, and two DMRS pairs on subcarrier 11. And this at OFDM symbols #3, #4, #5, #6 in the first slot and at OFDM symbols #9, #10, #12, #13 in the second slot.



		Huawei, HiSilicon

		Two pairs of DMRS REs in frequency domain with each pair of DMRS to support up to 2-layer.



		Samsung

		More subcarriers can be used to support up to 4 layers.



		ZTE, Sanechips

		Support 2 pairs of DMRS in the frequency domain. The pattern is like follows.







		LGE

		The additional 1 pair of DMRS REs to support 4-layers can be placed next to a pair of DMRS REs for 2-layer DMRS in frequency domain.



		Qualcomm

		Two pairs of DMRSs repeated 3 times per RB with OCC-2 in time domain can be used. 







Question 20: For DMRS of 1-slot sPDSCH, which option is supported in sTTI containing CRS?

· Option 1: Re-use the frequency shift of CRS, where the frequency shift is given by [image: ]

· Option 2: DMRS RE is shifted to the next or to the previous RE in frequency domain when colliding with CRS

· Option 3: DMRS RE is shifted in time domain to avoid collision with CRS.

· Option 4: Others. (Please provide details of your solution)



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 2 
Same as for 2OS sPDSCH in the respective TTI (of question 10) – based on our preferences to align with the 2OS sTTI of questions 15 & 16



		Ericsson

		Option 2



		Huawei, HiSilicon

		Option 1 with the same reasons to Q10.



		Samsung

		Option 2



		ZTE, Sanechips

		Option 2.



		LGE

		According to our responses to Q15 and Q16, no collision between DMRS and CRS will happen.



		Qualcomm

		If the legacy symbols are used, there is no collision between the DMRS and CRS REs.







Question 21: For DMRS of 1-slotsPDSCH, is it necessary to avoid collision with CSI-RS? If yes, how to avoid the collision with CSI-RS?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Same answer as for 2/3OS sTTI in question 11:

Consider shifting the DMRS RE also when collides with configured CSI-RS, as avoiding conflicts of CSI-RS and DM-RS through eNB configuration restrictions seems to be no practicable.



		Ericsson

		eNodeB configure the CSI-RS such that CSI-RS has no collision with DMRS.



		Huawei, HiSilicon

		From our understanding, the collision between DMRS for 1-slot sPDSCH and CSI-RS can be avoided by eNB implementation with appropriate CSI-RS configuration.



		Samsung

		It is up to eNB implementation.



		ZTE, Sanechips

		It is up to eNB's implementation.



		LGE

		If the legacy DMRS position is reused, the frequency domain shift is not needed for DMRS of 7-OS sPDSCH. As noted in our response to Q15 and Q16, option 3 can be supported (i.e., fallback to legacy DMRS pattern when collision with CSI-RS happens)



		Qualcomm

		The eNB should guarantee that the collision does not happen. 







Question 22: Is the precoding RB group for sTTI operation (sPRG size) the same for all system bandwidth or is it system bandwidth specific? Please provide reasons for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		The same for all BW and the same for 1-slotsTTI and subslotsTTI. Single value, simplifies the channel estimator implementation.





		Ericsson

		Ok to have the same for all system bandwidth.



		Huawei, HiSilicon

		Same for all system bandwidth, since it is beneficial to decrease the complexity of channel estimation.



		Samsung

		Same for all system BW.



		ZTE, Sanechips

		Neither the same for all system bandwidth or system bandwidth specific. In order to improve the perforemance, sPRG size can be configured for UE depending on UE's chanel state.



		LGE

		We are fine to have the same sPRG size for all system bandwidth.



		Qualcomm

		For the 2-symbol sTTI operation, we consider scaling up the legacy RBG size by a factor of 6; hence, the sRBG size is 12, 18, 24 and 24, respectively, for the 5, 10, 15 and 20MHz of bandwidth. In this case, the sPRG size of 3 can be considered for all mentioned system bandwidths.

For the 1-slot sTTI operation, we consider increasing the sRBG size by a factor of 2 as comapred to that of the legacy. Hence, the sRBG size is 4, 6, 8 and 8, respectively, for the 5, 10, 15 and 20MHz of bandwidth. In this case, either the sPRG size of 2 independent of the system bandwidth or bandwidth dependent sPRG size can be considered (for exsmple, 2, 3, 4 for 5, 10, 15/20 MHz.)







Question 23: Which option of the precoding RB group for sTTI operation (sPRG size) is supported? Please provide reasons for your answer.

· Option 1: 2

· Option 2: 3

· Option 3: 4

· Option 4: 6



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 2 (i.e. sPRG size of 3)



		Ericsson

		Option 1

Our study showed similar gains can be achieved with a bundling of  2 or 3 PRB. Also for the ETU channel with high dispersion, there is a bundling gain. In total, we see that the numbers used by legacy LTE, i.e. up to 3 PRB bundling, also seem suitable to use for short latency. RAN1 agreed that the sTTI design is not optimized for N_PRB <= 10.



Besides, in RAN1#90 it was decided to prioritize designing a mechanism for unused sPDCCH resources for 2/3-OS sTTI. We think that by aligning the bundling size for both sPDCCH and sPDSCH it will be possible to minimize the wasted unused sPDCCH resources. Therefore, we propose to use same bundling size of 2 for both sPDCCH and sPDSCH.





		Huawei, HiSilicon

		Option 2 or Option 4, depending on the sRBG size finally agreed.



		Samsung

		Option 4.



		ZTE, Sanechips

		sPRG can be configured from one of the set{2, 4, 6} depending on UE's chanel state. 



		LGE

		For determining sPRG size, sRBG size needs to be taken into account. As we consider Q=2 for 7-OS sTTI sPDSCH and Q=6 for 2/3-OS sTTI sPDSCH, in this sense, we prefer option 1. 



		Qualcomm

		For the 2-symbol sTTI operation, we consider scaling up the legacy RBG size by a factor of 6; hence, the sRBG size is 12, 18, 24 and 24, respectively, for the 5, 10, 15 and 20MHz of bandwidth. In this case, the sPRG size of 3 can be considered for all mentioned system bandwidths.

For the 1-slot sTTI operation, we consider increasing the sRBG size by a factor of 2 as comapred to that of the legacy. Hence, the sRBG size is 4, 6, 8 and 8, respectively, for the 5, 10, 15 and 20MHz of bandwidth. In this case, either the sPRG size of 2 independent of the system bandwidth or bandwidth dependent sPRG size can be considered (for exsmple, 2, 3, 4 for 5, 10, 15/20 MHz.)









Transmission modes configuration and fallback



Question 24: Which option is supported on transmission modes configuration of sPDSCH? Please provide your reason(s) for your choice.

· Option 1: DL transmission modes for sTTI and 1ms TTI are configured independently.

· Option 2: DL transmission modes configured to a UE applies to both PDSCH and sPDSCH.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		A flavor of Option 1:

We still think that we need to consider to have a time varying configured DL transmission mode for sPDSCH. As discussed for sPDCCH sets, the overhead of DM-RS especially for subslot operation is rather large and using CRS based transmission mode there might have some advantages in non-MBSFN subframes. In contrast, CRS based TM cannot be used for MBSFN subframes. Therefore, we might consider to have a (at least subframe type – MBSFN/non-MBSFN subframe) dependent configured TM for sPDSCH. As this is not supported for 1ms TTI, this would mean we need some independent configuration there. 

Having different TMs for sTTI and TTI brings problem with CSI-feedback. For example, if TM4 is used for TTI and TM9 for sTTI, what CSI is reported based on CRS or CSI-RS. We think that only single CSI should be reported by UE. Therefore, we propose that that separate TM can be configured for subslot, but the CSI is based on the TM configured for TTI. 





		Ercisson

		Option 2, different TM require different CSI reports. If the UE is configured with different TM, it should send two type of CSI reports one mapped to the sTTI TM and another to the legacy TM. The sTTI  CSI reports are either : 

· sent on the sTTI UCI, but that will increase control signalling overhead which is not desired

· sent on legacy PUCCH, which adds more complexity.  

Only CSI reports for according to the TM configured on legacy  are sent, which is equivalent to having the same TM for sTTI and 1ms TTI. This option will provide less accuracy as compared to sending the corresponding CSI for the sTTI TM. 



		Huawei, HiSilicon

		We preferoption 1, since independently configuring transmission modes for sTTI and 1ms TTI could maximize eNB scheduling flexibility without introducing extra complexity and signaling overhead, considering that sTTI and 1ms PDSCH have different DMRS overhead thus favor different transmission modes.

For CSI feedback, 

· two CSI processes can be defined like in CoMP, or

· only the CSI of sTTI transmission mode is feedback for simplicity.



		Samsung

		Option 1



		ZTE, Sanechips

		Option 1. Since sPDSCH and PDSCH may have different requirements/targets, the TMs should be configured independently.



		LGE

		The configuration of transmission mode for sPDSCH depends on the decision of sTTI-based CSI reporting. If sTTI-based CSI reporting is supported, then option 1 is preferable. Otherwise, different TM between 1ms TTI and sTTI seems infeasible and then option 2 can be considered. 



		Qualcomm

		Option 1. These are two different oprations with different requirements; hence, it is beneficial to configure the TMs independently.







Question 25: Which option is supported for transmission schemes within a transmission mode for sPDSCH transmission? If your choice is option2, please provide the details.

· Option 1: The same as legacy LTE, i.e. an transmission scheme corresponding the configured transmission mode, and a robust transmission scheme, such as Table 7.1-5 in TS 36.213.

· Option 2: Different from legacy LTE.



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		Option 1 with a flavor of Option 2 (i.e. different from LTE)

Although we agree to support fallback to a robust TM (which would be Option 1 as such), we still think that we need to consider to have a time varying configured DL transmission mode for sPDSCH. As discussed for sPDCCH sets, the overhead of DM-RS especially for subslot operation is rather large and using CRS based transmission mode there might have some advantages in non-MBSFN subframes. In contrast, CRS based TM cannot be used for MBSFN subframes. Therefore, we might consider to have a (at least subframe type) dependent configured TM. 



		Ericsson

		Option 1. Overhead to support two schemes is not critical. Otherwise, if robust scheme is supported only on legacy, latency becomes large each time the  UE fallbacks to the fallback transmissions scheme upon RRC reconfiguration.





		Huawei, HiSilicon

		We prefer option 1 for simplication and less standardization effort.



		Samsung

		Option 1



		ZTE, Sanechips

		Option 1.



		LGE

		Option 1. The robust transmission scheme should be also supported for sPDSCH, otherwise the latency would be increased by transmitting 1ms TTI when the eNB wants to use the fallback transmission. 



		Qualcomm

		Option 2. We have already agreed to allow for dynamic scheduling change between 1ms TTI and sTTI. The 1ms TTI operation itself supports the fallback TM. Hence, this fallback mode can be used as a fallback mode for sTTI operation as well. Therefore, in our view, there is no reason to define an additional fallback operation. In addition, without the fallback operation, the UE does not need to monitor multiple sDCI formats/sizes (as we explain in our response to Question 26, enforcing the sizes of different sDCI formats associated with different TMs is not beneficial.) Not introducing a fallback mode does not require additional standardization effort.







Question 26: Based on your answer in Q25, how to indicate the UE to performe the fallback to a robust transmission scheme?



		Company

		Views



		Nokia, Nokia Shanghai Bell 

		Based on the sDCI/sPDSCH assignment content (use a single sDCI size to reduce the blind decoding effort). This means that UE monitors for a single DCI format size used for UL, DL and DL fallback. 



		Ericsson

		1 bit flag in the DCI to differentiate between the two transmission scheme 



		Huawei, HiSilicon

		As legacy LTE, it should be indicated dynamically. This can be sDCI format size, one field in sDCI, or CRC.



		Samsung

		1 bit flag to distinguish them.



		ZTE, Sanechips

		Two sDCI formats as in the legacy TM can be used. One for fallback and the other for TM-dependent transmission scheme.



		LGE

		Depending on sDCI format as legacy. 



		Qualcomm

		Although we do not support the sTTI fallback operation, it should be noted that enforcing the sizes of different sDCI formats associated with different TMs is not recommended. As an example, the precoding information requires up to 6 bits. Enlarging the sDCI format for diversity based transmission by 6 bits is not justifiable.  







TBS



Question 27: Which option is supported to perform TBS scaling? If your answer is option2, please also provide the details.

· Option 1: The RB number to determine TBS is calculated as , where  is the RB number derived from sDCI/DCI and  is TBS scaling factor.

· Option 2: Other methods.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 2: 
Scale the TBS value to the closest smaller existing TBS value by a factor of Alpha. Scaling the PRB will lead to too large steps of the TBS sizes (as noted in our earlier contributions)



		Ericsson

		Option 2, scale the TBS value with the scaling factor α. This scaling will not be limited to a certain range of PRB, and will also not have the granularity problem as Option 1. 



		Huawei, HiSilicon

		We prefer option 1 as the legacy way in DwPTS. It can scale the sPDSCH to have similar coding rate as 1ms PDSCH.



		Samsung

		Option 1. This can easily ensure the same TBS if a UE misses an sDCI for initial transmission.



		ZTE, Sanechips

		Option 1.



		LGE

		Option 1 as legacy.



		Qualcomm

		Option 1 allows for effiecint reuse of the legacy TBS tables.







Question 28: What factors (such as number of symbols in TTI, DMRS, CRS) should be considered to determine TBS scaling factor for 1-slot sPDSCH? Please also provide the equation(s)/value(s) of the TBS scaling factor for 1-slot sPDSCH. 

		Company

		Views



		Nokia, Nokia Shanghai Bell

		Alpha=7/14 (i.e. ½) for slot sPDSCH independently of any overhead or number of usefullsPDSCH symbols



		Ericsson

		For simplicity, For 1-slot transmission a fixed scaling factor can be used 





		Huawei, HiSilicon

		Multiple scaling factors can be used fit different overhead cases, e.g., , considering 1, 2, or 3 PDCCH symbols.



		Samsung

		For simplicity, alpha can be 1/2.

If we consider more accurate situation, we can consider different values for the first slot and the second slot because the first slot includes legacy PDCCH, which is the overhead.



		ZTE, Sanechips

		TBS scaling factor for 1-slot sPDSCH can be 0.5.



		LGE

		We prefer the fixed scaling factor such as 1/2. 



		Qualcomm

		At least the PDCCH and CRS overhead should be accounted for to make sure that the code rate limit of 0.93 is not violated.







Question 29: What factors (such as number of symbols in TTI, DMRS, CRS) should be considered to determine TBS scaling factor for 2/3-symbol sPDSCH? Please also provide the equation(s)/value(s) of the TBS scaling factor for 2/3-symbol sPDSCH. 

		Company

		Views



		Nokia, Nokia Shanghai Bell

		Alpha=2/14 (i.e. 1/7) for subslotsTTI independently of any overhead or number of usefullsPDSCH symbols



		Ericsson

		



= 



sPDCCH overhead is ignored in this case.

According to the proposed DMRS configuration, the data RE range between (16, 18, 20) for 2OS and (22 and 28) for 3OS sTII. it is suboptimal to consider one alfa factor to cover all possibilities. 



		Huawei, HiSilicon

		The factors needs to be considered for TBS scaling of 2/3-symbol sPDSCH include overhead of CRS, DMRS and sPDCCH.

Multiple factors to fit different overhead cases, for example, for 2-symbol with a overhead ratio smaller than or equal to 25%, the factor is ; for 2-symbol with a overhead ratio larger than 25%, the factor is ; for 3-symbol with a overhead ratio smaller than or equal to 25%, the factor is ; for 3-symbol with a overhead ratio larger than 25%, the factor is ; wherein the overhead ratio is calculated by the RE number of overhead (CRS, DMRS, sPDCCH, etc) and the total RE in the sPDSCH.



		Samsung

		For simplicity, alpha can be 1/7.

If we consider more accurate situation, we can consider different values forsTTI length.



		ZTE, Sanechips

		TBS scaling factor for 2/3-symbol sPDSCH can be 1/6. No need to consider RS overhead for simplicity. 



		LGE

		We prefer the fixed scaling factor such as 1/7 for 2-OS and 3/14 for 3-OS. 



		Qualcomm

		In order to adopt a single scaling factor for all sTTIs, at least the CRS overhead should be accounted to meet the code rate limit of 0.93 in all sTTIs. 

Further, to meet the already challenging processing timeline, it should also be noted that the TBS determination for both 2-symbol and 3-symbol sTTIs should be kept identical, i.e., the same scaling factor should be used for both.







sPUSCH design

For reference, RAN1agreementsrelated to sPUSCHdesignare copied below.

		Related agreements related to sPUSCH design:



		Agreements:

For both 2-symbol and 1-slot sPUSCH transmission 

· Up to 2-layer transmission is supported

· FFS 4-layer is supported

An allocation based on the indication of the start and the length of allocation is supported in the UL for sPUSCH









		Related agreements related to flexible UL DMRS:



		Agreements:

For 2/3os sTTI:

· The presence (if any) and the position of the UL DMRS is given or determined by the UL grant, 

· The UL DMRS can be positioned before or within the associated sTTI



In case of 2/3os in UL, the following DMRS placement can be indicated by an UL grant in sTTI#n-x which schedules sPUSCH in sTTI n, where x is processing time configured for a PUCCH group

Note: Other combinations are FFS.

		DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n



		sTTI 0

		sTTI 1

		sTTI 2

		sTTI 3

		sTTI 4

		sTTI 5



		R D D

		R D

		R D

		R D

		R D

		R D D



		D D R

		D R

		D D

		D R

		D R

		



		

		D D

		

		D D | R

		D D

		



		

		D D | R

		

		

		D D | R

		





Note: | denotes the boundary of sTTI n









		Related agreements related to UL DMRS design:



		Agreements:

For DM-RS of sPUSCH, the followings are recommended to be supported: 

-	For the case of 1-slot TTI length, reuse the current DM-RS 

-	For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 

- At least 2 contiguous TTIs can be shared/multiplexed.



IFDMA DMRS is supported for 2-symbol based sPUSCH

· Support RPF=2

· Each comb supports up to 2 layers multiplexing for IFDMA DMRS for 2/3-symbol sPUSCH

· Support UL DMRS EPRE power boosting to maintain same transmit power for both DMRS symbol and data symbol

· No new UL DMRS sequence generation compared to PUSCH in Rel-14 (including new sequence length from eFD-MIMO)



· At least for 2-symbol based sTTI, UL DMRS position for sPUSCH is indicated by eNB

· FFS how to indicate UL DMRS position

· FFS whether or not to support fixed UL DMRS position

· For 1-slot sTTI, self-contained UL DMRS for sPUSCH is supported

· Support at least the legacy DMRS structure, where DMRS is located in the fourth symbol of the slot







· For UL transmissionfor sTTI

· TM1 and TM2 are supported



· More than 2 combs are not supported for IFDMA DMRS for 2/3-symbol sPUSCH.

· Each comb supports up to 2 layers multiplexing for IFDMA DMRS for 2/3-symbol sPUSCH.









		Related agreements related to UCI on sPUSCH:



		Agreements:

UCI transmission on sPUSCH is supported

NOTE:	The UCI herein refers to at least the ones for sTTI operations



In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUSCH

· The UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH without resuming the transmission

· The UE shall not resume the dropped/stopped transmission

· HARQ-ACK of PUSCH is transmitted on sPUSCH

· FFS on coding of HARQ-ACK and sHARQ-ACK (e.g., joint coding or separate coding)

· FFS on whether to bundle HARQ-ACK before mapping onto sPUSCH

· No requirement on the time of dropping prior to sPUSCH transmission is adopted

· CSI of PUSCH is dropped



In case of collision between PUCCH and sPUSCH in the same subframe on a given carrier for a UE

· HARQ-ACK of PUCCH is transmitted on sPUSCH

· FFS on coding of HARQ-ACK and sHARQ-ACK (e.g., joint coding or separate coding)

· FFS on whether to bundle HARQ-ACK before mapping onto sPUSCH

· CSI of PUCCH is dropped











Resource allocation and granularity

Question 30: Is resource allocation type 1 (i.e. indicating two sets of contiguous sRBGs) supported in scheduling of sPUSCH? Please provide your reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		No. As the number of PRBs allocated for sTTIs is anyhow larger than that for TTI, the gain from frequency diversity will be less.



		Ericsson

		Not needed with such high RA granualrities. 



		Huawei, HiSilicon

		Yes

Similar to the reasons of Q1, the allocated frequency-domain resources of sTTI UEs are larger than those of 1 ms TTI UEs since sTTI UEs have less time-domain resources. Therefore, in frequency selected fading channel, eNB can hardly allocate a consecutive frequency-domain resource with high channel gain for a sTTI UE. Then, to improve performance and increase flexibility of uplink resource allocation, type 1 based sPUSCH resource allocation to indicate two sets of RBGs is necessary to be supported.



		Samsung

		No with increased sRBG size.



		ZTE, Sanechips

		Slightly prefer to support RA type 1. Once the sRBG size is determined, no additional specification efforts are expected.



		LGE

		Agree with Ericsson.



		Qualcomm

		No, since it is expected to adopt a larger allocation granularity for the UL sTTI operation as compred to the legacy LTE.







Question 31: What are the resource allocation granularities (sRBG) for 2/3-OS and 1-slot sPUSCH with different channel bandwidth? Please provide your reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		The granularity can be the same as for 1-ms TTI.



		Ericsson

		the same sRBG size is used for both Type 2 DL and Type 0 UL. Refer to Q3 for possible sRBG values. 



		Huawei, HiSilicon

		Option 1 to reduce the resource allocation overhead, with the values in the following table. We slightly prefer to have the same sRBG size for 2/3-symbol and 1-slot, so that the multiplexing can be easier between slot/subslot UEs. And we also slightly prefer to have the same sRBG between different scheduling types so that with RA2, the sDCI payload size can be reduced.

		Bandwidth

(RB)

		RBG size



		

		legacy

		sTTI

type 0

		sTTI

type 1



		15

		2

		6

		4



		25

		

		

		6



		50

		3

		

		9



		75

		4

		8

		12



		100

		

		

		









		Samsung

		Same as sPDSCH scheduling as answered to Q3.



		ZTE, Sanechips

		2 or 3 times of the corresponding legacy RBG size for each system bandwidth. 



		LGE

		Same as sPDSCH (i.e., Q=2 for 7-OS sTTI sPUSCH and Q=6 for 2/3-OS sTTI sPUSCH)



		Qualcomm

		For at least the 2-symbol sTTI operation, it is essential to reduce the control overhead (as mentioned before, the evaluations provided by different companies during the SI illustrated that as the control overhead increases, the gains of enabling a shorter TTI length diminishes.) Hence, we propose to increase the allocation granularity (both for the starting position and the length of allocation) by a factor of 6.

For the 1-slot operation, the allocation granularity can be increased by a factor of 2.







Question 32: If scheduling of sPUSCH, is the starting positions are aligned with or can be not aligned with sRBG in Q30? If it can be not, then what is the granularity for starting positions?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		The granularity of starting positions can be the same as with 1-ms TTI.



		Ericsson

		Starting point aligned with RBG. 



		Huawei, HiSilicon

		We prefer that the starting positions are aligned with sRBG in Q30 to reduce the resource allocation overhead as much as possible.



		Samsung

		Starting position can be aligned.



		ZTE, Sanechips

		The starting positions are aligned with sRBG for RA type 1 in Q30.	



		LGE

		The granularity of the starting position for sTTI is the same as that for 1ms TTI



		Qualcomm

		As explained as part of our response to Question 31, in order to reduce the control overhead, the granularity of both the starting position and the length of the allocation should be increased as compared to those of the legacy LTE.







UL DMRSdesign

Question 33: For 2/3-symbol sPUSCH, is IFDMA RPF=1 supported or not (i.e., REs in DMRS symbol are all used by DMRS)?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Since RPF=2 is anyway supported, there is no clear need for supporting RPF=1 case



		Ericsson

		Not supported. To reduce the signalling overhead, it is suggested that only RPF=2 is supported for UL DMRS for sPUSCH. In this way, no extra bit is needed for indicating the RPF value, i.e., RPF=1 or RPF=2. In addition, IFDMA RPF=2 with power boosting gives the similar channel estimation performance as for IFDMA RPF=1.





		Huawei, HiSilicon

		When the sPUSCH of one UE does not overlap with another UE, then the DMRS can occupy all Res in DMRS symbol to have a better performance. Therefore, RPF=1 should also be supported.



		Samsung

		Not support due to existence of RPF=2.



		ZTE, Sanechips

		Yes. If only one UE is scheduled in a UL sTTI without sharing DMRS with other UEs , it should allow the UE use all the resources. 



		LGE

		Yes. There is no need of such restriction to avoid using all REs in DMRS symbol. 



		Qualcomm

		The maximum RPF is 2; hence, in our opinion, RPF = 1 is naturally supported. The RPF can be indicated via the UL grant.







Question 34: For 2/3-symbol sPUSCH, is 4-layer transmission supported or not? Please provide your reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		No. 4-layer transmission makes it hard to share the DMRS between different UEs. We do not see a clear need to support this.



		Ericsson

		Yes. To improve system throughput for 2/3-symbol sPUSCH.



		Huawei, HiSilicon

		We prefer 4-layers to achievehigh peak data rate and spectral efficiency.eNB scheduler can schedule the suitable number layers and DMRS sharing for the best performance.



		Samsung

		No. PAPR should be considered for DMRS port multiplexing within one symbol 



		ZTE, Sanechips

		Yes. Agree with Huawei. 



		LGE

		No. Agree with Nokia.



		Qualcomm

		We prefer to limit the maximum number of UL layers to 2. 







Question 35: If your answer to Q34 is yes, then how to perform DMRS port multiplexing to support 4-layer transmission of 2/3-symbol sPUSCH?



		Company

		Views



		Ericsson

		Support four-layer multiplexing for 2/3-symbol sPUSCH via a combination of two combs and two different cyclic shifts per comb.



		Huawei, HiSilicon

		4-layer transmission can be supported by two IFDMA combs with each comb supporting up to 2 layers.



		ZTE, Sanechips

		If RPF=1,  using 4 CDM sequences for 4-layer;

If RPF=2,  using 2 combs + 2 CDM sequences for 4-layer. 



		

		







Question 36: For 1-slot sPUSCH, is IFDMA supported for DMRS port multiplexing? If yes, what is(are) the value(s) of RPF?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Similarly as with eFD-MIMO, RPF=2 can be supported



		Ericsson

		Yes. Only support RPF=2. 



		Huawei, HiSilicon

		Share the same view with Nokia that IFDMA RPF=2 should be adopted to support MU-MIMO with different frequency allocation.



		Samsung

		Only support RPF=2.



		ZTE, Sanechips

		Yes, RPF=1/2

[image: ]

For the legacy table above, except for the columm of OCC, the other columms can be reused.



		LGE

		Yes. RPF=1 and 2 can be supported.



		Qualcomm

		For enabling MU-MIMO across different 1-slot sTTI users with partially overlapping resources, IFDMA with RPF = 2 for DMRS port multiplexing can be supported.







Question 37: For 1-slotsPUSCH, is 4-layer transmission supported or not? Please provide your reason(s) for your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Yes



		Ericsson

		Yes. To improve system throughput for 1-slot sPUSCH.



		Huawei, HiSilicon

		We prefer 4-layers to achievehigh peak data rate and spectral efficiency.



		Samsung

		Yes.



		ZTE, Sanechips

		Yes.



		LGE

		Yes.



		Qualcomm

		In our opinion, a single CW with up to 2 layers should be supported in the UL of the 1-slot sTTI operation. (Note that a single CW with up to 4 layers is not supported in legacy LTE either.)







Question 38: If your answer to Q37is yes, then how to perform DMRS port multiplexing to support 4-layer transmission?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		This can be supported similarly as in the legacy case (except for the OCC)



		Ericsson

		The same way as for the 2/3-symbol sPUSCH case. Support four-layer multiplexing for 1-slot sPUSCH via a combination of two combs and two different cyclic shifts per comb.



		Huawei, HiSilicon

		Different cyclic shifts , and/or two IFDMA combs with each comb supports up to 2 layers if IFDMA is supported.



		Samsung

		Similar to legacy LTE.



		ZTE, Sanechips

		Similar as Q35. 



		LGE

		4-layer sPUSCH can be supported exactly like legacy, e.g., by different CSs and/or different IFDMA combs. 







Question 39: Is any other DMRS and data combinations supported? If yes, please provide your reason(s) and detailed combination(s).



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Yes: the following combinations should be supported (the new ones are highlighted):

		DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n



		sTTI 0

		sTTI 1

		sTTI 2

		sTTI 3

		sTTI 4

		sTTI 5



		R D D

		R D

		R D

		R D

		R D

		R D D



		D D R

		D R

		D D

		D R

		D R

		D D – (or D D S)



		- - R

		D D

		D D | R

		D D | R

		D D

		R D – (or R D S)



		R - -

		D D | R

		D R

		D D

		D D | R

		D D R







sTTI 0: R__ and __R help in utilizing the D D option of sTTI 1

D D | R and D R in sTTI 2 and D D in sTTI 3 allow for DMRS sharing between sTTI 2 and sTTI 3

sTTI 5: D D allows for full data rate transmission in SRS subframes. Moreover, we see no need to avoid transmission of data or RS in every cell-specific SRS symbol; instead the UE could simply follow the data and DMRS indication, and depending on the eNodeB’s indication possibly also transmit data or RS in the cell-specific SRS symbol if the eNodeB so decides (e.g. when certain part of the cell-specific SRS symbol is unoccupied. 

On the other hand, if the eNodeB wants for multiplex data and/or UL DMRS with SRS in sTTI#5, it can be done by indicating either D D or R D, and the UE transmits the SRS (if configured or triggered) in the last symbols of the sTTI.



		Ericsson

		No. The supported combinations are sufficient, and both DMRS sharing and DMRS multiplexing can be supported by using the agreed combinations.



		Huawei, HiSilicon

		No. We think current DMRS and data combinations are sufficient to support different sceanrios.



		Samsung

		No. The current positions are sufficient.



		ZTE, Sanechips

		Yes. One comb can be used for DMRS, and the other comb can be used for data transmission. Compared with DMRS occupying one symbol exclusively, this combination can achieve lower code rate and better performance .



		LGE

		Yes. In sTTI#5, {D D D} can be also considered. 

For collision handling between sPUSCH (e.g., {R D D} or {D D D} in sTTI#5) and SRS, the legacy behavior can be reused. Specifically, if one of the following conditions are met, sPUSCH is not mapped on the last symbol (i.e., shortened sPUSCH). 

· If UE transmits SRS in the same subframe in the same serving cell, 

· or if the assigned UL time-and-frequency resources are overlapped with cell-specific SRS resources, 

· or if the last symbol is reserved for possible SRS transmission in a UE-specific aperiodic SRS subframe in the same serving cell, 

· or if the last symbol is reserved for possible SRS transmission in a UE-specific periodic SRS subframe in the same serving cell when the UE is configured with multiple TAGs

Otherwise, sPUSCH can be mapped on the last symbol as well. 



		Qualcomm

		The last symbol of sTTI#5 may be used for the SRS transmission, which introduces a transient period due to either the change of transmit power or the change of allocation. In such a case, the pattern of sTTI#5 is [R,D,SRS]. If this transient time is placed in the D symbol either fully or partially, the quality of the data demodulation may be impacted. Depending on the data modulation order, the data rate, etc., the impact of the transient time on the D symbol could be more pronounced. Hence, in some scenarios, it makes sense to protect the D symbol against the impacts of the transient time. Therefore, we propose to include the [D,R,D] pattern for sTTI#5.



		

		







Question 40: Which option for the indication of UL DMRS related aspects by sDCI, including cyclic shift, comb index and position?

Option 1: One field for cyclic shift, one field for comb index and one field for DMRS position pattern.

Option 2: One field for cyclic shift and DMRS position pattern, and one field for comb index.

Option 3: One field for comb index and DMRS position pattern, and one field for cyclic shift.

Option 4: One field for cyclic shift and comb index, and one field for DMRS position pattern.

Option 5: One field for cyclic shift, comb index and DMRS position pattern.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 1 is preferred unless bits DCI can be saved with some other option without compromising the flexibility



		Ericsson

		Option 4. One field of two-bits can be defined for indicating cyclic shift and comb index.



		Huawei, HiSilicon

		Slightly prefer option 5 to save sDCI bits.



		Samsung

		Option 1.



		ZTE, Sanechips

		Option 1.



		LGE

		Option 4. 2 bits for cyclic shift and comb index, 2 bits for DMRS position pattern. 



		Qualcomm

		Option 4. The CS and comb indices can be indicated jointly. However, the pattern should be indicated separately via a 2-bit field in the sDCI.







Transmission modes configuration and fallback

Question 41: Which option is supported on transmission modes configuration of sPUSCH? Please provide your reason(s) for your choice.

· Option 1: UL transmission modes for sTTI and 1ms TTI are configured independently.

· Option 2: UL transmission modes configured to a UE applies to both PDSCH PUSCH and sPUDSCH.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		We are ok with Option 2 (we suppose there is a typo in the description of option 2, should be PUSCH/sPUSCH, not PDSCH/sPDSCH)



		Ercisson

		Option 1, enables more flexibility. There is no issue with CSI reporting overhead due to TM in UL.



		Huawei, HiSilicon

		We prefer Option 1, since independently configuring transmission modes for sTTI and 1ms TTI could maximize eNB scheduling flexibility without introducing extra complexity and signaling overhead.



		Samsung

		Option 1 for flexibility.



		ZTE, Sanechips

		Option 1. Since the requirements/targets for sPUSCH and PUSCH may be different, the TMs should be configured independently.



		LGE

		Option 1 similar to sPDSCH. 



		Qualcomm

		The same as for the DL, we prefer Option 1.







Question 42: Which option is supported for transmission schemes within a transmission mode for sPUSCH transmission? If your choice is option2, please provide the details.

· Option 1: The same as legacy LTE, i.e. an transmission scheme corresponding the configured transmission mode, and a robust transmission scheme, such as Table 8-3 in TS 36.213.

· Option 2: Different from legacy LTE.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 1 (support single AP TX) but different to legacy LTE:

Frequency hopping with UL TM1 overall should not be supported (in contrast to legacy UL TM1). This leaves the only difference to TM2 (assuming the single codeword operation, compare question 44) to be the TMPI signaling where the precoder for single layer is to be indicated by the eNB (and can be freely chosen for UL TM1 by the UE).



		Ericsson

		Option 1. Overhead to support two schemes is not critical. Otherwise, if robust scheme is supported only on legacy, latency becomes large each time the  UE fallbacks to the robust transmissions scheme upon RRC reconfiguration.



		Huawei, HiSilicon

		Option 1 for simplication and less standardization effort.



		Samsung

		Option 1.



		ZTE, Sanechips

		Option 1.



		LGE

		Option 1. Similar to sPDSCH, the robust transmission scheme should be also supported for sPUSCH, otherwise the latency would be increased by transmitting 1ms TTI when the UE wants to use the fallback transmission.



		Qualcomm

		Option 2. We have already agreed to allow for dynamic scheduling change between 1ms TTI and sTTI. The 1ms TTI operation itself supports the fallback operation. Hence, this fallback mode can be used as a fallback mode for sTTI operation as well. Therefore, in our view, there is no reason to define an additional fallback operation. In addition, without the fallback operation, the UE does not need to monitor multiple sDCI formats/sizes. Not supporting a fallback mode does not bring more specification effort.







Question 43: Based on your answer in Q43, how to indicate the UE to performe the fallback to a robust transmission scheme?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		We prefer a single DCI size to be monitored by the UE for UL, DL and fallback. How the fallback (TM1 / TM2) difference is signaled may be further discussed. One option may include a differentiation flag between TM1 & TM2 to the respective two DCI formats – another option would be to include a state for ‘single AP’ (based on UE selection) in the TM2 TPMI signaling. 



		Ericsson

		1 bit flag in the DCI to differaniate between the two transmission scheme 



		Huawei, HiSilicon

		As legacy LTE, it should be indicated dynamically. This can be sDCI format size, one field in sDCI, CRC or other methods.



		Samsung

		1 bit flag can be used.



		ZTE, Sanechips

		Resuse legacy design.



		LGE

		Depending on sDCI format as legacy.



		

		







CW



Question 44: What is the maximum number of supported codewords for sPUSCH transmission? Please provide reason(s) to your answer.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Similarly as in DL, 1-CW transmission seems sufficient to keep the DCI size limited. 



		Ericsson

		Single CW in order to reduce the signaling overhead for sTTI transmissions



		Huawei, HiSilicon

		We slightly do not prefer to support single CW. Although sPDCCH payload size can be reduced with single CW, the sPUSCH performance is sacrificed and thus the system efficiency is reduced. Considering the uplink performance would be the bottleneck, the optimization should consider all channels.



		Samsung

		1 CW can be supported.



		ZTE, Sanechips

		2 codewords. Similar reason as given in Q5.



		LGE

		We are fine with one codeword sPUSCH transmission.



		Qualcomm

		To reduce the control overhead, a single CW should be supported in the UL.









TBS

Question 45: Which option is supported to perform TBS scaling? If your answer is option2, please also provide the details.

· Option 1: The RB number to determine TBS is calculated as , where  is the RB number derived from sDCI/DCI and is TBS scaling factor.

· Option 2: Other methods.



		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option2: 
Scale the TBS value to the closest smaller existing TBS value by a factor of Alpha. Scaling the PRB will lead to too large steps of the TBS sizes (as noted in our earlier contributions)



		Ericsson

		Option 2, scale the TBS value with the scaling factor α. This scaling will not be limited to a certain range of PRB, and will also not have the granularity problem as Option 1. 





		Huawei, HiSilicon

		We prefer option 1 as the legacy way in UpPTS. It can scale the sPUSCH to have similar coding rate as 1ms PUSCH.



		Samsung

		Option 1 as same as answered to Q27.



		ZTE, Sanechips

		Option 1.



		LGE

		Option 1.



		Qualcomm

		Option 1 allows for effiecint reuse of the legacy TBS tables.







Question 46: What factors (such as number of symbols in TTI, DMRS, SRS) should be considered to determine TBS scaling factor for 1-slot sPUSCH? Please also provide the equation(s)/value(s) of the TBS scaling factor for 1-slot sPUSCH. 

		Company

		Views



		Nokia, Nokia Shanghai Bell

		For 1-slot the same scaling can be used always independent of SRS etc. Alpha=1/2



		Ericsson

		For simplicity, For 1-slot transmission a fixed scaling factor can be used 





		Huawei, HiSilicon

		The factor that impacts the TBS scaling is data symbols, thus DMRS, SRS should be considered in the determination of TBS scaling factor.

Multiple scaling factors to fit different overhead cases, e.g.,  for 1-slot sPUSCH without SRS;  for 1-slot sPUSCH with SRS.



		Samsung

		For simplicity, alpha can be 1/2.



		ZTE, Sanechips

		TBS scaling factor is 0.5. 



		LGE

		We prefer the fixed scaling factor such as 1/2. 



		Qualcomm

		Since the number of REs per 1RB of a 1-slot sTTI is half the number of REs in one RB of a 1ms TTI, we propose to have .







Question 47: What factors (such as number of symbols in TTI, DMRS, SRS) should be considered to determine TBS scaling factor for 2/3-symbol sPUSCH? Please also provide the equation(s)/value(s) of the TBS scaling factor for 2/3-symbol sPUSCH. 

		Company

		Views



		Nokia, Nokia Shanghai Bell

		For 2/3-symbol sPUSCH the number of data symbols (D) should be taken into account

Alpha=num_sPUSCH_data_symbols/12 



		Ericsson 

		

· the TBS values in the specifications are calculated based on 12 () PUSCH data symbols. 

·  is the number of symbols in the sTTI

·   is equal to 1 if the sTTI is configured with SRS transmission 

 is equal to 1 if the sTTI is configured with DMRS transmission



		Huawei, HiSilicon

		The factor that impacts the TBS scaling is data symbols, thus DMRS, SRS should be considered in the determination of TBS scaling factor.

Multiple scaling factors to fit different overhead cases, e.g.,  for 1, 2, or 3 data symbols respectively.



		Samsung

		For simplicity, alpha can be 1/7.

If we consider more accurate situation, we can consider different values forsTTI length.



		ZTE, Sanechips

		Share the same view with Nokia. 



		LGE

		The TBS scaling factor can be determined according to the presence of DMRS within a sTTI such as alpha={number of data symbols for the sTTI /12}. 



		Qualcomm

		In the UL, the number of REs within 1 PRB of a 2-symbol sTTI is approximately 6 times smaller than that of the 1ms TTI. Hence, in order to reuse the existing TBS tables, the number of PRBs used for a 2-symbol sTTI operation should be divided by 6 in order to obtain the number of PRBs to be looked at in the TBS tables. As a result, we have: 

#PRB  = max( #PRB_2sym_sTTI / 6, 1).

Another important aspect to consider is that under the 2-symbol sTTI operation, there are different data and pilot configurations. First, in order to keep the processing timeline fixed, the above equation should also be used in a case a 3-symbol sTTI with 3 data symbols is also supported. When there is one data symbol and one DMRS symbol within a 2-symbol sTTI, the number of PRBs can be scaled down by an additional factor of 2 such that the effective code rate is normalized between the 1 and 2 data symbol cases. Hence, we have: 

#PRB  = max( #PRB_2sym_sTTI / 12, 1).







HARQ-ACK mapping on sPUSCH

Question 48: Which option is supported for UCI mapping on 1-slot sPUSCH? Please provide the details.

· Option 1:Re-use the legacy mapping rule (Mapping positin, puncuture or rate matching).

· Option 2: Other methods.

		Company

		Views



		Nokia, Nokia Shanghai Bell

		Option 1



		Ericsson

		Option 1, re-use legacy mapping rules.



		Huawei, HiSilicon

		Option 1.



		Samsung

		Option 1.



		ZTE, Sanechips

		Option 1.



		LGE

		Option 1. The same mapping rule as legacy is applied except that HARQ-ACK and RI are mapped on the two symbols within a slot. HARQ-ACK is mapped by puncturing UL-SCH while UL-SCH is rate-matched around other UCI(s) if supported. 



		Qualcomm

		Option 1.







Question 49: For UCI mapping on 2/3-symbol sPUSCH, what is the protection priority for HARQ-ACK, RI, PMI/CQI and data?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		The resources reserved for different types of UCI can be determined as in legacy, i.e. with separate RRC configured beta offset. For HARQ-ACK pucturing is used, and depending on the number of UCI REs required, HARQ-ACK may also puncture other UCI



		Ericsson

		Protection priority: HARQ-ACK >= RI > PMI/CQI > data.



		Huawei, HiSilicon

		In design of UCI mapping, if different UCI types have different protection level, the protection priority should be HARQ-ACK > RI >PMI/CQI > data.



		Samsung

		HARQ-ACK > RI > PMI/CQI > Data (if CSI reporting is supported)



		ZTE, Sanechips

		HARQ-ACK>RI>PMI/CQI>data



		LGE

		HARQ-ACK >= RI > CQI/PMI > Data



		Qualcomm

		HARQ-ACK = RI > PMI/CQI > data.







Question 50: What is the mapping rule (mapping position, puncture or rate matching)for UCI mapping on 2/3-symbol sPUSCH with 1 data symbol?



		Company

		Views



		Nokia, Nokia Shanghai Bell

		HARQ-ACK is mapped next to the DMRS, and other UCI is mapped in the opposite end of the data symbol. For HARQ-ACK, puncturing is used, while for other UCI, rate matching is applied.



		Ericsson

		Rate matching RI and CQI, in order, from the top of data symbol, puncturing  HARQ-ACK from the bottom of data symbol. 

In addition, depending on the data symbol location, an offset region at top or bottom is introduced when mapping UCI on sPUSCH, as shown in Figure 1.  

[image: ]

Figure 1, UCI mapping on 2-symbol sPUSCH with one data symbol.

The offset is necessary to prevent UCI performance from being affected by the power transient period of the adjacent sTTI as shown in the results included below. 

In the simulation, 2-symbol sPUSCH with a pattern of [R D] is considered, in which HARQ is mapped at the bottom of the data symbol without any offset. According to the LS from RAN4 (R4-1610953), when the sTTI next to the target sTTI is scheduled with other uplink transmissions, its power transient period will overlap with the target sTTI, as shown in Figure 2. This power transient period introduces interference to the target sTTI. As seen from the simulation results (Figure 3 and Figure 4 below), when mapping HARQ on SPUSCH without an offset, HARQ performance can not even reach the required level, that is the error rate of NACK->ACK at 0.1%.  

Simulations assumptions: Based on R4 agreements  (R4-1706098), the interference is modeled as white noise in the simulations, and it is assumed to be a linear model in dB with a transient period length of 10us. In Figure 3 and Figure 4, the HARQ performance for low and high MCS, respectively, are simulated withthree different SIR values to capture the fact that the target and interfering sTTIs may use different MCS (higher MCS would require higher Rx power).







Figure 2, Simulation model with the presence of power transient from adjacent sTTI.

[image: ]

Figure 3, Simulation results for low MCS QPSK, with harq payload of 2-bits.



[image: ]

Figure4, Simulation results for high MCS 64QAM, with harq payload of 10-bits.





		Huawei, HiSilicon

		HARQ-ACK is mapped from the bottom of the data symbolby puncturing, RI is mapped on top of PMI/CQI, both RI and PMI/CQI are mapped on top of the sPUSCH region and rate matched by data.



		Samsung

		The principle of legacy LTE mapping rule can be used as much as possible.



		ZTE, Sanechips

		HARQ-ACK is mappd from the bottom by puncturing

RI is mappd from the top by rate matching

PMI/CQI is mappd following RI by rate matching

[image: ]



		LGE

		For 2-symbol TTI comprised of 1 DMRS and 1 data symbol, the legacy mapping rule cannot be straightforwardly applied due to the lack of time domain resource. RI and CQI/PMI are also mapped on the nearest symbol to DMRS. RI and CQI/PMI can be mapped from the opposite way from HARQ-ACK mapping in frequency domain (i.e., RI and CQI/PMI mapping from the first frequency index and HARQ-ACK mapping from the last frequency index). Given that RI has higher priority than CQI/PMI, RI can be mapped from the first frequency index followed by CQI/PMI to avoid puncturing by HARQ-ACK as possible. Note that in case of 3-symbol TTI comprised of 1 DMRS, 1 data symbol, and 1 SRS symbol, the same rule can be applied. The below figure shows an example of UCI mapping on sPUSCH for 2-symbol sTTI with 1 data symbol.

[image: ]



		Qualcomm

		RI is at the top of the symbol by rate-matching, and HARQ ACK/NAK is at the bottom of the symbol which punctures the data. CQI/PMI are located at the top of the symbol and next to the RI, mapped in time-first freq.-second manner, by rate-matching.







Question 51: What is the mapping rule (mapping position, puncture or rate matching)for UCI mapping on 2/3-symbol sPUSCH with 2 data symbol? 



		Company

		Views



		Nokia, Nokia Shanghai Bell

		HARQ-ACK is mapped next to the DMRS, and other UCI is mapped in the opposite end of the other data symbol. For HARQ-ACK, puncturing is used, while for other UCI, rate matching is applied.



		Ericsson

		Rate matching CQI from top of the two data symbols, puncturing HARQ from the bottom of one data symbol which is close to DMRS, and rate matching RI from the bottom of another data symbol. In addition, as discussed in Question 50, depending on the location of the data symbols, an offset region from top or/and bottom is introduced when mapping UCI on sPUSCH to prevent UCI being affected from adjacent sTTI’s power transient period. The UCI mapping on 2/3-symbol sPUSCH with two data symbols is shown below. 

[image: ]



		Huawei, HiSilicon

		HARQ-ACK is mapped from the bottom of the data symbol close to DMRSby puncturing; RI is mapped from the bottom of another data symbol different from the symbol carryingHARQ-ACK with rate matching; PMI/CQI are mapped on top of the sPUSCH region with rate matching.



		Samsung

		The principle of legacy LTE mapping rule can be used as much as possible.



		ZTE, Sanechips

		Reuse legacy design.



		LGE

		For 3-symbol TTI comprised of 1 DMRS and 2 data symbols, the legacy mapping rule can be mostly reused. In case DMRS is front-loaded (i.e., {R D D}) or back-loaded (i.e., {D D R}), CQI/PMI is mapped in time-first frequency-second manner and RI is mapped on the second nearest symbol to DMRS from the last frequency index. The UL-SCH data is rate-matched around CQI/PMI and RI. HARQ-ACK is mapped on the nearest symbol from DMRS symbol by puncturing UL-SCH. The below figure shows an example of UCI mapping on sPUSCH for 3-symbol sTTI with 2 data symbols.

[image: ]

For 2-symbol TTI without DMRS, the following options can be considered: 

· Option 1: Assuming that DMRS is located in the previous sTTI of the sTTI without DMRS, the above UCI mapping rule can be applied. For example, HARQ-ACK is mapped on the first symbol and RI is mapped on the second symbol. 

· Option 2: Depending on the DMRS position configuration, UCI mapping rule can be determined. For example, in case of {D D} in sTTI#1, HARQ-ACK is mapped on the first symbol and RI is mapped on the second symbol by assuming that DMRS is located in the previous sTTI of the sTTI without DMRS. On the other hand, in case of {D D | R} in sTTI#1, RI is mapped on the first symbol and HARQ-ACK is mapped on the second symbol.

Option 3: UCI is not mapped onto the sTTI without DMRS. In other words, UCI is mapped onto only the sTTI with self-contained DMRS. 



		Qualcomm

		HARQ ACK/NAK is mapped to the bottom of the symbol closer to the DMRS symbol by puncturing. RI is assigned the resources at the bottom of the symbol next to HARQ ACK/NAK via rate-matching. Finally, CQI/PMI are mapped to the top of the sTTI allocation in time-first freq.-second manner by rate-matching.







Are there any other considerations you would like to share onsPDSCH and sPUSCH design?

		Company

		Views



		Nokia, Nokia Shanghai Bell

		As also noted under Q 24, we still think that we need to consider to supporta time varying configured DL transmission mode for sPDSCH. As discussed for sPDCCH sets, the overhead of DM-RS especially for subslot operation is rather large and using CRS based transmission mode might have some advantages in non-MBSFN subframes. In contrast, CRS based TM cannot be used for MBSFN subframes. Therefore, we might consider to have a (at least subframe type – MBSFN/non-MBSFN subframe) dependent configured TM for sPDSCH.



		

		



		

		



		

		







Conclusion

TBA.
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A greement:   •   The DL DMRS pattern is fixed for 2 - layer 2/3 - symbol sPDSCH.   •   Down - selected between option 1, 2, 3(X=2N+1 or X=2N, where N is  the number of  RB s ).   •   DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3 - sy mbol sPDSCH.   •   Sharing across subframes is not supported     •   FFS: Sharing across slots   •   FFS: 3 consecutive sTTIs   •   DL DMRS RE shift in frequency domain is supported when colliding with CRS RE.  
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Agreements:   •   For 7 - symbol sTTI, 8 - layer transmission is not supported for DMRS based  sPDSCH  
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