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Introduction
The objective of this email approval is to agree on the proposal in section 2, related toSPS support. In addition, the questions are listed in section 3 to collect the views of companies on details to support SPS in sTTI operation. 
The document provides a summary of the discussion, where the approved agreements are provided in section 2.1 for reference, summary of views on proposed agreements is provided in section 2.2 and summary of views on questions is provided in section 3. Proposals based on inputs in section 2 and section 3 are also provided after each proposed agreement or question.
Proposed agreements
Approved agreements
Agreements:
· SPS validation of activation/release of assignment for sPDSCH/sPUSCH is supported.
Agreements:
· UE shall monitor at least sPDCCH of sTTI#1 to #5 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH. 
· FFS UE shall monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.
Agreements:
· A UE shall validate a SPS assignment control channel for sPDSCH/sPUSCH if at least all the following conditions are met: 
· the CRC parity bits obtained for the control channel payload are scrambled with the Semi-Persistent Scheduling C-RNTI,
· the new data indicator field is set to '0'.
· FFS other conditions
Agreements:
· The 2-bit SPUCCH resource indication field is used to indicate one of the four resources/resource groups configured by higher layer as the sPUCCH resource for HARQ-ACK feedback to SPS sPDSCH.
Agreements:
· In case of collision between SPS PUSCH and SPS sPUSCH in the same subframe on a given carrier, The UE shall transmit SPS sPUSCH transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmited via SPS sPUSCH. 
· CSI of SPS PUSCHis dropped.
Agreements:
· In case of collision between SPS PUSCH and non-SPS sPUSCH in the same subframe on a given carrier, the UE shall transmit non-SPS sPUSCH transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmitted via non-SPS sPUSCH. 
· CSI of SPS PUSCH is dropped
· FFS on collision handling between SPS PUSCH and non-SPS sPUCCH in the same subframe on a given carrier
Agreements:
· In case of collision between non-SPS PUCCH and SPS sPUSCH in the same subframe on a given carrier, the UE shall transmit SPS sPUSCH transmission and drop/stop non-SPS PUCCH transmission
· HARQ-ACK of non-SPS PUCCH is transmitted via SPS sPUSCH. 
· CSI of non-SPS PUCCH is dropped.
Agreements:
· The SPS intervals for sPDSCH/sPUSCH can be 1 sTTI minimally and 40ms maximally 
· FFS on exact list of SPS intervals
· Send RAN2 LS to indicate the agreements of support on SPS validation for sTTI traffic and SPS intervals.

Discussion on proposed agreements
According to the LS from RAN2 to RAN1[1], RAN2 has achieved following agreements
	Agreements:
-	RAN2 sees benefits to support SPS for short TTI
-	Same LCP restriction as dynamic grant will apply for SPS grant.   
-	sTTI SPS intervals are configured by RRC. New sTTI-based interval values are introduced. The minimum value of 1 sTTI is supported.  Other values are FFS.  
-	In DL/UL SPS with asynchronous HARQ, the HARQ process ID is derived from the sTTI-number (index of sTTI within subframe).  Details are FFS
-	Send LS to RAN1 to indicate RAN2 desire to support SPS and agreements.  Ask the feasibility of SPS activation/deactivation for sTTI


RAN1 has discussed the support of SPS, and has not identified any technical concern on the support of SPS. Therefore, in LS to RAN2 [2], RAN1 has stated that:
RAN1 has discussed the support of SPS andconsiders that it is feasible to support SPS activation/deactivation for sTTI from RAN1 point of view. 
Considering that RAN2 has identified to support SPS for sTTI and desires to support it, and RAN1 has not identified any technical concern on supporting SPS, the following agreement is proposed:
Proposed agreement 1:
SPS validation of activation/release of assignment for sPDSCH/sPUSCH is supported.
	Company
	Views

	Ericsson 
	Agree

	ZTE, Sanechips
	Agree

	Huawei, HiSilicon
	Agree

	Nokia, NSB
	Agree at least for UL / sPUSCH, if time allows for this in this WI. For DL/sPDSCH the motivation and the use cases are not quite clear.

	LGE
	Agree if time allows. 

	Qualcomm
	Agree.

	Motorola Mobility, Lenovo
	Agree



Questions on SPS details
SPS validation
Question 1: Which channel(s) is(are) monitored by UE for validation of a Semi-Persistent Scheduling assignment?
· Option 1: PDCCH and sPDCCH.
· Option 2: Only PDCCH.
· Other options, please also provide the details.
	Company
	Views

	Ericsson
	We slightly prefer option 1. If same DCI length is used for SPS and dedicated grants then SPS will not require additional blind decoding on sPDCCH. 

	ZTE, Sanechips
	Option 1. Share with Ericsson. 

	Huawei, HiSilicon
	Slightly prefer option 2. To reduce the number of blind decodes and signaling overhead, we prefer to transmit sDCI scrambled with SPS C-RNTI only in PDCCH.

	Nokia, NSB
	Option 1. If the same sDCI size is used with just a different RNTI, this will not increase the BDs for the UE. Moreover, if we are hunting for latency then also fast SPS signaling is needed here. 

	LGE
	Not sure if we understand the question correctly. 
Our preference is that SPS with 1ms TTI is activated/released by DCI while SPS with sTTI is activated/released by sDCI. 

	Qualcomm
	Option 1 with the same undesratnding as LGE’s. 

	Motorola Mobility, Lenovo
	We think at least sPDCCH should be monitored for sTTI-SPS opeation. 
In our view, whether PDCCH (associated with sDCI) should be monitored or not, may depend on decisions regarding sDCI for SPS, and also whether SPS and sSPS can be active at the same time.  



Summary of the views on question 1:
As we have achieved agreement with following FFS, only the views on the FFS are summarized.
· FFS UE shall monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.
11 companies responded to this question:
· 9 companies (Ericsson, ZTE/Sanechips, Huawei/HiSilicon, Nokia/NSB, LGE, Qualcomm) prefer that UE should also monitor PDCCH of sTTI0 for SPS sDCI.
· 2 companies (Motorola Mobility/Lenovo) thinks that whether SPS sDCI in PDCCH is monitored or not needs further discussion, depending on other aspects. 
Based on majority view, the following proposal is made to move forward:
Proposal 1: In addition to sPDCCH in other sTTIs, UE shall also monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.

Question 2: Do you agree that a UE shall validate a SPS assignment control channel if all the following conditions are met? If not, please provide your condition(s) and reason(s).
· the CRC parity bits obtained for the control channel payload are scrambled with the Semi-Persistent Scheduling C-RNTI,
· the new data indicator field is set to '0'.
	Company
	Views

	Ericsson
	Agree

	ZTE, Sanechips
	Agree

	Huawei, HiSilicon
	Yes, this is the same as the legacy behavior and there’s no reason to change it.

	Nokia, NSB
	Agree

	LGE
	Agree

	Qualcomm
	Agree, but besides these two conditions, the other special fields in the sDCI for activation or release should be accounted for.

	Motorola Mobility, Lenovo
	Agree  



Question 3: What are the Special fields for Semi-Persistent Scheduling Activation control channel Validation?
	Company
	Views

	Ericsson
	The fields that are not needed for SPS operation can be used for activation/deactivation validation such as (HARQ, RV). This depends on the fields that are finally included in the sDCI


	ZTE, Sanechips
	TPC command for scheduled sPUSCH(UL sDCI):set to '00'
Cyclic shift DM RS(UL sDCI): set to '000'
Modulation and coding scheme For the enabled transport block:MSB is set to '0'
Redundancy version for the enabled transport block:set to '00'
HARQ process number: All the bits are set to be 0

	Huawei, HiSilicon
	The principle is that the unused fields are set to 0, therefore, the TPC, DMRS related fields, MSB of MCS (if TBS is not increased compared to legacy), RV, HARQ process number, occupied sPDCCH resource and DMRS position/pattern can be set to 0.

	Nokia, NSB
	Clearly unused fields could be set to 0
But we might need some more discussions/decisions on what we try to enable with the sTTI SPS here as the use-cases are rather different compared to SPS operation envisioned in Rel. 8 (i.e. where VoIP has been the main use case). 
Some topics having an inpact here:
· Do we enable also high(est) MCS for SPS (Question 4A)
· If not just latency, but also spectral efficiency is an issue – would we enable SU-MIMO SPS operation (related to TPMI, DM-RS related)
· Do we enable shared resources for SPS sTTI operation (Question  

	LGE
	Considering the current situation that sDCI contents are not settled yet, a bit difficult to define special fields for SPS activation or release. At least the following fields can be taken into account for sTTI SPS activation:
TPC command for scheduled sPUSCH (in UL sDCI): set to ‘00’
Cyclic shift DM RS (in UL sDCI): set to ‘000’
Moduation and coding scheme (in both UL and DL sDCI): MSB is set to ‘0’
HARQ process number (in both UL and DL sDCI): set to all ‘0’s
RV (in both UL and DL sDCI): set to ‘00’

	Qualcomm
	Number of HARQ processes, MSB of MCS, RV, TPC for PUSCH, Cyclic shift for DMRS, reuse indication fields are all set to 0. The final list is dependent on the final contents of sDCI. 

	Motorola Mobility, Lenovo
	Can be decided once the sDCI fields finalized. 



Question 4: What are the Special fields for Semi-Persistent Scheduling Releasecontrol channel Validation?
	Company
	Views

	Ericsson
	The fields that are not needed for SPS operation can be used for activation/deactivation validation such as (HARQ, RV). This depends on the fields that are finally included in the sDCI

	ZTE, Sanechips
	TPC command for scheduled sPUSCH(UL sDCI):set to '00'
Cyclic shift DM RS(UL sDCI): set to '000'
Modulation and coding scheme: All the bits are set to be 1
Redundancy version:  set to '11'. 
Resource block assignment: All the bits are set to be 1
HARQ process number: All the bits are set to be 0

	Huawei, HiSilicon
	The principle is that the unused fields except RB assignment and MCS are set to 0, and RB assignment and MCS are set to all 1 to distinguish with SPS Activation sDCI. Therefore, the TPC, DMRS related fields, RV, HARQ process number, occupied sPDCCH resource and DMRS position/pattern can be set to 0.

	Nokia, NSB
	Similar points here as in the previous question. It is yet too early to say until the basic contents of the sDCI are clear and we know the flexibility we intend to support for SPS sTTI operation.

	LGE
	Also early to define something, but the following fields can be taken into account for sTTI SPS release:
TPC command for scheduled sPUSCH (in UL sDCI): set to ‘00’
Cyclic shift DM RS (in UL sDCI): set to ‘000’
Moduation and coding scheme (in both UL and DL sDCI): set to all ‘1’s
HARQ process number (in both UL and DL sDCI): set to all ‘0’s
RV (in both UL and DL sDCI): set to ‘00’
Resource block assignment (in both UL and DL sDCI): set to all ‘1’s

	Qualcomm
	TPC, Cyclic shift for DMRS and MCS are set to 1. RV, resource block assignment, HARQ process number, TPC, CS for DMRS,  sPDCCH reuse fields are set to 0.

	Motorola Mobility, Lenovo
	Can be decided once the sDCI fields finalized. 



Summary of the views on questions 3 and 4:
11 companies responded to this question:
· 5 companies (Ericsson, Huawei/HiSilicon, Nokia/NSB) mentioned the principle that unused field for SPS are used for activation/release.
· 6 companies (ZTE/Sanechips, Huawei/HiSilicon, LGE, Qualcomm) give examples that at least MCS and RB assignment fields are set to 1 for SPS release to distinguish with SPS activation.
· 6 companies (Ericssion, Nokia/NSB, LGE, Motorola Mobility/Lenovo) thinks the decision depends on the final sDCI contents. 
Based on majority view, and following the legacy behavior, the following proposal is made:
Proposal 2: The unused field for SPS operation are set for validation of SPS activation/release
· At least MCS and RB assignment fields are set to all ‘1’ in sDCI for SPS release. 

Question 4A:Is the most significant bit of the modulation and coding scheme field (MCS) in the activation grant fixed to zero in case of SPS operation on sTTI ?
	Company
	Views

	Ericsson 
	No. Unlike legacy SPS activation, the most significant bit (MSB) of modulation and coding scheme field (MCS) should not be fixed to zero. The eNB can choose any possible MCS index. 

	ZTE, Sanechips
	Yes. We do not see the motivation to change the legacy SPS operation. 

	Huawei, HiSilicon
	We are open to this, but maybe allocating too large bandwidth to SPS traffic is not a typical configuration.

	Nokia, NSB
	No reason to restrict the use of higher MCSs for latency critical services.

	LGE
	Yes. We see no strong motivation to change the legacy SPS operation. 

	Qualcomm
	Yes. There is no reason for changing it.

	Motorola Mobility, Lenovo
	Yes 



Summary of the views on question 4A:
11 companies responded to this question:
· 3 companies (Ericsson, Nokia/NSB) prefers that MSB of MCS is not fixed to zero.
· 6 companies (ZTE/Sanechips, LGE, Qualcomm, Motorola Mobility/Lenovo) prefers that MSB of MCS is fixed to zero.
Based on majority view, the following proposal is made to move forward:
Proposal 3: The most significant bit of the modulation and coding scheme field (MCS) in the sDCI for SPS activation is fixed to zero.

sPUCCH related to SPS transmission
Question 5: Which option is support for the indication of sPUCCH resource to sPDSCH in SPS operation?
· Option 1: The 2-bit SPUCCH resource indication field to indicate one of the four resources/resource groups configured by higher layer.
· Option 2: TPC command for PUCCH field to indicate one of the four resources/resource groups configured by higher layer.
· Other options, please also provide the details.
	Company
	Views

	Ericsson
	Option 1

	ZTE, Sanechips
	Option 1

	Huawei, HiSilicon
	Option 1

	Nokia, NSB
	Option 1. 

	LGE
	Option 1

	Qualcomm
	Option 1.

	Motorola Mobility, Lenovo
	Option 1



Question 6: How to perform power control of sPUCCH corresponding to sPDSCH in SPS operation?
	Company
	Views

	Ericsson
	reuse the content of DCI format 3/3A also for sTTI. The bits for a given UE in DCI format 3/3A could simply apply to both 1ms TTI SPS and sTTI SPS.

	ZTE, Sanechips
	Like legacy PUCCH corresponding to PDSCH in SPS operation.

	Huawei, HiSilicon
	Use the TPC command for sPUCCH in the SPS activation sDCI.

	Nokia, NSB
	Follow the legacy procedure for SPS TPC

	LGE
	The simplest way is to follow the legacy power control of SPS by using sDCI format 3/3A also for sTTI SPS operation. However, as there is no common search space, it is not that straightforward to send TPC command via sDCI. 
If we are to support sharing TPC between 1ms and sTTI SPS by using DCI format 3/3A, how this would work in practice is questionable considering the motivation when we adopt separate closed-loop power adjustement with separate TPC commands between 1ms TTI PUSCH/PUCCH and sTTI sPUSCH/sPUCCH. 
So, one approach is to send TPC command for sTTI by using DCI format 3/3A and which TPC value will be used for which TTI length channel is configured to each UE by higher-layer signaling. Alternatively, the separate TPC-PUSCH-RNTI/TPC-PUCCH-RNTI can be defined for sTTI SPS operation. 

	Qualcomm
	The same as the legacy, the power control for sTTI SPS should be done via the legacy PUCCH format 3/3A. Since the closed-loop UL power of the legacy and sTTI should be controlled separately, a new tpc-Index can be added to the TPC-PDCCH-Config IE to point to the right location within the sequence of TPC commands. Further, the UL power of the regular scheduling based sTTI and SPS sTTI should be controlled separately. In particular, for the former case, only the TPC in sDCI is used, while for the latter case, the TPC command of legacy DCI format 3/3A is used.

	Motorola Mobility, Lenovo
	[bookmark: _Hlk495400107]Follow agreed: For sPUCCH, only the TPC from sDCI is considered.



Summary of the views on question 6:
11 companies responded to this question:
· 7 companies (Ericsson, ZTE/Sanechips, Nokia/NSB, LGE, Qualcomm) prefers to follow legacy procedures to reuse DCI format 3/3A.
· 4 companies (Huawei/HiSilicon, Motorola Mobility/Lenovo) prefers to use TPC in sDCI.
Based on majority view, the following proposal is made to move forward. In addition, some leftover issues can be forseen such as the processing timing of DCI format 3/3A for sTTI operation, whether re-use the TPC bits between sTTI and 1ms TTI.
Proposal 4: The TPC in DCI format 3/3A is considered in the power control of sPUCCH corresponding to sPDSCH in SPS operation. FFS the processing timing of DCI format 3/3A in sTTI operation. FFS whether to re-use the TCP bits of DCI format 3/3A between sTTI and 1ms TTI.

Collision handling
Question 7: In case of collision between SPS PUSCH and SPS sPUSCH in the same subframe on a given carrier, do you agree the following UE behavior? Otherwise, please provide your detailed proposal.
· The UE shall transmit SPS sPUSCH transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmited via SPS sPUSCH. 
· CSI of SPS PUSCHis dropped.
	Company
	Views

	Ericsson
	Yes

	ZTE, Sanechips
	Yes

	Huawei, HiSilicon
	Yes

	Nokia, NSB
	Yes

	LGE
	Yes

	Qualcomm
	Yes.

	Motorola Mobility, Lenovo
	Yes assuming SPS PUSCH and SPS sPUSCH can be active at the same time. 



Question 8: In case of collision between SPS PUSCH and non-SPS sPUSCH/sPUCCH in the same subframe on a given carrier, do you agree the following UE behavior? Otherwise, please provide your detailed proposal.
· The UE shall transmit non-SPS sTTI transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmited via non-SPS sPUSCH. 
· CSI of SPS PUSCH is dropped.
	Company
	Views

	Ericsson
	Yes

	ZTE, Sanechips
	Yes

	Huawei, HiSilicon
	For SPS PUSCH and non-SPS sPUSCH collision, agree the above UE behavior.
For SPS PUSCH and non-SPS sPUCCH collision, we do not agree the above UE behavior. The UE should drop/stop SPS PUSCH and transmit sPUCCH if the sPUCCH is on the 1st sTTI, while piggybacking sHARQ-ACK on PUSCH if the sPUCCH is on a later sTTI. Similar to our views for the collision between non-SPS PUSCH and non-SPS sPUCCH.

	Nokia, NSB
	For a collision between SPS PUSCH and non-SPS sPUSCH, the proposal is fine.
For a collision between SPS PUSCH and non-SPS sPUCCH, the HARQ-ACK should be punctured into SPS-PUSCH in the corresponding symbols
The solution should in the end be the same as for collision between non-SPS PUSCH and non-SPS sPUSCH/sPUCCH

	LGE
	Yes

	Qualcomm
	Yes.

	Motorola Mobility, Lenovo
	Yes 



Summary of the views on question 8:
The collision between SPS PUSCH and non-SPS sPUSCH has been agreed. Therefore, only the views on collision between SPS PUSCH and non-SPS sPUCCH are summarized.
11 companies responded to this question:
· 7 companies (Ericsson, ZTE/Sanechips, LGE, Qualcomm, Motorola Mobility/Lenovo) prefers to drop/stop SPS PUSCH.
· 4 companies (Huawei/HiSilicon, Nokia/NSB) prefer to conserve the SPS PUSCH transmission as much as possible while non-SPS sPUCCH transmission is guaranteed.
Based on majority view, the following proposal is made to move forward:
Proposal 5: In case of collision between SPS PUSCH and non-SPS sPUCCH in the same subframe on a given carrier, the UE shall transmit non-SPS sPUCCH transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmitted via non-SPS sPUCCH. 
· CSI of SPS PUSCH is dropped

Question 9: In case of collision between non-SPS PUSCH/PUCCH and SPS sPUSCH in the same subframe on a given carrier, which option is supported?
· Option 1: The UE shall transmit SPS sPUSCH transmission and drop/stop non-SPS 1ms TTI transmission. 
· HARQ-ACK of non-SPS PUSCH/PUCCH is transmited via SPS sPUSCH. 
· CSI of non-SPS PUSCH/PUCCH is dropped.
· Option 2: The UE shall transmit non-SPS 1ms TTI transmission and drop/stop SPS sPUSCH transmission. 
· UCI of SPS sPUSCH is transmited via non-SPS 1ms TTI. Details FFS
	Company
	Views

	Ericsson
	Option 1

	ZTE, Sanechips
	Option 1 at least for the collision between non-SPS PUCCH and SPS sPUSCH.
As for the collision between non-SPS PUSCH and SPS sPUSCH, we are fine with either option 1 and option 2. 

	Huawei, HiSilicon
	Option 1 is preferred. Similar rule as non-SPS sPUSCH and non-SPS 1ms TTI collision. If the UE is transmitting SPS sPUSCH, then the HARQ-ACk of non-SPS 1ms TTI will be piggybacked on sPUSCH. If the UE is not transmitting SPS sPUSCH on the configured resources, then the 1ms TTI is transmitted.

	Nokia, NSB
	For non-SPS PUSCH, Option 2. 
For non-SPS PUCCH, Option 1

	LGE
	Option 1.

	Qualcomm
	Option 1.

	Motorola Mobility, Lenovo
	Option 1



Summary of the views on question 9:
The collision between non-SPS PUCCH and SPS sPUSCH has been agreed. Therefore, only the views on collision between non-SPS PUSCH and SPS sPUSCH are summarized.
11 companies responded to this question:
· 7 companies (Ericsson, Nokia/NSB, LGE, Qualcomm, Motorola Mobility/Lenovo) prefers option 1.
· 2 companies (Nokia/NSB) prefer option 2.
· 2 companies (ZTE/Sanechips) are fine with option 1 or option 2
Based on majority view, the following proposal is made to move forward:
Proposal 6: In case of collision between non-SPS PUSCH and SPS sPUSCH in the same subframe on a given carrier, the UE shall transmit SPS sPUSCH transmission and drop/stop non-SPS PUSCH transmission
· HARQ-ACK of non-SPS PUSCH is transmitted via SPS sPUSCH. 
· CSI of non-SPS PUSCH is dropped.


DMRS for sPDSCH/sPUSCH scheduled by SPS
Question 10: For DL SPS with periodicity of 1 sTTI (if supported), which option do you support on DL DMRS shaing among 2 consecutive sTTIs for sPDSCH transmission?   
· Option 1: No DMRS sharing for DL SPS, and the 1-bit DMRSindication field in DL sDCI for DL SPS is set to '0' for validation. Every sTTI contains DMRS for DMRS-based sPDSCH transmission. 
· Option 2: Using 1-bit DMRS indication field in DL sDCI for DL SPS. The 1 bit is to indicate the DMRS pattern within two consecutive sTTIs, e.g. 
Table 1  DMRS pattern within two consecutive sTTIs for DL SPS
	DMRS pattern

	R|R

	R|D


Note: | denotes the boundary of sTTI. wherein 'R' denotes a sTTI with DMRS and 'D' represents a sTTI has no DMRS.
· Option 3: None of above (Please provide your detailed design)
	Company
	Views

	Ericsson
	Option 2 

	ZTE, Sanechips
	Option 2. It is beneficial to support DMRS sharing for DL to reduce the RS overhead. Once one of the DMRS pattern defined in table 1 is indicated by 1-bit in SPS-sDCI, the pattern would be used for every two sTTI starting from the activated sTTI. 
If pattern ' R|D ' is configured, and only the second sTTI ('D' without DMRS) has sPDSCH to be transmitted in every two sTTI, this sTTI could fall back to 'R', i.e., a sTTI with DMRS. 

	Huawei, HiSilicon
	Option 3. If the 1 DL sTTI SPS is configured, then the DMRS pattern can be fixed as {R, D, R, D…} from the sTTI transmitting the SPS activation sDCI.

	Nokia, NSB
	Option 1 if DL SPS is supported (where we don’t see a motivation for) .
The DM-RS overhead is not that big of an issue regarding the overall inefficiencies of DL SPS operation and the sharing itself would only be possible anyhow for a periodicity of 1 sTTI. So the advantage is of question to us. 
Moreover, assuming transmission skipping also for SPS sPDSCH and the UE missing the first transmission, it will have a wrong assumption on the DM-RS being present in the other, paired DL sTTI as well as I guess the DM-RS sharing would only be in place in case both sTTIs are intented for a specific UE. Would be nice if companies supporting DM-RS sharing for SPS sPDSCH would clarify how to solve this problem in here (i.e. can the UE assume its own DM-RS being present in every second, or what is the overall operation assumption in here). 

	LGE
	Option 3. Assuming this question is about subslot DMRS-based sPDSCH, 1 bit can indicate whether DMRS will be shared between 2 consecutive sTTIs. From the beginning sTTI for DL SPS, sTTI with DMRS will be placed and followed by sTTI without DMRS, and they will alternate.   

	Qualcomm
	Option 3. For the case of subslot SPS with 1-sTTI periodicity, starting from the activating sTTI, every other sTTI has DMRS.

	Motorola Mobility, Lenovo
	Option 1



Summary of the views on question 10:
11 companies responded to this question:
· 4 companies (Ericsson, ZTE/Sanechips, LGE) prefer to use 1 bit in sDCI to indicate DMRS sharing.
· 4 companies (Nokia/NSB, Motorola Mobility/Lenovo) prefer to not support DMRS sharing for SPS with 1 sTTI periodicity.
· 3 companies (Huawei/HiSilicon, Qualcomm) prefer to always have DMRS sharing that sPDSCH with DMRS are placed every other sTTI.
Based on the inputs, the following proposal is made to move forward:
Proposal 7: For DL SPS in subslot TTI with periodicity of 1 sTTI, RAN1 down-select between following options for DMRS sharing:
· Option 1: No DMRS sharing for DL SPS, and the 1-bit DMRSindication field in DL sDCI for DL SPS is set to '0' for validation. Every sTTI contains DMRS for DMRS-based sPDSCH transmission. 
· Option 2: Using 1-bit DMRS indication field in DL sDCI for DL SPS to indicate DMRS sharing. 
· Option 3: DMRS is transmitted every other sTTI from the sTTI transmitting sDCI for SPS activation.

Question 11: For UL SPS with periodicity of 1 sTTI (if supported), which option do you support on UL DMRS sharing for sPUSCH transmission? 
· Option 1: No DMRS sharing for UL SPS, and the 2-bit DMRS position field in UL sDCI for UL SPS is set to '00' for validation. The defaulDMRS pattern is defined as follows.
	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



· Option 2: Using 2-bit DMRS position field in UL sDCI for UL SPS. The 2 bit is to indicate the DMRS pattern within two consecutive sTTIs, e.g. 
Table 2  DMRS pattern within two consecutive sTTIs for UL SPS
	DMRS pattern

	RD_|RD_

	RD_|DD

	_DR|DD

	DD|RD_


Note: | denotes the boundary of sTTI n. wherein 'R' represents DMRS symbol and 'D' represents data symbol. '_' denotes a data symbol for 3-symbol sTTI while not available for 2-symbol sTTI. 
· Option 3: None of above (Please provide your detailed design)
	Company
	Views

	Ericsson
	We are OK with Option 1. 
The fact that the UE is configured with 1 sTTI periodicity does not mean the UE will send in every sTTI. The UE transmits only when there is data in buffer otherwise skips padding. It is not clear how Option 2 would work if the UE transmits for 1 or even 3 consecutive sTTIs. does it fall back to RD_  for the single sTTI in case of row 1,2 and 4, and fall back to _DR in case of row 3?
For example if the UE transmits in the sTTI #1 only, how would the DMRS pattern look if row 4was configured ?RD ?
Then if UE transmits on sTTI #1 and 2. Then pattern is DD|RD
Thereby, the eNB should detect between two different patterns which adds complexity. 


	ZTE, Sanechips
	Sligyly prefer Option2 .
It is beneficial to support DMRS sharing for UL to reduce the RS overhead. Once one of the DMRS pattern defined in table 2 is indicated by 2-bit in SPS-sDCI, the pattern would be used for every two sTTI starting from the activated sTTI. 
Similar as DL, If pattern in Row 2 or Row 3 is configured, and only the second sTTI ('DD' without DMRS) has sPUSCH to be transmitted in every two sTTI, this sTTI could fall back to ' RD_' or '_DR ' for  Row 2 or Row 3 respectively. 
For pattern in Row 4, the DMRS pattern of the first sTTI is regarded as 'DD|R'. Then, no fall back is needed as Row 2 and Row 3.  

	Huawei, HiSilicon
	We prefer option 1, share the same view with Ericsson.

	Nokia, NSB
	Option 1 is too restrictive, since in 4/6 sTTI there is just one data symbol available. Instead, DMRS sharing should be allowed. E.g. using the highlighted combinations, one can easily have 4/6 sTTIs with 2 data symbols.
It is however too earlty to conclude the detailed signaling until the discussions on UL DMRS have converged.
	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
	




	LGE
	We are fine with option 1. If DMRS sharing is to be allowed for UL sTTI SPS especially in subslot operation, then some fixed pattern per sTTI would be feasible since dynamic signaling is not available here. For example, the following table, which is based on the combinations of current agrred DMRS position patterns, can be taken into consideration:
	
	sTTI 0 
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	00 (no sharing)
	R D D
	R D
	R D
	R D
	R D
	R D D

	01
	D D R
	D D
	D D
	R D
	D D | R
	R D D

	10
	R D D
	D R 
	D D 
	D R 
	D D 
	R D D

	11
	R D D
	D D | R
	R D 
	D D | R
	R D 
	R D D 




	Qualcomm
	Option 2. On the pattern, we agree with Nokia that it can be finalized when the UL DMRS discussions are concluded.

	Motorola Mobility, Lenovo
	Option 1



Summary of the views on question 11:
11 companies responded to this question:
· 6 companies (Ericsson, Huawei/HiSilicon, LGE, Motorola Mobility/Lenovo) prefer to use 1 bit in sDCI to indicate DMRS sharing.
· 5 companies (ZTE/Sanechips, Nokia/NSB, Qualcomm) prefer to support UL DMRS sharing.
Based on the inputs, the following proposal is made:
Proposal 8: For UL SPS in subslot TTI with periodicity of 1 sTTI, RAN1 down-select between following options for DMRS sharing:
· Option 1: No DMRS sharing for UL SPS, and the 2-bit DMRS position field in UL sDCI for UL SPS is set to '00' for validation. The default DMRS pattern is defined as follows.
	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



· Option 2: Using 2-bit DMRS position field in UL sDCI for UL SPS to indicate the DMRS pattern within two consecutive sTTIs. 

SPS resource configuration
Question 12:Does UL SPS sTTI support contention based access, i.e. assigning  overlapping frequency resources to different UEs ? 
	Company
	Views

	Ericsson 
	for sTTI, given the large resource allocation granularity very limited number of UEs can be configured with non-overlapping resources over the whole bandwidth. At low load situations, where latency matters the most and the contention is minimum, it might be beneficial to allocate the same UL resources to multiple UEs. In this situation assigning different DMRS CS for different UEs can help the eNB differentiate the transmissions of the UEs.

	ZTE, Sanechips
	No. For sTTI, it may have no time to define contention based access considering lots of issues not been discussed before. We can further consider contention based access in LTE URLLC.

	Nokia, NSB
	Yes, overlapping allocations should be supported. SPS should allow for UE specific assignment of Cyclic shifts of UL DMRS. Other than that it does not seem like specific means for supporting contention based transmission are needed. Collision resolution can be left up to eNB implementation (if eNB decides to configure overlapping resources for different UEs).

	LGE
	Given the time we have, to be realistic, it is questionable whether we can make the relevant decisions sufficiently in order to support contention based access. This may be further discussed in LTE URLLC if found as essential/necessary. 

	Qualcomm
	Yes. However, the CS for DMRS field should still be set to 0 for activation/release validation. Instead, the CS for DMRS can be indicated to the UE as part of the SPS configuration. 

	Motorola Mobility, Lenovo
	We prefer to discuss it in LTE URLLC if needed



Summary of the views on question 12:
9 companies responded to this question:
· 4 companies (Ericsson, Nokia/NSB, Qualcomm) prefer support contention based access for UL SPS.
· 5 companies (ZTE/Sanechips, LGE, Motorola Mobility/Lenovo) prefer to further study in LTE URLLC.
Based on the majority view, the following proposal is made:
Proposal 9: Further study contention based access for UL SPS in LTE URLLC.

Question 13: From RAN1 point of view, what SPS intervals can be supported in sTTI operation ? 
	Company
	Views

	Huawei, HiSilicon
	It seems that there is no reason to not use any certain SPS intervals/periodicities from RAN1 point of view. Therefore, the interverls can include the values from 1 sTTI to 10ms.

	Ericsson
	In the following we derive the following requirements on SPS values for 2os sTTI and 7os sTTI, respectively:
· Minimum value of sTTI1 for best latency gains 
· For multiplexing of users within a subframe, sTTI2 should be supported for 7os, and additionally sTTI6 for 2os.
· To provide some further multiplexing option among subframes for 7os, also sTTI4 should be supported
· The HARQ RTT with 2os sTTI will be 8 * 2os sTTI or 12 * 2os sTTI. Allowing an SPS configuration with HARQ process only, with SPS intervals aligned with subframes, due to the HARQ RTT, the SPS intervals of sTTI8 and sTTI12 should be supported. 
· For VOIP, SPS values of 10ms, 20ms, 40ms are typically used. Therefore, for 7os sTTI, interval values of sTTI20, sTTI40, sTTI80 should be supported. For 2os sTTI, the additional values of sTTI60, sTTI120 and sTTI240 should be supported for VOIP services.
[bookmark: _Toc494208904][bookmark: _Toc494298121][bookmark: _Toc496274821][bookmark: _Toc496275257][bookmark: _Toc497897577]Therefore, we propose to support the following values in DL and UL SPS: 
1, 2, 4, 6, 8, 12, 20, 40, 60, 80, 120, 240 sTTIs.


	Nokia, NSB
	A sufficiently wide range of periodicities shold be supported, e.g. the same as sSR periodicities or something similar.

	LGE
	No strong view here, seems fine with Ericsson’s proposal. 

	Qualcomm
	Agree with Nokia. Both small and sufficiently large periodicities should be supported.



SPS resource configuration
Question 14: For sPDSCH SPS, what is the rate-matching behavior for sPDCCH RB sets ?
· Option 1: Default rate-matching around all the configured sPDCCH PRB sets for monitoring within a sTTI
· Option 2: No rate-matching around the configured sPDCCH PRB sets for monitoring within a sTTI (i.e., handled by eNB implementation/scheduling)
· Option 3: The same configuration as for scheduled sPDSCH applies (i.e. same configured rate-matching behavior as with scheduled sPDSCH)
· Option 4: Separate/independent configuration of rate-matching assumption for sPDSCH SPS for each configured sPDCCH PRB set
· Option 5: other options (please also provide the details)
	Company
	Views

	Huawei, HiSilicon
	Option 2. As the multiplexing between control and data is still under discussion, we would prefer that SPS sPDSCH doesn’t rate match sPDCCH for simplicity but leave this to eNB implementation/ scheduling to handle the potential collision, as the SPS sPDSCH resource would not change very frequently.

	Ericsson
	Option 3, aligned with scheduled sPDSCH configuration. 

	Nokia, NSB
	Option 4: gives the eNB the flexibility to rely on rate matching on puncturing, if SPS-sPDSCH is supported at all (which we think is not needed). 

	LGE
	Option 3.

	Qualcomm
	This can be decided when the sPDCCH reuse mechanism is finalized. If the reuse indication via L1 signaling is mandatory, then there will not be any default rate-matching configuration for each RB set.

	Motorola Mobility, Lenovo
	Option 2



Summary of the views on question 14:
9 companies responded to this question:
· 4 companies (Huawei/HiSilicon, Motorola Mobility/Lenovo) prefer no rate matching around the sPDCCH RB sets for SPS sPDSCH (i.e., handled by eNB implementation/scheduling).
· 2 companies (Ericsson, LGE) prefer that the same configuration as for scheduled sPDSCH applies (i.e. same configured rate-matching behavior as with scheduled sPDSCH).
· 2 companies (Nokia/NSB) prefer that separate/independent configuration of rate-matching assumption for sPDSCH SPS for each configured sPDCCH PRB set.
· 1 company (Qualcomm) prefers that this should be further studied after the sPDCCH reuse mechanism is finalized.
Based on the inputs, we have the following observation:
Observation 1: The sPDCCH reusing for sPDSCH SPS needs further study.

Question 15: If your answer to Q14 is option 4, then the rate-matching configuration is part of SPS configuration or part of sPDCCH set configuration ?
	Company
	Views

	Nokia, NSB
	It should be part of sPDCCH RB set configuration (if SPS sPDSCH is supported, which we don’t see a need for). 

	
	 

	
	



Are there any other considerations you would like to share onSPS support in sTTI operation?
	Company
	Views

	
	

	
	

	
	



Conclusion
The document provides a summary of email approval [90b-LTE-16] on SPS details. 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 those agreeable with further compromises.
SPS validation
Proposal 1: In addition to sPDCCH in other sTTIs, UE shall also monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.
Proposal 2: The unused field for SPS operation are set for validation of SPS activation/release
· At least MCS and RB assignment fields are set to all ‘1’ in sDCI for SPS release. 
Proposal 3: The most significant bit of the modulation and coding scheme field (MCS) in the sDCI for SPS activation is fixed to zero.
sPUCCH for SPS sPDSCH
Proposal 4: The TPC in DCI format 3/3A is considered in the power control of sPUCCH corresponding to sPDSCH in SPS operation. FFS the processing timing of DCI format 3/3A in sTTI operation. FFS whether to re-use the TCP bits of DCI format 3/3A between sTTI and 1ms TTI.
SPS collision handling
Proposal 5: In case of collision between SPS PUSCH and non-SPS sPUCCH in the same subframe on a given carrier, the UE shall transmit non-SPS sPUCCH transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmitted via non-SPS sPUCCH. 
· CSI of SPS PUSCH is dropped
Proposal 6: In case of collision between non-SPS PUSCH and SPS sPUSCH in the same subframe on a given carrier, the UE shall transmit SPS sPUSCH transmission and drop/stop non-SPS PUSCH transmission
· HARQ-ACK of non-SPS PUSCH is transmitted via SPS sPUSCH. 
· CSI of non-SPS PUSCH is dropped.
DMRS for sPDSCH/sPUSCH scheduled by SPS
Proposal 7: For DL SPS in subslot TTI with periodicity of 1 sTTI, RAN1 down-select between following options for DMRS sharing:
· Option 1: No DMRS sharing for DL SPS, and the 1-bit DMRSindication field in DL sDCI for DL SPS is set to '0' for validation. Every sTTI contains DMRS for DMRS-based sPDSCH transmission. 
· Option 2: Using 1-bit DMRS indication field in DL sDCI for DL SPS to indicate DMRS sharing. 
· Option 3: DMRS is transmitted every other sTTI from the sTTI transmitting sDCI for SPS activation.
Proposal 8: For UL SPS in subslot TTI with periodicity of 1 sTTI, RAN1 down-select between following options for DMRS sharing:
· Option 1: No DMRS sharing for UL SPS, and the 2-bit DMRS position field in UL sDCI for UL SPS is set to '00' for validation. The default DMRS pattern is defined as follows.
	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



· Option 2: Using 2-bit DMRS position field in UL sDCI for UL SPS to indicate the DMRS pattern within two consecutive sTTIs. 
SPS resource configuration
Proposal 9: Further study contention based access for UL SPS in LTE URLLC.
Observation 1: The sPDCCH reusing for sPDSCH SPS needs further study.
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