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Introduction
The purpose of the email discussion [89-07] is to share views on FS2 aspects for sTTI operation.
In this contribution, the discussions are summarized based on companies’ inputs, which are attached in this document [1].
FS2 aspects for sTTI operation 
Spcial subframe
In this section, the opinions of companies on special subframe related aspects, including PDSCH in DwPTS and PUSCH in UpPTS, are summarized.
sPDSCH in DwPTS
8 companies provided inputs to Q1. 
Question 1: Which option is supported for sTTI operation in special subframe configurations 1, 2, 3, 4, 6, 7 and 8, where the DwPTS has more than 7 symbols? Please provide the reason(s) for your choice. 
· Option 1: DwPTS is split into a 1-slot sTTI and an X-symbol sTTI, where X is the number of symbols of DwPTS in the second slot.
· Option 2: DwPTS is considered as a single TTI.
Question 3: If your choice for Q1 is option 1, is the X-symbol sTTI used for sPDSCH transmission? Please provide the reason(s) for your answer.
Based on the inputs,
· 4 compines prefer option 1 (i.e. DwPTS is split into a 1-slot sTTI and an X-symbol sTTI, where X is the number of symbols of DwPTS in the second slot.).
· 3 companies prefer option 2 (i.e. DwPTS is considered as a single TTI.)
· 1 companies prefers to support option 1 for special subframe configuration 3, 4 and 8, and option 2 for special subframe configuration 1, 2, 6 and 7.
The reason to support option 1 is latency reduction and processing time consideration for slot TTI. The reason to support option 2 is the simplicity in standardization. The reason to support combination of both options is the DMRS patterns, however this would make the processing time consideration more complicated. Also, two proponents of option 2 can accept option 1 if the solution is kept simple. Considering most companies can accept at least option 1 with simple solutions, it is proposed to move forward with:
Proposal 1: For special subframe configurations 1, 2, 3, 4, 6, 7 and 8, DwPTS is split into a 1-slot sTTI and an X-symbol sTTI, where X is the number of symbols of DwPTS in the second slot.
7 companies provided to Q3.
Question 3: If your choice for Q1 is option 1, is the X-symbol sTTI used for sPDSCH transmission? Please provide the reason(s) for your answer.
Based on the inputs, all 7 companies prefer to support sPDSCH in the second slot of DwPTS, of which two companies think that some special subframe configurations of 1, 2, 3, 4, 6, 7 and 8 may not support sTTI operation in the second slot of DwPTS with the concerns of DMRS pattern. Therefore, we have following proposal:
Proposal 2: For special subframe configurations [1, 2, 3, 4, 6, 7, 8], the sPDSCH transmission is supported in the second slot of DwPTS.

DMRS in DwPTS
7 companies (including 1 company’s input in answer to Q1) provided inputs to Q2 (Option 1 of Q1) and 3 companies provided inputs to Q3 (Option 2 of Q1).
Question 2: If your choice for Q1 is option 1, in which symbols is the DMRS for the X-symbol sTTI placed?
Question 6: If your choice for Q1 is option 2, is there DMRS in the second slot, and if yes in which symbols is the DMRS in the second slot placed in?
Based on the inputs, if option 1 of Q1 is supported, 
· One company prefers to put DMRS in the first and second symbol to have common design for different special subframe configurations.
· One company prefers to have common DMRS deisng between first slot TTI and X-symbol sTTI.
· One company prefers to reuse DMRS of 1-slot TTI or 2/3-symbol sTTI.
· Two companies prefers to reuse DMRS pattern of 1-slot in X-symbol sTTI only when X equals to 4 or 5. The DMRS based transmission or sTTI operation is not supported for the second slot of DwPTS when X equals 2 or 3.
· One company prefers to reuse legacy DMRS pattern.
If option 2 of Q1 is supported, two companies prefer to reuse legacy DMRS pattern and one company prefers to do not have DMRS is the second slot of DwPTS. 
Considering that the DMRS pattern for 1-slot TTI has not been decided and diverse opinions on this, we have following observations:
Observation 1: The DMRS placement in DwPTS needs further study.
Scheduling of sPDSCH in DwPTS
6 companies provided inputs to Q4.
Question 4: If your choice for Q1 is option 1 and answer for Q3 is yes, are the two sTTI in DwPTS scheduled jointly or independently? Please provide the reason(s) for your answer.
Based on the inputs, 5 companies prefer independent scheduling of the two sPDSCH in DwPTS. 1 company prefers to have independent scheduling for special subframe configuration 3, 4 and 8, and a single sTTI scheduling for special subframe configuration 1, 2, 6 and 7. It can be seen from the inputs that if the DwPTS is split into two sTTIs, all inputing companies prefer independent scheduling. Therefore, we have following proposal:
Proposal 3: For special subframe configurations 1, 2, 3, 4, 6, 7 and 8, if DwPTS is split into two sTTI, they are scheduled independently.
The processing time
7 companies provided inputs to Q5.
Question 5: If your choice for Q1 is option 1 and answer for Q3 is yes, is the timing from the sPDSCH in X-symbol sTTI to ACK/NACK shorter than that of 1-slot sTTI? Please provide the difference between 1-slot sTTI and X-symbol sTTI (if your answer is yes) and reason(s) for your answer.
Based on the inputs, 6 companies prefer the same processing time between normal 1-slot sPDSCH and X-symbol sPDSCH, and 1 companies prefers that the processing time of X-symbol sPDSCH can be shorter. The main reason to support the same processing time is that the timing table design is simpler, the processing timeline is not mixed and limited benefits can be achieved with different processing time. As for TDD, the processing time for PDSCH in different slots/subframes are different and still under discussion, we can move forward with the principles the companies proposed in the discussion, which are further discussed in Q13/14.
sPUSCH/sPUCCH in UpPTS
8 companies provided inputs to Q7 and 8 companies provided inputs to Q8.
Question 7: For special subframe configuration 0~9, is the sPUSCH/sPUCCH transmission in UpPTS supported or not? Please provide the reason(s) for your answer.
Question 8: For special subframe configuration 10, is the sPUSCH/sPUCCH transmission in UpPTS supported or not? Please provide the reason(s) for your answer.
For special subframe configurations 0~9, all inputing companies prefer to not support sPUSCH/sPUCCH in UpPTS. The main reason is that there are 1 or 2 symbols in UpPTS, so there will be limited benefit to support sPUSCH/sPUCCH. Therefore, we have following proposal:
Proposal 4: For special subframe configurations 0~9, the sPUSCH/sPUCCH transmission is not supported in UpPTS.
For special subframe configuration 10,
· 8 companies prefer to support sPUSCH in UpPTS;
· 6 companies prefer to support sPUCCH in UpPTS;
· 2 companies prefer to not support sPUCCH in UpPTS.
The reason to support sPUSCH in UpPTS for special subframe configuration 10 is that in legacy LTE, PUSCH in UpPTS has been supported, and few standardization is required to support PUSCH in UpPTS. The reason to support sPUCCH in UpPTS is that slot-sPUCCH can be re-used and the further latency reduction and sPUCCH load balancing can be achieved. The main concern to support sPUCCH in UpPTS is that there is no strong need. Therefore, it is proposed that
Proposal 5: For special subframe configurations 10, the sPUSCH transmission is supported in UpPTS, and sPUCCH transmission is FFS.

Scheduling/HARQ timing design
In this section, the principles of scheduling/HARQ timing design is discussed for sTTI operation with FS2.
Processing timeline
8 companies provided inputs to Q9.
Question 9: Is a single processing timeline or multiple timelines supported for FS2 sTTI operation? Please provide the reason(s) for your answer.
Based on the inputs, all inputing companies prefer a single processing timeline for FS2. The reason is that for TDD, the latency reduction from multiple timelines is marginal. Therefore, it is proposed that
Proposal 6: For sTTI operation with FS2, a single processing timeline is supported.

Timing indication
8 companies provided inputs to Q10.
Question 10: Which option is supported for timing between sPDSCH to HARQ-ACK and UL grant to sPUSCH? Please provide the reason(s) for your choice. 
· Option 1: The timing is determined by pre-defined table. 
· Option 2: The timing is indicated by DCI.
All inputing companies prefer or can accept option 1 (i.e. the timing is determined by pre-defined table.) because for option 2 (i.e. the timing is indicated by DCI.) the sDCI size is increased and HARQ-ACK codebook size determination needs further study. One company thinks multiple UL scheduling timing can be considered. Considering majority prefers option 1, the following is proposed as way forward,
Proposal 7: The timing between sPDSCH to HARQ-ACK and UL grant to sPUSCH are determined by pre-defined table.
Control channel load balancing vs. latency reduction
8 companies provided inputs to Q11, and 8 companies provided inputs to Q12.
Question 11: If you choice to Q10 is option 1, for the timing from sPDSCH to HARQ-ACK, is the sPUCCH load balancing or the latency more important?
Question 12: If you choice to Q10 is option 1, for the timing from UL grant to sPUSCH, is the sPDCCH overhead balancing or the latency more important?
Based on the inputs, 
· 4 companies think sPUCCH/sPDCCH load balancing is of higher priority;
· 3 companies think both sPUCCH/sPDCCH loading balancing and latency reduction should be considered.
· 1 company thinks this can be decided after the minimum processing time is agreed.
The reason to consider control channel load balancing of higher priority is that the payload size for sPUCCH/sPDCCH can be reduced for each slot thus coverage and control channel capacity can be improved. However, as the detailed timing design has not been agreed, this can be for further study.
Observation 2: There is no consensus on priority between control channel load balancing and latency reduction.
Timing design in different special subframe configurations
8 companies provided inputs to Q13, and 8 companies provided inputs to Q14.
Question 13: If your choice to Q10 is option 1, the timing from sPDSCH to HARQ-ACK for 1-slot sTTI are the same or can be different for different special subframe configurations?
Question 14: If your choice to Q10 is option 1, the timing from UL grant to PUSCH for 1-slot sTTI are the same or can be different for different special subframe configurations?
Based on the inputs, for the timing from sPDSCH to HARQ-ACK,
· 5 companies think the timing can be different for different special subframe configurations,
· [bookmark: _GoBack]3 companies think the timing should be common for different special subframe configurations.
The reasons to support different timing from sPDSCH to HARQ-ACK for different subframe configurations are
· For some special subframe configurations, there may be one single sTTI in DwPTS;
· For some special subframe configurations, there may be the X-symbol sTTI in the second slot of DwPTS, which needs to be acknowledged in uplink slots;
· For some special subframe configuration(s), there may be sPUCCH in UpPTS, which provides additional resources to transmit HARQ-ACK of sPDSCH.
Based on the above reasons, the special subframe configurations can be categorized into several groups: {0, 5, 9}, {1, 2, 3, 4, 6, 7, 8}, 10. Then, we have following observation:
Observation 3: For different special subframe configurations, the factors impacting the timing from sPDSCH to HARQ-ACK include:
· One or two sPDSCH in DwPTS;
· sPUCCH in UpPTS.
Based on the inputs, for the timing from UL grant to sPUSCH,
· 5 companies think the timing can be different for different special subframe configurations,
· 3 companies think the timing should be common for different special subframe configurations.
The reasons to support different timing from UL grant to sPUSCH for different subframe configurations are
· For some special subframe configurations, there are downlink transmission in the second slot of DwPTS which provides additional resources for transmission of UL grant;
· For special subframe configuration 10, there is sPUSCH in UpPTS, which needs to be scheduled.
Based on the above reasons, the special subframe configurations can be categorized into several groups: {0, 5, 9}, {1, 2, 3, 4, 6, 7, 8}, 10. Then, we have following observation:
Observation 4: For different special subframe configurations, the factors impacting the timing from UL grant to sPUSCH include:
· One or two sTTI in DwPTS;
· sPUSCH in UpPTS.

Conclusion
The document provides a summary of email discussion [89-07] on FS2 aspects for sTTI operation. Based on the discussion in section 2, the possible way forwards are proposed:
Proposal 1: For special subframe configurations 1, 2, 3, 4, 6, 7 and 8, DwPTS is split into a 1-slot sTTI and an X-symbol sTTI, where X is the number of symbols of DwPTS in the second slot.
Proposal 2: For special subframe configurations [1, 2, 3, 4, 6, 7, 8], the sPDSCH transmission is supported in the second slot of DwPTS.
Proposal 3: For special subframe configurations 1, 2, 3, 4, 6, 7 and 8, if DwPTS is split into two sTTI, they are scheduled independently.
Proposal 4: For special subframe configurations 0~9, the sPUSCH/sPUCCH transmission is not supported in UpPTS.
Proposal 5: For special subframe configurations 10, the sPUSCH transmission is supported in UpPTS, and sPUCCH transmission is FFS.
Proposal 6: For sTTI operation with FS2, a single processing timeline is supported.
Proposal 7: The timing between sPDSCH to HARQ-ACK and UL grant to sPUSCH are determined by pre-defined table.
In addition, following observation on timing design may be useful for future discussion:
Observation 3: For different special subframe configurations, the factors impacting the timing from sPDSCH to HARQ-ACK include:
· One or two sPDSCH in DwPTS;
· sPUCCH in UpPTS.
Observation 4: For different special subframe configurations, the factors impacting the timing from UL grant to sPUSCH include:
· One or two sTTI in DwPTS;
· sPUSCH in UpPTS.
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Introduction

The purpose of this email discussion is to share views on FS2 aspects for sTTI operation. In the WID [1], the objectives related to FS2 are given as:

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

This document provides a list of questions to progress the understanding of the proposals for FS2 aspects including sTTI transmission in special subframe, DL HARQ-ACK and UL grant timing. Companies are encouraged to provide inputs by 4th August.

FS2 aspects for sTTI operation 

Spcial subframe

Question 1: Which option is supported for sTTI operation in special subframe configurations 1, 2, 3, 4, 6, 7 and 8, where the DwPTS has more than 7 symbols? Please provide the reason(s) for your choice. 

· Option 1: DwPTS is split into a 1-slot sTTI and an X-symbol sTTI, where X is the number of symbols of DwPTS in the second slot.

· Option 2: DwPTS is considered as a single TTI.

		Company

		Views



		Huawei, HiSilicon

		Option 1. 

If the DwPTS is considered as a single TTI, the processing latency of sPDSCH in DwPTS will not be reduced compared to legacy LTE. From latency reduction point of view, option 1 is preferred. 



		Samsung

		Option 1.

Option 2 seems to allow slot TTI have more than 7 symbols. This complicates processing time consideration.



		ZTE

		Option 2

Many specification efforts are expected for Option1, e.g. the issues listed in Q2~5 below. Considering the limited time in RAN1, we prefer Option 2 for its simplicity. 



		CMCC

		Prefer Option1. In this option, the processing time of the sPDSCH in X-symbol sTTI and a 1-slot sTTI can be reduced compared to 1-subframe TTI.



		Ericsson

		We prefer option 2 for the simplicity of the design.

If Option 1 is chosen, the same processing time should be applied for both the 1-slot sTTI and the X-symbol sTTI of DwPTS. Otherwise the design becomes too complex and may have some problem of causality. If option 1 is chosen, RAN1 should aim at reusing most of the design of 2os TTI and/or slot TTI if suitable for the X-symbol sTTI of DwPTS (e.g. sPDCCH, DMRS pattern).



		NOKIA, Nokia Shanghai Bell

		We are ok with option 2. If option 1 was selected, the design should be kept as simple as possible (see our comments on the following questions)..



		Qualcomm

		Option 1 is preferred to guarantee the processing timeline is achievable in all cases.



		LG Electronics

		Considering different DMRS patterns depending on special subframe configurations in current LTE system, it would be reasonable to support option 1 for special subframe configurations 3, 4, and 8, and to support option 2 for special subframe configurations 1, 2, 6, and 7. 







Question 2: If your choice for Q1 is option 1, in which symbols is the DMRS for the X-symbol sTTI placed?

		Company

		Views



		Huawei, HiSilicon

		The DMRS can be put in the first and the second symbol of the X-symbol sTTI. As for special subframe configuration 1, 2, 3, 4, 6, 7 and 8, the length of the X-symbol sTTI is from 2 to 5 symbols. Then with DMRS placed in the first and second symbol, the DMRS position is fixed and thus the complexity of UE channel estimation can be reduced.



		Samsung

		The details of DL DMRS for slot sTTI is not decided yet. Common DMRS structure should be used in normal slot sTTI and the second slot in DwPTS. If the second slot in DwPTS for some special subframe configurations, then the special subframe configurations are preclude to use slot sTTI in their second slot.



		CMCC

		For the DMRS of X-symbol sTTI, to save standard effort, it is preffered to either reuse the DMRS position/pattern of one-slot sTTI with some modification to cater for the shorted time duration, or reuse the DMRS position/pattern for 2/3 symbol sPDSCH. 



		NOKIA, Nokia Shanghai Bell

		As discussed above, options 2 is our preference. If option 1 was selected, the following is our preference

· For DwPTS=11&12, the 1-slot DMRS pattern can be used in the 2nd-slot of special SF for X-symbol sTTI, as shown in below figure





· For DwPTS=9&10 DMRS based transmission is not supported.



		Qualcomm

		The number of symbols in slot 1 of a subframe is 2/3 under special subframe configuration #1/2/6/7 and 4/5 under special subframe configuration #3/4/8. In our opinion, before determining the DMRS pattern, it would be preferable to determine in which special subframe configurations, the second slot can convey a DL transmission. In particular, the minimum number of symbols for a valid 1-slot sTTI should be specified. In case, the special subframe configurations #1/2/6/7 are not suppoted, the legacy DMRS patterns over slot 1 of special subframe configurations #3/4/8 can be reused.



		LG Electronics

		For simplicity, the DMRS pattern can be reused from the pattern of legacy TTI.  







[bookmark: OLE_LINK1][bookmark: OLE_LINK3]Question 3: If your choice for Q1 is option 1, is the X-symbol sTTI used for sPDSCH transmission? Please provide the reason(s) for your answer.

		Company

		Views



		Huawei, HiSilicon

		Yes. This is because if sPDSCH transmissions are only supported in 1-slot sTTI of DwPTS there will be waste of resources, especially when the number of DL symbols in the X-OS sTTI is large e.g. 5.



		Samsung

		Yes.

This is related to Q2. Common DMRS structure should be used in normal slot sTTI and the second slot in DwPTS. If the second slot in DwPTS for some special subframe configurations, then the special subframe configurations are preclude to use slot sTTI in their second slot.



		CMCC

		Yes. It would be benefitial to exploit all possible resources for downlink transmission to enhance the downlink throughput. 



		Ericsson

		The main benefit of option 1 over option 2 is realized only if sPDSCH is sent in the X-symbol sTTI.



		NOKIA, Nokia Shanghai Bell

		If option 1 was selected, the X-symbol sTTI can be used for sPDSCH transmission. 



		Qualcomm

		In general, yes. But, the exact response is dependent on whether the DL 1-slot sTTI is supported in all or only a subset of special subframe configurations.



		LG Electronics

		Yes. It would be important to strive for sTTI operation of the second sTTI in DwPTS with minimum specification impact. 







Question 4: If your choice for Q1 is option 1 and answer for Q3 is yes, are the two sTTI in DwPTS scheduled jointly or independently? Please provide the reason(s) for your answer.

		Company

		Views



		Huawei, HiSilicon

		We prefer that the two sTTIs in DwPTS are scheduled independently.

Independent scheduling of the two sTTIs is beneficial in terms of flexible scheduling. However, the control overhead in sTTI region would consume the already limited available resource of the X-symbol sTTI, especially when X is small. Considering that the X-symbol sTTI has less physical resource than 1-slot sTTI, the control overhead can be reduced by scheduling less UE.

Joint scheduling of the two sTTIs in DwPTS could save the control overhead while maintaining reduced processing latency compared to one single sTTI in DwPTS. However, with joint scheduling, the scheduling flexibility is sacrificed.





		Samsung

		We prefer independent scheduling of possible two slot sTTIs in DwPTS.

Special scheduling method only for DwPTS is not needed.



		CMCC

		We suggest to consider independent scheduling for the two sTTI in DwPTS. Although this option needs additional downlink scheduling information, which will increase the control overhead, it can achieve the flexibility of downlink scheduling. 



		NOKIA, Nokia Shanghai Bell

		If option 1 was supported, separate scheduling should be applied.



		Qualcomm

		In our view, independent scheduling of the two sTTIs is more preferable.



		LG Electronics

		For special subframe configurations 3, 4, and 8, we prefer independent scheduling for the two sTTI in DwPTS. For special subframe configurations 1, 2, 6, and 7, a single sTTI scheduling would be sufficient regardless of whether 7 or 7+X symbol sTTI is supported. 







Question 5: If your choice for Q1 is option 1 and answer for Q3 is yes, is the timing from the sPDSCH in X-symbol sTTI to ACK/NACK shorter than that of 1-slot sTTI? Please provide the difference between 1-slot sTTI and X-symbol sTTI (if your answer is yes) and reason(s) for your answer.

		Company

		Views



		Huawei, HiSilicon

		Yes. As the TTI length of X-symbol sTTI is shorter than that of 1-slot sTTI, the processing latency of X-symbol can also be shorter. At least when X=2 or 3, the processing time of 2/3-symbol TTI can be considered as a baseline.



		Samsung

		No.

If the processing time for the second slot sTTI in DwPTS is shorter than that for normal slot sTTI, it may mix the order of processing line of DL data. For example, if the first slot sTTI in DwPTS uses n+3 (slot sTTI)



		CMCC

		[bookmark: OLE_LINK6][bookmark: OLE_LINK7]No. We prefer the timing from the sPDSCH in X-symbol sTTI to ACK/NACK to be the same as that of 1-slot sTTI, which can simply the design and save standard effort. For special subframe configuration 1, 2, 3, 4, 6, 7 and 8, the length of the X-symbol sTTI is from 2 to 5 symbols. It seems to be quite a burden if design different processing time for different length of the X-symbol sTTI.



		Ericsson

		If option 1 is chosen, the processing time for slot sTTI and X-symbol sTTI of DwPTS should have the same processing timing. Otherwise, it may happen that a DL transmission in the first sTTI of DwPTS gets HARQ feedback after a DL transmission scheduled in the second sTTI of DwPTS. We should as much as possible avoid these complications. 



		NOKIA, Nokia Shanghai Bell

		The shortest os of X-symbol is 2os which is much shorter than the 1-slot sTTI of 7os. From timing perspective, different or shorter timing design could in favor of the shorter X-symbol with better latency performance. However, the timing table design for X-symbol sTTI with variable size will be very complicated. To simplify the timing table design, we prefer the same (minimum) timing for X-symbol sTTI and 1-slot sTTI



		Qualcomm

		Regadless of whether the 1-slot sTTI is scheduled in the normal or special subframe, the HARQ ACK/NAK should follow the same timing rule. Assuming that the 1-slot sTTI is adopted for a certain use-case(s), reducing the latency in only a fraction of scheduling opportunities does not bring much benefit. Further, allowing for different timelines complicates the HARQ ACK/NAK transmissions associated with different slots.



		LG Electronics

		[bookmark: _GoBack]No. We tend to agree with Ericsson and Qualcomm. 







Question 6: If your choice for Q1 is option 2, is there DMRS in the second slot, and if yes in which symbols is the DMRS in the second slot placed in?

		Company

		Views



		ZTE

		The legacy DMRS pattern in a DwPTS can be reused.  



		Ericsson

		The legacy DMRS pattern for special subframes can be reused.



		NOKIA, Nokia Shanghai Bell

		With Option 2, there is no need to have DMRS in the second slot of DwPTS. 



		

		



		

		







Question 7: For special subframe configuration 0~9, is the sPUSCH/sPUCCH transmission in UpPTS supported or not? Please provide the reason(s) for your answer.

		Company

		Views



		Huawei, HiSilicon

		Considering the standard complexity, PUSCH/sPUCCH don’t need to be supported in UpPTS for special subframe configuration 0~9, which is not supported in legacy LTE either.



		Samsung

		sPUSCH/sPUCCH is not supported in UpPTS in special subframe configuration 0-9.

There is/are one ore two symbol(s) available for them. The benefit must be very marginal.



		ZTE

		No. There are at most 2 UL symbols in UpPTS for SSC 0~9. it is more like a 2-symbol sTTI which shall not be supported since only slot based sTTI is agreed in TDD. 



		CMCC

		It is not suggested to support sPUSCH/sPUCCH transmission in UpPTS for special subframe configuration 0~9. Since in the UpPTS, maximum of 2 symbols are available for uplink transmission. In the UpPTS, considering possible SRS transmission, there might be quite little resources left for sPUCCH/sPUSCH transmission. Thus it is unnecessary to specify complicated mechanism to support sPUCCH/sPUSCH in UpPTS. 



		Ericsson

		Similar as legacy LTE, no support for UL data/UL control in UpPTS special subframe configuration 0-9.



		NOKIA, Nokia Shanghai Bell

		Not supported. Based on the agreed WID, the sTTI TDD design should based on the existing TDD DL/UL configurations, and introducing sPUSCH/sPUCCH transmission in UpPTS for SSF 0~9 can be seen as a new TDD DL/UL configuration, increasing the specification effort significantly 



		Qualcomm

		The number of symbols in UpPTS of special subframe configurations #0-9 is only 1 or 2. Hence, supporting 1-slot sPUSCH/sPUCCH in UpPTS is not preferable.



		LG Electronics

		No. Considering that there is 1 or 2 symbol(s) in UpPTS for special subframe configuration 0~9, the benefit seems unclear to support sPUSCH/sPUCCH transmission with much specification efforts. 







Question 8: For special subframe configuration 10, is the sPUSCH/sPUCCH transmission in UpPTS supported or not? Please provide the reason(s) for your answer.

		Company

		Views



		Huawei, HiSilicon

		Both of sPUSCH and sPUCCH in UpPTS for special subframe configuration 10 can be supported.

In legacy LTE, special subframe configuration 10 was specified to support PUSCH in UpPTE. So to fully utilize UpPTS, PUSCH in UpPTS for special subframe configuration 10 can be supported. As shortened PUCCH has been supported in sTTI operation, PUCCH in UpPTS for special subframe configuration 10 should also be supported. 





		Samsung

		sPUSCH/sPUCCH can be supported in special subframe configuration 10.

Then, almost a slot in some special subframes can be utilized.



		ZTE

		Yes. 

Both PUSCH in UpPTS for special subframe configuration 10 and shortened slot based sPUCCH has already been specified. Few specification efforts are expected.  



		CMCC

		For special subframe configuration 10, it is preferred that the sPUSCH/sPUCCH transmission in UpPTS is supported. 

In LTE WI of UL_CAP_enh,  for NCP, the number of data symbols for PUSCH in UpPTS can be 2,3,4,5. Thus in this sense, it already support shorted TTI transmission in the UpPTS. Since supporting sPUCCH transmission in UpPTS can help reduce the latency, it is suggested to suppot sPUCCH in UpPTS.



		Ericsson

		Since Rel 14 UL data transmission can be scheduled in UpPTS for special subframe configuration 10. So, similarly sPUSCH should be supported. It appears beneficial to be able to exploit UpPTS of special subframe 10 for providing better load balancing HARQ feedback and potentially lower latency. So, sPUCCH should also be supported.



		NOKIA, Nokia Shanghai Bell

		Since the existing SSF-10 supports the PUSCH in UpPTS, sPUSCH support could be allowed as well. We see no strong need to support sPUCCH in the UpPTS.



		Qualcomm

		Similar to the legacy approach, the 1-slot sPUCCH/sPUSCH transmission should be allowed in the UpPTS of the special subframe configuration #10.  



		LG Electronics

		Considering PUSCH transmission in UpPTS for special subframe configuration 10 in legacy rel-14 LTE, sPUSCH transmission in UpPTS also can be supported. On the other hand, PUCCH transmission in UpPTS is not supported for special subframe configuration 10 in legacy rel-14 LTE. In this sense, we do not see a strong motivation to introduce sPUCCH transmission in UpPTS. If sPUCCH transmission in UpPTS is supported, slot sTTI sPUCCH design in FS1 may be mostly reused. 





Scheduling/HARQ timing design

Question 9: Is a single processing timeline or multiple timelines supported for FS2 sTTI operation? Please provide the reason(s) for your answer.

		Company

		Views



		Huawei, HiSilicon

		We prefer a single processing timeline for FS2 for simplicity.

If a single processing timeline is supported for 1-slot sTI in FS1, it also can be adopted for FS2. Otherwise, the necessity of supporting multiple timelines for FS2 needs further justification by evaluating the benefit of latency reduction obtained by the faster timeline. As in FS2, a faster timeline may not provide corresponding latency reduction as in FS1 due to time domain division of downlink and uplink resources in FS2.



		Samsung

		A single processing timeline should be supported for FS2 sTTI.

This question may be due to supporting sTTI operations in special subframes. It is unnessary implementation burden only for special subframes, which is a small portion in time domain.



		ZTE

		Single processing timeline is preferred.

The latency reduction is expected to be very small by introducing multiple timelines while causing a much complex timing relationships in FS2. 



		CMCC

		A single processing timeline is recommended for FS2 sTTI operation. The latency of TDD is not only determined by the processing delay, air interface transmission durarion, but also related to the TDD UL/DL configurations. With the same TDD UL/DL configuration, the performance difference of different processing timeline, e.g., n+4 or n+6, seems to be marginal.





		Ericsson

		Single processing timeline for simplicity



		NOKIA, Nokia Shanghai Bell

		We prefer a single processing timeline, where the minimum processing time is given by a n+4 relation. The exact processing times (HARQ-ACK feedback and UL scheduling delays) for each sTTI can be tabulated similarly as for 1-ms TTI.



		Qualcomm

		A single identical processing timeline should be supported for both FS1 and FS2.



		LG Electronics

		We also prefer a single processing timeline for FS2 sTTI operation. The benefit from multiple processing timelines may be marginal in terms of latency at the expense of complicated implementation as well as specification efforts.









Question 10: Which option is supported for timing between sPDSCH to HARQ-ACK and UL grant to sPUSCH? Please provide the reason(s) for your choice. 

· Option 1: The timing is determined by pre-defined table. 

· Option 2: The timing is indicated by DCI.

		Company

		Views



		Huawei, HiSilicon

		We prefer option 1, i.e. the timing is determined by pre-defined table. As in sTTI operation, the control overhead is larger than 1ms TTI. If the timing is indicated by DCI, the control overhead would be further increased. Therefore, to reduce the sDCI payload size, option 1 is preferred.



		Samsung

		Both are fine. Option 1 will provide larger DL coverage while Option 2 will provide more flexibility to the eNB for scheduling.



		ZTE

		Option 1 is preferred, which is the same as LTE. 

For Option 2, the DCI size may be increased, and the HARQ-ACK codebook determination should be further considered.



		CMCC

		Since Option 2 will increase the control overhead, Option 1 is preffered.



		Ericsson

		Option1. To reduce sDCI payload, we prefer a pre-defined table.



		NOKIA, Nokia Shanghai Bell

		Option 1 is preferred at least for HARQ-ACK timing. This results in simpler specifications and allows for borrowing much of the legacy TDD functionality such as DAI, codebook size determination, etc. For UL scheduling timing multiple timings can potentially be considered.



		Qualcomm

		Option 1 is more preferable. Option 2 incurs larger signaling overhead, which is not desirable for the sTTI operation.



		LG Electronics

		We prefer option 1. In case dynamic timing is supported, how to decide HARQ-ACK codebook size should be further discussed. Moreover, sDCI overhead will be increased for indicating the processing time.  







Question 11: If you choice to Q10 is option 1, for the timing from sPDSCH to HARQ-ACK, is the sPUCCH load balancing or the latency more important?

		Company

		Views



		Huawei, HiSilicon

		We think the sPUCCH load balancing is more important, since the maximum number of HARQ-ACK bits transmitted in each uplink slot or UpPTS can be reduced by load balancing and thus UL coverage can be improved.



		Samsung

		As the same as TDD timing table for 1ms TTI latency reduction, both load balancing and latency should be considered.



		ZTE

		Load balancing has higher priority. 



		CMCC

		We think the sPUCCH load balancing is more important, the number of ACK/NACKs from different HARQ process to be multiplexed in one TTI shall be kept as less as possible. Since allocating a lot of  ACK/NACKs from different process  into the very first uplink slot or UpPTS may lead to poor ACK/NACK coverage.





		Ericsson

		Both load balancing and latency should be taken into account. Slot TTI is introduced to reduce latency, so latency is a natural criterion. However a pure latency centric approach leads to larger HARQ payload size with slot TTI than with 1ms TTI, therefore load balancing is also important to consider. 



		NOKIA, Nokia Shanghai Bell

		This can be decided after there is an agreement on the supported minimum processing time. Some load balancing may be needed since sPUCCH cannot efficiently support very large payloads.



		Qualcomm

		Since the main reason for adopting the shorter TTI is to reduce the overall latency, the objective should be to reduce the latency to the possible extent. Of course, latency reduction should not lead to the scenarios where many HARQ ACK/NAK bits are mapped to the same UL sTTI. In scuh cases, the UL load should be distributed across UL sTTIs without significantly increasing the latency.



		LG Electronics

		For slot sTTI in FS2, also we consider sPUCCH load balancing has higher priority as the legacy TDD timing table. 







Question 12: If you choice to Q10 is option 1, for the timing from UL grant to sPUSCH, is the sPDCCH overhead balancing or the latency more important?

		Company

		Views



		Huawei, HiSilicon

		We think the sPDCCH overhead balancing is more important. If the sPDCCH overhead is not balanced, there would be more chances that one downlink sTTI schedules more uplink sTTI, so more requirement on UL index field. As a result, the sDCI payload size is increased.



		Samsung

		As the same as TDD timing table for 1ms TTI latency reduction, both load balancing and latency should be considered.



		ZTE

		sPDCCH overhead balancing is more important.



		CMCC

		We think the sPDCCH overhead balancing is more important, the number of UL_grants  from different HARQ process to be multiplexed in one TTI shall be balanced considering scheduling latency. Since if one downlink sTTI schedules multiple uplink sTTI, additional UL_index field needs to be introduced and the PDCCH capacity in the specific crowed downlink scheduling sTTI may by not enough.



		Ericsson

		Both aspects are important and should be considered in a case by case analysis.



		NOKIA, Nokia Shanghai Bell

		Both aspects are important. The exact design should be finalized after there is an agreement on the minimum processng time that the UE shall support.



		Qualcomm

		The same as our response to Question 11.



		LG Electronics

		As in Q11, sPDCCH overhead balancing is more important.







Question 13: If your choice to Q10 is option 1, the timing from sPDSCH to HARQ-ACK for 1-slot sTTI are the same or can be different for different special subframe configurations?

		Company

		Views



		Huawei, HiSilicon

		We think the timing can be different for different special subframe configurations. Although there would be more complexity with different timing, more benefit can achieved. As with special subframe configuration 10, the HARQ-ACK to PDSCH can also be carried on UpPTS, the latency can be further reduced and sPUCCH overhead on other uplink TTIs can be less and sPUCCH coverage can be improved.



		Samsung

		We prefer to have a common timing over all special subframe configurations in order to keep implementation and processing time line consideration simple.



		ZTE

		As answered in Q7 and Q8, the sPUCCH transmission in UpPTS is not supported for SSC #0~9 while it can be supported for SSC #10. Therefore the timing of sPDSCH to HARQ-ACK is different for different special subframe configurations.

[image: ]



		CMCC

		We think the timing from sPDSCH to HARQ-ACK for 1-slot sTTI can be different for different special subframe configurations. 

According to number of DL OFDM symbols in special subframe, it can be categorized into two classes: Class 1:  special subframe configuration 0,5,9 and 10. Class 2: special subframe configuration 1, 2, 3, 4, 6, 7, 8. For class 1, there will be no downlink transmission on the second slot of special subframes, while for class 2, DL symbols exist on the second slot of special subframes and can be treated as a DL sTTI. Therefore the number of downlink sPDSCH HARQ process will be different for different cases and the available PUCCH feedback sTTIs are also different for configure 0~9 and 10, resulting in different timing from sPDSCH to HARQ-ACK for different special subframe configurations.





		Ericsson

		Different timing can be considered for different special subframe configurations if there is a benefit in terms of latency and/or HARQ payload balancing.



		NOKIA, Nokia Shanghai Bell

		We prefer the timing from sPDSCH to HARQ-Ack to be the same for different SSF configurations for a given UL-DL configuration.



		Qualcomm

		For simplicity, it is preferred to have the common timeline for all special subframe configuratoins.



		LG Electronics

		Depending on the answer to Q1, different timing tables will be needed for different special subframe configurations. Specifically, one table for special subframe configurations 3, 4, and 8, and another table for the remaining special subframe configurations need to be defined. 







Question 14: If your choice to Q10 is option 1, the timing from UL grant to PUSCH for 1-slot sTTI are the same or can be different for different special subframe configurations?

		Company

		Views



		Huawei, HiSilicon

		There are two factors that affect the timing from UL grant to PUSCH due to different special subframe configurations:

1. Whether the UL grant can be carried on the sPDCCH region (if any) in X-OS sTTI for special subframe configuration 1, 2, 3, 4, 6 and 8.

Considering the standard complexity in timing table design, control overhead in X-symbol sTTI and limited benefit in latency reduction, we don't prefer to carry UL grant in sPDCCH region of X-symbol sTTI.

2. The scheduling of PUSCH in UpPTS for special subframe configuration 10.

When SSF configuration 10 is configured, sPUSCH can be carried on UpPTS and the UL grant of PUSCH in UpPTS needs to be considered. To have trade-off between sPDCCH overhead balancing and latency reduction, the timing may be different for special subframe configuration 10. One example for TDD UL/DL configuration 6 is presented below.  

		TDD

configration

		sTTI index



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19



		6

		6

		6

		6,7

		

		

		

		

		

		

		

		4

		4

		4,5

		

		

		

		

		

		6

		6



		6

		5,6

		6,7

		7,

11

		

		

		

		

		

		

		

		4

		4

		4,5

		

		

		

		

		

		5

		5





Note: The Red number corresponds the sPUSCH in UpPTS for SSF configuration 10.



		Samsung

		We prefer to have a common timing over all special subframe configurations in order to keep implementation and processing time line consideration simple.



		ZTE

		Similar to Q13, the timing of UL grant to sPUSCH is different for different special subframe configurations. 
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		CMCC

		We think the timing from UL grant to PUSCH for 1-slot sTTI can be different for different special subframe configurations. 

According to number of DL OFDM symbols in special subframe, it can be categorized into two classes: Class 1:  special subframe configuration 0,5,9 and 10. Class 2: special subframe configuration 1, 2, 3, 4, 6, 7, 8. For class 1, there will be no downlink transmission on the second slot of special subframes, while for class 2, DL symbols exist on the second slot of special subframes, so there will be more scheduling sTTIs for sPUSCH for class 2.

For special subframe configuration 0~9, the sPUSCH/sPUCCH transmission in UpPTS is not supported . While for special subframe configuration 10, the sPUSCH/sPUCCH transmission in UpPTS  is supported . 

Therefore, the number of uplink sPUSCH HARQ process and scheduling DL sTTI can be different for different special subframe configurations





		Ericsson

		Different timing can be considered for different special subframe configurations if there is a benefit in terms of latency and/or sPDCCH overhead balancing.



		NOKIA, Nokia Shanghai Bell

		We prefer that the timing from UL grant to sPUSCH for 1-slot sTTI is the same for different SSF configurations for a given UL-DL configuration.



		Qualcomm

		The same as our response to Q13, we prefer to adopt the same timeline for all special subframe configurations.



		LG Electronics

		As in Q13, different timing tables will be needed for different special subframe configurations. 







Question 15: are there any other considerations on FS2 aspects for sTTI operation you would like to share?

		Company

		Views



		

		



		

		



		

		



		

		







Conclusion

TBA.
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