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Discussion and decision
1 Introduction

In RAN#72, the new work item for latency reduction (LaR) was approved [1], where 1ms TTI and shorter TTIs are on the list of the objectives. Among those target TTI lengths, LaR operations with subframe TTI are focused, especially for FS2. The objectives of LaR operations with subframe TTI are as below.

	For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

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

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]



This contribution considers the aspects of subframe TTI for FS3. The overall LaR operations for FS1 and FS2 are discussed in [3] and [4], respectively.

2 Discussion of latency reduction for FS 3 
Scope on latency reduction for FS3

As noted in the WID [1], Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH design can be considered as a baseline to support a reduced minimum timing between UL grant and UL data, and between DL data and DL HARQ feedback for latency reduction. For frame structure type 3 (FS3), there is on-going work item on the FS3, i.e. Enhanced LAA and it will make an impact at least on PUSCH/PUCCH design. Therefore, it would be desirable to determine the baseline Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design considered for this WI. 

The main objective of eLAA WI is to specify UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using FS3. Note that standalone and dual-connectivity operation within unlicensed spectrum is not included in the scope. To support efficient UL operation using FS3, there were intensive discussions about possible enhancements of PUSCH/PUCCH/SRS/PRACH respectively, but RAN1 reached a following conclusion on the PUCCH design.

	Conclusion:

· Enhanced LAA can operate without the introduction of HARQ-ACK transmission on an LAA SCell

· Support for transmission of HARQ-ACK on an LAA SCell can be beneficial and it is recommended to include it in future enhancements for LAA.


Since SRS/PRACH design has no effect on latency reduction aspect and PUCCH transmission on an LAA SCell will not be supported, Rel-14 PDSCH/(E)PDCCH and PUSCH design enhanced by LAA/eLAA WI should only be considered for this latency reduction WI.

In RAN#72, a new work item on FS3 to support DL/UL operation under dual-connectivity has been proposed and discussed as a Rel-14 WI, but not approved finally. Although the new WI could be approved in later Rel-14, it is not reasonable to consider for an uncertain future in the on-going WI. Therefore, it would be desirable to consider PDSCH/(E)PDCCH and PUSCH enhanced by eLAA WI as a baseline channel design for this WI. 
Proposal 1: For frame structure type 3, PDSCH/(E)PDCCH/PUSCH channel design enhanced by LAA/eLAA WI should only be considered as a baseline for latency reduction. 

· PUCCH enhancement to support latency reduction for FS 3 should not be considered in this WI.
Difference between minimum UL/DL timing

For downlink transmission in FS3, it was agreed that if a UE is configured with a LAA Scell, the UE shall apply the procedure of frame structure type 1 for the LAA SCell unless stated. Therefore, at least for the timing between DL data and DL HARQ feedback, it is natural to apply the new minimum timing of FS 1 introduced for latency reduction of FS 1. For the timing of DL HARQ feedback (e.g. n+k), the following two alternatives can be considered

· Alt 1. Allow dynamic switching of k.

· Alt 2. Allow semi-statically fixed value of k, where k can be configured by higher layer signaling.

For Alt 1, HARQ-ACK feedback timing indication bits may be needed in each DCI formats, e.g., two bits can be used for the HARQ-ACK feedback timing as 00 for k=2, 01 for k=3, 10 for k=4 and 11 for reserved. With this alternative, HARQ-ACK feedback procedure can be too complicated in case of mixed use of different timings. The details could be found in our companion contribution [3]. For Alt 2, HARQ-ACK feedback timing is configured by higher layer signaling, i.e., MAC CE or RRC signaling. When latency reduction mode is configured to a given UE, the eNB can also configure the related parameters for latency reduction, e.g., HARQ-ACK feedback timing. Compared to Alt 1, Alt 2 may make HARQ-ACK procedure much less complicated. 
Proposal 2: Semi-static configuration of timing of DL HARQ feedback as defined for FS1 should be considered for latency reduction operation in FS3. 
In case of the timing for UL transmission, a flexibly timing has been introduced for FS3 to support flexible UL operation in unlicensed spectrum with the following agreement.
	Agreement:
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported

· The minimum latency is 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s)

· Timing offset is counted from subframe N+4+k, and k is signalled with 4 bits ([0….15] SFs)


On top of the minimum 4ms timing between the subframe carrying the UL grant and subframe carrying the corresponding PUSCH transmission, timing offset indicated by UL grant will be added so that the UL scheduling timing is enlarged from N+4 to N+20. Similarly, if a new UL scheduling timing (e.g. n+2 or n+3) is introduced for latency reduction of FS1 or FS2, the same timing offset value defined in Rel-14 eLAA WI can be applied to determine the UL scheduling timing for FS3.

Proposal 3: Dynamic configuration of UL scheduling timing should be considered for latency reduction operation in FS 3. 


Regarding UL HARQ timing for PUSCH, asynchronous UL HARQ is already adopted for FS3 due to the difficulty of synchronous HARQ operation in unlicensed spectrum. Note that PHICH is not transmitted in FS3. Therefore, UL grant timing for retransmission is up to eNB scheduling decision so that further enhancement on the timing of UL HARQ feedback for latency reduction seems not necessary in case of FS3.

Observation: The timing of UL HARQ feedback for FS3 could be handled by eNB implementation in case of FS3 so that enhancement for latency reduction seems not necessary in case of FS3
3 Conclusions
In this contribution, the overview of the latency reduction operations with subframe TTI for FS3 is provided. It can be summarized as below. 
Observation: The timing of UL HARQ feedback for FS3 could be handled by eNB implementation in case of FS3 so that enhancement for latency reduction of UL HARQ feedback timing seems not necessary for FS3
Proposal 1: For frame structure type 3, PDSCH/(E)PDCCH/PUSCH channel design enhanced by LAA/eLAA WI should only be considered as a baseline for latency reduction. 

· PUCCH enhancement to support latency reduction for FS 3 should not be considered in this WI.
Proposal 2: Semi-static configuration of timing of DL HARQ feedback as defined for FS1 should be considered for latency reduction operation in FS3. 
Proposal 3: Dynamic configuration of UL scheduling timing should be considered for latency reduction operation in FS3. 
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