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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 overall LaR operations and procedures with subframe TTI for FS2. The overall LaR operations for FS1 and FS3 are discussed in [3] and [4], respectively.

2 Discussions 
Introducing latency reduction mode


As noted in the WID [1], one of the main objectives is to support a reduced minimum timing between UL grant and UL data, and between DL data and DL HARQ feedback. Let’s consider FS2 for latency reduction mode. For one configured serving cell, a UE shall transmit HARQ-ACK in subframe n, if there is PDSCH transmission indicated by the detection of corresponding PDCCH or there is PDCCH indicating DL SPS release within subframe(s) n-k, where k in K and K is a set of {k0, k1, …, kM-1} defined in the table below [5].

Table 1: Legacy DL association set index K : {k0, k1, …, kM-1} for FS2
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-


Therefore, HARQ-ACK’s corresponding to PDSCH in subframe 0 and 1 are all transmitted in subframe 7. When it comes to other TDD UL-DL configurations, it can be seen that the minimum timing is n+4 for HARQ feedback corresponding to PDSCH in subframe n. So, the processing time for a UE can be similarly given compared to FS1, which means that FS2 also has adopted 4 ms for the minimum timing difference between UL grant and UL data, and between DL data and DL HARQ feedback. This legacy method will be noted as the normal mode. Instead of the HARQ-ACK feedback timing n+4, a reduced timing such as n+2 or n+3 can be considered for the latency reduction mode. With these reduced minimum timing, Table 1 can be re-designed as the following tables.

Table 2: With the minimum timing n+3, DL association set index K : {k0, k1, …, kM-1} for FS2
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	-
	-
	6, 3
	3
	-
	-
	-
	6, 3
	3
	-


Table 3: With the minimum timing n+2, DL association set index K : {k0, k1, …, kM-1} for FS2
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	-
	-
	3, 2
	2
	-
	-
	-
	3, 2
	2
	-


Following Table 2, HARQ-ACK’s corresponding to PDSCH in subframe 0 and 1 are transmitted in subframe 3 and in subframe 7, respectively. Similarly, following Table 3, HARQ-ACK’s corresponding to PDSCH in subframe 0 and 1 are transmitted in subframe 2 and in subframe 3, respectively. 
Latency reduction mode and TDD UL-DL configuration

In Table 4, DL HARQ feedback timing corresponding to Table 1 is given according to TDD UL-DL configurations. This is designed by using the minimum timing of n+4. Once this minimum timing becomes n+3, DL HARQ feedback timing is given in Table 5 according to TDD UL-DL configurations. As it can be seen, not only UL-DL configuration 1 but also all UL-DL configurations have benefit in that the average values of DL HARQ feedback timing are all reduced. Thus, it can be considered that the latency reduction can be beneficial for all UL-DL configurations. 

Table 4: Downlink association index with minimum timing n+4 [7]
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Table 5: Downlink association index with minimum timing n+3
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

	1
	-
	-
	6, 3
	3
	-
	-
	-
	6, 3
	3
	-

	2
	-
	-
	7, 6, 4, 3
	-
	-
	-
	-
	7, 6, 4, 3
	-
	-

	3
	-
	-
	7, 6, 5
	5, 4
	4, 3
	-
	-
	-
	-
	-

	4
	-
	-
	11, 8, 7, 6
	6, 5, 4, 3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	12, 9, 8, 7, 5, 4, 3, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


Observation 1: The performance gain from reduction of the minimum timing in FS2 depends on UL-DL configurations. 
Proposal 1: Latency reduction mode can be configured for all UL-DL configurations in FS2.
The following issues are similar to the ones for FS1 and also can be seen in [3].
How dynamic switching of HARQ-ACK feedback timing would be supported?


When the timing of DL HARQ feedback (or UL data) is given by n+k for the corresponding DL data (or UL grant), 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. Even though TDD already supports HARQ-ACK bundling and multiplexing, the dynamic change would make the timing relation more complicated, especially for CA scenarios. Plus, regarding the latency reduction aspects, the performance gain cannot be expected by using this dynamic timing change. 

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., PUCCH resources and HARQ-ACK feedback timing. Compared to Alt 1, Alt 2 may make HARQ-ACK procedure much less complicated and reuse the timing principles of the legacy TDD system as much as possible. 

Observation 2: RAN1 can consider two switching types of timing as below.

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.

Proposal 2: Semi-static configuration of timing for latency reduction operation is preferred. 
Processing time reduction for eNB and UE 

For processing time reduction, the maximum TA, supported TBS/PRB, supported number of CC and other processing steps can be examined. The detailed discussion is provided in [5]. The above factors related to processing time affects the minimum timing for DL/UL. Also, since the restriction on TBS/PRB/CC may bring performance degradation, RAN1 needs to decide the restriction, if adopted, carefully. 

Difference between minimum UL/DL timing

The minimum timing for UL/DL depends on eNB and UE processing capability. Three timings can be discussed as below.

1) Between DL data and DL HARQ feedback

2) Between UL grant and UL data

3) Between UL data and UL HARQ feedback in case of synchronous UL HARQ

Similar to FS1, the above three timings are designed with the minimum timing of k=4. However, for latency reduction mode, the minimum timings for DL/UL should be determined with consideration of the eNB and UE capabilities. It also depends on the restrictions of TBS and number of PRBs for DL/UL data, number of CC for DL/UL, etc. Especially for UE processing time, TA is also considered to design the minimum timing. By using a new minimum timing, the tables corresponding to UL/DL timing in FS2 could be re-defined for semi-static changing approach.
UL HARQ timing for PUSCH

Similar to FS1, the usage of latency reduction mode affects whether synchronous or asynchronous UL HARQ is adopted. For dynamic switching of timing, asynchronous UL HARQ may be reasonable to simplify the HARQ procedure. On the other hand, PHICH seems to be enough for UL HARQ-ACK feedback in case of semi-static configuration of timing. 

Observation 3: UL HARQ scheme is closely related to switching types of timing in Observation 2.
Proposal 3: Synchronous UL HARQ is used for FS2 latency reduction with subframe TTI.
3 Conclusions
In this contribution, the overview of the latency reduction operations with subframe TTI for FS2 is provided. It can be summarized as below. 
Observation 1: The performance gain from reduction of the minimum timing in FS2 depends on UL-DL configurations.
Observation 2: RAN1 can consider two switching types of timing as below.
Observation 3: UL HARQ scheme is closely related to switching types of timing in Observation 2.
Proposal 1: Latency reduction mode can be configured for all UL-DL configurations in FS2.
Proposal 2: Semi-static configuration of timing for latency reduction operation is preferred.
Proposal 3: Synchronous UL HARQ is used for FS2 latency reduction with subframe TTI.
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