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1 Introduction

In R1 #102 e-meeting, agreements were made for R17 URLLC/IIoT,

Agreements:

Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 

1. This topic is to be considered as high priority

2. FFS detailed solution(s)
Agreements:

Study further at least the following schemes:

· SPS HARQ skipping for ‘skipped’ SPS PDSCH

· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.

· Retransmission of cancelled HARQ

· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH

· Type 1 HARQ codebook based on sub-slot PUCCH config 

· PUCCH carrier switching for HARQ feedback

Companies are encouraged to provide detailed analysis and comparison accordingly

In this contribution, we discuss on SPS HARQ-ACK enhancement and the priorities of related issues.  
2 Discussion

2.1 SPS HARQ-ACK enhancement
For SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol, it has been agreed to be high priority issue in last meeting, and solutions needs to be discussed. A direct solution can be trying to retransmit the collided HARQ-ACK as soon as possible, and following alternatives can be considered.  
Alt 1, retransmit collided HARQ-ACK in the first following slot containing available PUCCH resource for HARQ-ACK
As illustrated in Fig.1, for a SPS PDSCH configuration with periodicity of 2 slots, k1=0 is indicated in activation DCI. For SPS PDSCH in slot 2, the original PUCCH resource for HARQ-ACK is collided because symbol 12/13 in slot 2 is set to be DL. Then we can find the first available PUCCH resource for HARQ-ACK by sequentially increasing k1 values until the corresponding slot contains available PUCCH resource for HARQ-ACK(assuming PUCCH resource indication keeps the same). In the example in Fig.1, when k1 is increased to k1=1, available PUCCH resource can be found. So the collided HARQ-ACK can be retransmitted in slot 3.
Alt 2, retransmit collided HARQ-ACK in the next effective PUCCH resource for HARQ-ACK of SPS PDSCH

As illustrated in Fig.2, still take the example of collision case as in Fig.1. HARQ-ACK for SPS PDSCH in slot 2 is collided, and then we can find the first following effective PUCCH resource for HARQ-ACK of SPS PDSCH. That means to check the following SPS PDSCH in slot 4/6/8… to find the first SPS PDSCH whose corresponding HARQ-ACK PUCCH resource is not collided, then the collided HARQ-ACK can be retransmitted in the un-collided HARQ-ACK PUCCH resource.

Proposal 1: Two alternatives can be considered for retransmitting collided HARQ-ACK，
Alt 1, retransmit collided HARQ-ACK in the first following slot containing available PUCCH resource for HARQ-ACK.
Alt 2, retransmit collided HARQ-ACK in the next effective PUCCH resource for HARQ-ACK of SPS PDSCH.
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Fig.1 retransmit collided HARQ-ACK in the first following slot containing available PUCCH resource for HARQ-ACK
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Fig.2 retransmit collided HARQ-ACK in the next effective PUCCH resource for HARQ-ACK of SPS PDSCH
2.2 Priorities discussion

1) SPS HARQ skipping for ‘skipped’ SPS PDSCH
It seems that two cases are proposed by companies to justify the SPS HARQ-ACK skipping,

Case 1, SPS with short periodicity is configured for URLLC traffic, but the actual DL URLLC traffic is not periodical, which means some SPS PDSCHs are empty.

Case 2, multiple SPS PDSCH configuration to accommodate one TSC traffic.

For Case 1, our opinion is that dynamic scheduling is more suitable for non-periodical traffic. And skipping HARQ-ACK for SPS PDSCH may possibly lead to HARQ-ACK codebook misalignment between gNB and UE, which is harmful to URLLC traffic.

For Case 2,  an example in R1-2005347 is listed, three SPS PDSCHs are configured for a TSN traffic has an arrival frequency of 120Hz, i.e., the periodicity is 8.333ms, thus a lot of PDSCHs are empty. From our point of view, similar as Case1, TSN traffic can be dynamic scheduled with high priority. And on the other hand, the problem of empty PDSCHs seems stemming from a bad configuration. If gNB configures 3 SPS PDSCHs as the following, then there would be no empty PDSCHs (assuming SCS=15 KHz),

SPS PDSCH1 (offset 0, Period 25ms)

SPS PDSCH2 (offset 8ms+5symbol, Period 25ms)

SPS PDSCH3 (offset 16ms+10symbol, Period 25ms)
2) PUCCH repetition enhancements
PUCCH repetition is basically for coverage enhancement and has already been adopted for slot-based PUCCH in R15. For  URLLC traffic using sub-slot based SR/HARQ-ACK, there are some proposals that sub-slot based PUCCH repetition should also be adopted for coverage enhancement propose. Our opinion is that if sub-slot based SR/HARQ-ACK has coverage issue, a simple solution would be using slot-based SR/HARQ-ACK, and the current mechanism already support this solution. For example, gNB can indicate a slot-based HARQ-ACK codebook instead of a sub-slot based one by the priority indication field in DCI, and can configure slot-based SR resources by parameter schedulingRequestPriority. 
3) Type 1 HARQ codebook based on sub-slot PUCCH configuration

In R16 URLLC discussion, Type 2(dynamic) HARQ-ACK codebook is enhanced for URLLC while Type 1(semi-static) HARQ-ACK codebook is not enhanced. Some companies think it is necessary to enhance the Type 1 HARQ-ACK codebook for URLLC since it is a robust feedback method for tolerating PDCCH/PDSCH miss detection. Still many other companies argue that Type 1 HARQ-ACK codebook typically cause a huge overhead and waste of PUCCH resource. 

For URLLC service, since it requires low latency, each PDSCH should be fed back as soon as possible, so each URLLC PDSCH should be fed back separately. But Type 1 HARQ-ACK codebook has to contain all the  HARQ-ACK information of multiple slots in a fixed “feedback window”  and typically has a large UCI bit size, so Type 1 HARQ-ACK codebook is very low efficient for URLLC service.

As to the miss detection performance of Type 1 and Type 2 HARQ-ACK codebook, a typical case for URLL HARQ-ACK codebook is that it only contains HARQ-ACK information of one actually scheduled PDSCH. And if the one PDSCH is miss detected, UE will not feedback any HARQ-ACK information no matter Type 1 or Type 2 codebook is applied. In this case, Type 1 and Type 2 codebook shows no difference on miss detection performance. 
Observation 1: Type 1 and Type 2 HARQ-ACK codebook has almost the same miss detection performance for URLLC service.

Then considering the huge overhead and resource waste of Type 1 HARQ-ACK codebook, our opinion is that enhancement for Type 1 HARQ-ACK codebook should be low priority for URLLC.
Proposal 2: The following cases should be treated as low priority,

1) SPS HARQ skipping for ‘skipped’ SPS PDSCH
2) PUCCH repetition enhancements
3) Type 1 HARQ codebook based on sub-slot PUCCH configuration
3 Conclusions

In this contribution, we discuss on SPS HARQ-ACK enhancement and the priorities of related issues.  
Proposal 1: Two alternatives can be considered for retransmitting collided HARQ-ACK，
Alt 1, retransmit collided HARQ-ACK in the first following slot containing available PUCCH resource for HARQ-ACK.
Alt 2, retransmit collided HARQ-ACK in the next effective PUCCH resource for HARQ-ACK of SPS PDSCH.
Observation 1: Type 1 and Type 2 HARQ-ACK codebook has almost the same miss detection performance for URLLC service.
Proposal 2: The following cases should be treated as low priority,

1) SPS HARQ skipping for ‘skipped’ SPS PDSCH
2) PUCCH repetition enhancements
3) Type 1 HARQ codebook based on sub-slot PUCCH configuration
References
PAGE  
1/3

PUCCH resource for retransmitting HARQ-ACK
0
1
2
3
4
5
6
7
8
9
10
11
12
13
0
1
2
3
4
5
6
7
8
9
10
11
12
13
Slot 0
Slot 1
HARQ-ACK
SPS PDSCH
DL
UL
DL
UL
0
1
2
3
4
5
6
7
8
9
10
11
12
13
0
1
2
3
4
5
6
7
8
9
10
11
12
13
Slot 2
Slot 3
HARQ-ACK
SPS PDSCH
DL
DL
UL



0
1
2
3
4
5
6
7
8
9
10
11
12
13
0
1
2
3
4
5
6
7
8
9
10
11
12
13
Slot 0
Slot 1
HARQ-ACK 1
SPS PDSCH 1
DL
UL
DL
UL
0
1
2
3
4
5
6
7
8
9
10
11
12
13
0
1
2
3
4
5
6
7
8
9
10
11
12
13
Slot 2
Slot 3
HARQ-ACK 2
SPS PDSCH 2
DL
DL
UL
0
1
2
3
4
5
6
7
8
9
10
11
12
13
Slot 4
HARQ-ACK 3
SPS PDSCH 3
DL
UL



