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At RAN #86, a new work item “Enhanced Industrial Internet of Things (IoT) and URLLC support” was approved [1].  
At RAN #88-e, the WI was updated [2].
There are five objectives for the approved work item:

1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
	….

At RAN1 #102-e, the following were agreed:

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. 
· This topic is to be considered as high priority
· 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
In this contribution we provide our views on some of those considered enhancements. 
Discussion on retransmission of cancelled HARQ ACK feedback
Several cases for cancelled HARQ Ack feedback can be identified:
For high priority HARQ ACK feedback:
· SPS HARQ dropping due to PUCCH collision with DL symbols in TDD;
· Inter-UE prioritization

For low priority HARQ ACK feedback:
· SPS HARQ dropping due to PUCCH collision with DL symbols in TDD;
· Inter-UE prioritization
· Intra-UE prioritization

Type 3 HARQ codebook can be considered for the above 5 use cases. Relevant agreements on Type 3 HARQ codebook are provided in Appendix. As pointed out by companies already, the feedback overhead of Type 3 HARQ codebook can be high. 

Agreements from Rel-16 NR-U concerning Type 3 HARQ codebook are included in Appendix. 

For the Rel-16 NR-U agreement below:
Agreement (5):
For one-shot HARQ feedback:
· NDI can be configured to be part of one-shot HARQ feedback.
· When NDI is configured
· The latest NDI value detected by the UE is reported along with HARQ-ACK for the corresponding HARQ process ID. The UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· NDI is included for each TB
· When NDI is not configured:
· NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· UE is expected to reset HARQ-ACK state (as DTX or NACK) for a HARQ process ID once ACK is reported for the same HARQ process ID in the previous feedback
· CBG-based HARQ-ACK or TB-based HARQ-ACK can be configured to be part of the one-shot HARQ feedback for the CCs configured with CBG.
Note: For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the UE does not consider this PDSCH for one-shot HARQ codebook composition  

The RRC signaling from TS 38.331 is captured below:
PhysicalCellGroupConfig ::= SEQUENCE {
…
pdsch-HARQ-ACK-OneShotFeedback-r16 ENUMERATED {true} OPTIONAL, -- Need R
   pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 ENUMERATED {true} OPTIONAL, -- Need R
   pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 ENUMERATED {true} OPTIONAL, -- Need R
…
}

Figure 1 RRC configuration for enabling NDI feedback and CBG based HARQ-Ack feedback











The NDI bit with a HARQ process ID can be also included in the Type 3 HARQ codebook by RRC configuration through pdsch-HARQ-ACK-OneShotFeedbackNDI-r16; for a CC configured with CBG based feedback,  CBG based HARQ Ack feedback or TB based HARQ Ack feedback can be also included in the Type 3 HARQ codebook by RRC configuration through pdsch-HARQ-ACK-OneShotFeedbackCBG-r16. We note the inclusion of the NDI bit can be motivated by avoidance of discrepancy between UE feedback and gNB’s reading on the feedback due to missed PDCCH reception on the UE side. As the inclusion of the NDI bits in the Type 3 HARQ codebook also increase the payload size of UCI, which may adversely impact the reliability of PUCCH reception. The impact of missed PDCCH reception and UCI payload size can vary for eMBB and URLLC traffic, and also for different scenarios, e.g. single CC vs multiple CCs. 

For eMBB, as the required throughput for eMBB can be high, CBG based feedback can be motivated, while CBG based feedback may be less common for URLLC. From that, we can see there may not be a single configuration in terms of NDI feedback and CBG based feedback for eMBB and URLLC. 

In Rel-16 URLLC, physical layer priority for PDSCH is introduced to select the PUCCH for HARQ feedback and also for HARQ codebook construction. If HARQ feedback corresponding to  PDSCHs at one physical layer priority only is included in the feedback, then the payload size of HARQ feedback can be less than that with the Rel-16 Type 3 HARQ feedback. 

Consequently, the configuration of the inclusion of NDI and CBG based HARQ ack/TB based HARQ ack feedback can be separately configured for the high physical layer priority case and for the low physical layer priority case. The following is proposed for the Rel-17 enhancement:


PhysicalCellGroupConfig ::= SEQUENCE {
…
OneShotFeedback-for-LowPriority{
   pdsch-HARQ-ACK-OneShotFeedback-r16 ENUMERATED {true} OPTIONAL, 
   pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 ENUMERATED {true} OPTIONAL,  
   pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 ENUMERATED {true} OPTIONAL
}
OneShotFeedback-for-HighPriority {
   pdsch-HARQ-ACK-OneShotFeedback-r16 ENUMERATED {true} OPTIONAL, 
   pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 ENUMERATED {true} OPTIONAL,  
   pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 ENUMERATED {true} OPTIONAL
}
…
}

Figure 2 Separate NDI and CBG feedback configuration for physical layer priority trigger


















With the proposed RRC configuration, one shot feedback can be selectively supported when “priority indicator” in DCI 1_1 is 0 and/or 1. The UE behavior for “one-shot HARQ-ACK request” and “priority indicator” is described in the table below.

	One-shot HARQ-ACK request
	Priority indicator
	UE behavior

	0
	0
	One shot HARQ-ACK is not triggered.

	0
	1
	One shot HARQ-ACK is not triggered.

	1
	0
	One shot HARQ-ACK is triggered; HARQ codebook construction is according to pdsch-HARQ-ACK-OneShotFeedback-r16  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 under OneShotFeedback-for-LowPriority;  for UCI multiplexing, the PUCCH transmission is treated as “low physical layer priority”

	1
	1
	One shot HARQ-ACK is triggered; HARQ codebook construction is according to pdsch-HARQ-ACK-OneShotFeedback-r16  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 under OneShotFeedback-for-HighPriority;  for UCI multiplexing, the PUCCH transmission is treated as “high physical layer priority”



It may be also possible that gNB schedules URLLC traffic over a selected CCs, or at least out of consideration on the feedback overhead for one shot feedback, only a selected set of CCs can be included in one shot feedback at a given physical layer priority. For example, the UE is configured with 6 CCs, CCs 1-3 are associated with eMBB traffic, CCs 4-6 are associated with URLLC traffic, then oneshot feedback with low priority includes HARQ-ACK feedback for CCs 1-3; and  oneshot feedback with high priority includes HARQ ack feedback for CCs 4-6. In another example, oneshot feedback with low priority includes HARQ ack feedback for CCs 1-6; oneshot feedback with high priority includes HARQ ack feedback for CCs 4-6. Still with the same example, note the gNB can actually schedule PDSCHs carrying eMBB data over CCs 1-4, with DCIs with their “priority indicator” set to “0”, but for oneshot HARQ feedback, when “One-shot HARQ-ACK request” = “1”, and “priority indicator” = “0”, only HARQ feedback bits for CCs 1-3 are included to reduce feedback overhead. In another word, the association of a set of CCs with a physical layer priority for oneshot HARQ feedback does not necessarily put a restriction on the freedom of gNB in choosing a CC for transmitting PDSCH carrying eMBB or URLLC data. 

One possible way to achieve further overhead reduction is through partitioning of the HARQ process IDs, e.g. with 16 HARQ process IDs at a CC, 12 IDs (say   ) can be assumed for the code state combination { One-shot HARQ-ACK request = “1”, Priority indicator = “0”}, and 4 IDs (say   ) can be assumed for { One-shot HARQ-ACK request = “1”, Priority indicator = “1”}. Note gNB still has the freedom to use any HARQ process ID for either transmission with low or high physical layer priority. However, if the gNB chooses to limit URLLC traffic with HARQ process IDs in the range {12-15}, then the one shot feedback with {One-shot HARQ-ACK request = “1”, Priority indicator = “1”} reports HAR process IDs 12-15 on the CC rather than for HARQ process IDs 0~15. Note partitioning of HARQ process IDs does not have to be exclusive: it may happen   . We note with dynamic grant PDSCHs, such a restriction should work quite well already. With SPS PDSCHs, as the HARQ process ID with a SPS PDSCH is determined with a formula from TS 38.321, it may be difficult to restrain the HARQ process IDs to a given range or a given subset of {0,1,…,15}. We have 

Proposal 2-1: to control feedback overhead, the presence of NDI and utilization of CBG based feedback can be separately configured for code states in the “priority indicator”.

Proposal 2-2: to control feedback overhead, HARQ process IDs can be grouped, one group is associated with the high priority, another is associated with the low priority.

Note for UCI multiplexing, if the PUCCH with {One-shot HARQ-ACK request = “1”, Priority indicator = “0”} is considered to be of low priority, it can be dropped when colliding with a high priority channel. In another word, a retransmission of cancelled HARQ can be cancelled or dropped.

Feature interaction between retransmission of HARQ-ACK and SPS HARQ skipping

In this section, we discuss the feature interaction between retransmission of canceled HARQ-ACK and SPS HARQ skipping. As cancellation of HARQ-ACK feedback may arise due to SPS HARQ only codebook’s PUCCH colliding with DL symbol, when the SPS HARQ skipping is supported also, the UE behavior needs to be discussed. 
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Figure 3 interaction of HARQ retransmission and SPS skipping
When SPS HARQ skipping is enabled, depending on the PDSCH decoding status, it may happen the UE would skip the transmission of PUCCH carrying SPS HARQ only at slot m. As the UE cannot transmit SPS HARQ anyway in slot m due to collision with a DL symbol. Then in slot n, where the retransmission of the SPS HARQ is allowed, there can be two UE behaviors:
UE behavior 1: 
If SPS HARQ should be skipped in Slot m according to the SPS skipping rule (e.g. all HARQ-ACKs are NACK), there is nothing to retransmit in slot n, the UE does not retransmit SPS HARQ in slot n. 
If SPS HARQ is not skipped in Slot m according to the SPS skipping rule (e.g. not all HARQ-ACKs are NACK), then the UE retransmits SPS HARQ in slot n. 
UE behavior 2:
	Irrespective of SPS skipping status in slot m, to avoid gNB blind detection, the SPS HARQ is retransmitted in slot n. 

We have
Proposal 3: study the UE behavior when SPS HARQ skipping and HARQ retransmission are both enabled.

PUCCH carrier switching
A few options were discussed at RAN1 #104-e:

· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Envisioned dynamic indication method (separate field / through PRI / ..)
· Handling of SPS HARQ?
· Effect of missed DCI?
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· What are the rules in detail – and not just certain order of cells – but what is the condition of having a different cell? The moderator would hereby like to point out the similarities of the points that need to be addressed with the SPS HARQ-ACK deferral of Sec. 2 – namely
· When is the ‘initial’ cell regarded as not valid? (condition for dynamic switch) – which PUCCH resource etc.?
· What to consider as ‘invalid’ symbols?
· Definition of the ‘target cell’? 
· Handling of mixed SCS of the UL serving cells
· ….
· Any issues with missed PRI? 
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· How is the timing pattern defined and operated (per slot / sub-slot, ..)?
· How about the timing pattern operated – details there (e.g. mixed SCS operation, etc.)

Among all the options, Alt. 1 clearly leads to the largest effort in UE implementation. Also as the original intention of PUCCH carrier switching is to exploit different DL/UL split for inter-band CA cases. DL/UL split cannot be easily changed on the fly, e.g. adjacent channel leakage would affect another operator’s spectrum, BS-to-BS interference can arise, etc; hence we don’t really see the use case for dynamic PUCCH carrier switching either. Also for SPS HARQ feedback, Alt. 1 does not provide a good solution. From consideration UE implementation complexity and the use case, Alt. 1 should be excluded for further discussion.

Alt. 2B involves more specification work than Alt. 2C as already made clear by the feature lead’s question. From that, Alt. 2C seems more suitable if in the end that PUCCH carrier switching is supported.

We have
Proposal 4: dynamic PUCCH carrier switching is excluded from further consideration.
[bookmark: _Toc54340760]Conclusion
In this contribution, we discuss solutions to reduce DL SPS demodulation effort and generation of HARQ feedback bits for DL SPS. We have

[bookmark: _Toc54340761]Proposal 2-1: to control feedback overhead, the presence of NDI and utilization of CBG based feedback can be separately configured for code states in the “priority indicator”.

Proposal 2-2: to control feedback overhead, HARQ process IDs can be grouped, one group is associated with the high priority, another is associated with the low priority.
Proposal 3: study the UE behavior when SPS HARQ skipping and HARQ retransmission are both enabled.

Proposal 4: dynamic PUCCH carrier switching is excluded from further consideration.
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Appendix: Agreements on Type 3 HARQ codebook 

Regarding Type 3 HARQ codebook, which is introduced under NR-U in Rel-16, the following agreements were reached:


Agreement (1):
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback


Agreement (2):
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ

Agreement (3):
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):
· The feedback can only be requested in a UE-specific DCI
· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)


Conclusion (4):
Further enhancements and optimizations for the case where one-shot HARQ ACK feedback and enhanced dynamic HARQ codebook are configured together are not considered.

Agreement (5):
For one-shot HARQ feedback:
· NDI can be configured to be part of one-shot HARQ feedback.
· When NDI is configured
· The latest NDI value detected by the UE is reported along with HARQ-ACK for the corresponding HARQ process ID. The UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· NDI is included for each TB
· When NDI is not configured:
· NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· UE is expected to reset HARQ-ACK state (as DTX or NACK) for a HARQ process ID once ACK is reported for the same HARQ process ID in the previous feedback
· CBG-based HARQ-ACK or TB-based HARQ-ACK can be configured to be part of the one-shot HARQ feedback for the CCs configured with CBG.
Note: For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the UE does not consider this PDSCH for one-shot HARQ codebook composition  

Agreement (6):
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback:
· The feedback can be requested in DL DCI 1_1 with the introduction of 1 bit (present if one-shot HARQ-ACK feedback is configured to the UE) for triggering the feedback 
· UE determines the PUCCH for one-shot HARQ-ACK feedback from K1, PRI, TPC
· FFS: Use of NFI for determining PUCCH
· Note: as per Rel-15 behaviour, the feedback can be piggybacked on PUSCH


Agreement (7):
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1
· This DL DCI can either schedule or not schedule a PDSCH
· Working assumption: One value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH
· If the DL DCI does not schedule a PDSCH, the HARQ process ID and NDI fields are ignored by the UE
· If UE is triggered to report both one-shot and other HARQ-ACK feedback in the same slot, the UE reports only the one-shot feedback.

Agreement (8):
· In the one-shot codebook, the NDI follows the HARQ-ACK information for each TB
· In the one-shot codebook, the ordering of information for HARQ-ACK and NDI is as follows:
· CBG index
· TB index
· HARQ process ID
· Serving cell index
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