3GPP TSG RAN WG1 #105-e		R1- 2105188
[bookmark: _GoBack]e-Meeting, May 10th – 27th, 2021

Source:	Panasonic
Title: 	Discussion on UE feedback enhancements for HARQ-ACK
Agenda Item:		8.3.1.1
Document for:	Discussion
Introduction
A work item on enhanced IIoT and URLLC was approved [1]. One of objectives of this work item is to study, identify and specify if needed, required physical layer enhancements for meeting URLLC requirement covering UE feedback enhancements for HARQ-ACK. This document provides our view on potential techniques related to UE feedback enhancement for HARQ-ACK.
Discussion
PUCCH carrier switching 
The PUCCH carrier switching was considered as a solution for reducing the latency of UCI transmissions, especially in TDD scenarios. In RAN1#104e, the following agreements were made.
Agreements:
· For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
These alternatives were discussed in RAN1#104bis-e meeting. However, there was no consensus to support which of the alternatives as companies had technical concerns regarding them.
Alt. 1 provides a high scheduling flexibility for the network to perform PUCCH carrier switching. A gNB can dynamically take into account the PUCCH resource availability on the carrier, the short term channel condition, the required reliability and corresponding SCS. These dynamic factors are not possible to be taken into account for semi-static methods like Alt.2B and Alt.2C. As the signaling method, the PUCCH carrier indication should be derived from the PRI. This allows to configure different number of PUCCH resources for the PUCCH carriers. It also differentiates the PUCCH resource among PUCCH carriers. If current PRI size is not sufficient, it can increase the number of entry for PRI. Extending the PRI field is more efficient than introducing a carrier index field in the DCI, which entails using the same number and location of PUCCH resources among all the PUCCH carriers in spite of possible difference of SCS. For applying the cross carrier switching to SPS, SR, and semi-persistent/periodic CSIs, when they are multiplexed and carried by dynamically indicated PUCCH, Alt 1 can work as the solution. When they are not multiplexed and carried by dynamically indicated PUCCH, we don't aware of technical merit to apply PUCCH carrier switching to them. Even if there is some merit, just not to support carrier switching for them would be sufficient considering time availability of the standardization.
The Support of Alt. 2B may require considering different criteria to define rules for carrier selection. Still, the gNB would not have a full control to choose a PUCCH carrier for the UE in all instances. This may lead to collision of PUCCH resources among different UEs. In addition, this alternative requires high amount of implementation effort and specification changes in order to take into account different criteria of carrier selection.
For Alt. 2C, the UE needs to be configured with a timing pattern to select the PUCCH carrier at each instance. Defining the timing pattern, through RRC, may introduce a large signaling overhead, especially when the employed SCS is high or/and the periodicity of the DL-UL slot pattern is high. In addition, the timing pattern need to be updated after enabling/disabling a PUCCH carrier or sending a SFI.
Proposal 1: Consider only Alt. 1 for dynamic PUCCH carrier switching in Rel. 17.
Proposal 2: PUCCH carrier should be identified through the PRI filed. To enlarge PRI field should be considered.

One of the raised issues for dynamic carrier switching was related to the missed-DCI incident, which may lead to codebook size ambiguity and wrong PUCCH carrier usage. This incident can be avoided by restricting the dynamic DCIs for a given codebook pointing to the same PUCCH resource. This ensures using the correct PUCCH carrier and resource.
Proposal 3: gNB should restrict the dynamic DCIs to point to the same PUCCH carrier for a given codebook construction.

To fully exploit the dynamic PUCCH carrier switching for reducing the latency, it is beneficial to support PUCCH carrier(s) with high SCS. For this purpose, the UE needs to determine the exact slot/mini-slot on the target carrier to transmit HARQ-ACKs. For this purpose, the k1 value should be derived according to SCS of the target PUCCH carrier. However, using the same set of k1 values regardless of SCS is not optimal for different SCSs, considering the minimum processing time to construct a codebook. Hence, k1 values should be interpreted considering the PUCCH carrier or employed SCS of the PUCCH carrier. This can be achieved in different ways.
Option 1: The UE can be configured with constant offset values, through RRC, for the PUCCH carriers. The offset value for a carrier  is defined as . The slot/mini-slot number over the PUCCH carrier  is expressed 
,
where  is the slot/mini-slot number of received DCI,  and  are SCSs associated to PDCCH and PUCCH, respectively.   is derived from PDSCH-to-HARQ_feedback timing indicator field in the DCI and is the same for all PUCCH carriers.
Option 2: The UE can be configured, through RRC, with separate sets of k1 values for SCSs [2]. The k1 set is the same among the PUCCH carriers with the same SCS.
Option 3: The UE can be configured, through RRC, with separate sets of k1 values for the PUCCH carriers. This allows defining different k1 sets for different PUCCH carrier, even with the same SCS, which provides a higher scheduling flexibility.
Proposal 4: Support different SCSs for PUCCH carriers within a PUCCH cell group.
Proposal 5: The SCS of the target PUCCH carrier is considered for determining the timing of the PUCCH resource.
Proposal 6: To support PUCCH carriers with different SCSs, the RRC signaling is used with one of the following options.
· Option 1: A set of offset values are defined for different SCSs,
· Option 2: Different sets of k1 values are defined for different SCSs,
· Option 3: Different sets of k1 values are defined for different PUCCH carriers.

Retransmission of cancelled HARQ
In Rel.15, HARQ-ACK codebook is constructed without any consideration of latency and/or reliability requirements and these HARQ-ACK bits are multiplexed in one PUCCH. In Rel.16, in order to ensure latency and/or reliability requirements, two HARQ-ACK codebooks can be simultaneously constructed for supporting different service types. If UE is indicated to generate two HARQ-ACK codebooks, a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 (i.e., low priority) and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1 (i.e., high priority). Rules for the two HARQ-ACK codebooks for supporting different service types had been specified such that in case a high priority UL transmission overlaps with a low priority UL transmission, only the higher priority codebook can be transmitted and the lower priority codebook is dropped. Although this behaviour ensures the HARQ-ACK reliability with higher priority (such as URLLC traffic), the spectral efficiency of lower priority traffic (such as eMBB) would be degraded.
To improve this, specifying multiplexing of HARQ-ACK feedback codebooks associated to different priorities into one PUCCH or PUSCH is discussed in different agenda. Another enhancement to prevent system inefficiency due to HARQ-ACK dropping would be HARQ-ACK retransmission. This has been already specified in Rel.16 NR-U to overcome the dropping of HARQ-ACK transmission due to the LBT failure. The technique specified in Rel.16 NR-U, i.e., Type-3 HARQ-ACK codebook can be a starting point. In our view, since multiplexing the HARQ-ACK with different priorities into one PUCCH or PUSCH has already been one of objectives to be specified, the motivation to support retransmission of cancelled HARQ is not so much. Therefore, it would be sufficient to reuse the existing mechanism of Type-3 HARQ-ACK codebook and focus on the necessary modifications. For example, as in Rel.16, triggering DCI can schedule PDSCH at the same time. In Rel.16, Type-3 HARQ-ACK codebook includes all HARQ processes regardless of the HARQ-ACK priority. Therefore, the codebook construction is independent of the indicated PHY priority. The potential enhancement would be codebook size reduction. Instead of all configured cells, only activated cells are included to reporting. It would be a straightforward extension to remove the useless bits of inactivated cells from the codebook. Further extension seems to be dynamic codebook size adaptation based on the actual use of HARQ processes or HARQ-ACK dropping situation, but it would be more optimization. Therefore, we propose the codebook size of triggered Type-3 HARQ-ACK codebook is determination by RRC configuration and/or activation.
[bookmark: _Toc68560607]Proposal 7: If retransmission of cancelled HARQ is supported, reuse the HARQ feedback based on Type-3 HARQ-ACK codebook.
Proposal 8: The codebook size of triggered Type-3 HARQ-ACK codebook should be determined by RRC configuration and activation.
Conclusion
In this contribution, we provide our view on UE feedback enhancement for Rel.17 enhanced IIoT/URLLC. We made following proposals.
Proposal 1: Consider only Alt. 1 for dynamic PUCCH carrier switching in Rel. 17.
Proposal 2: PUCCH carrier should be identified through the PRI filed. To enlarge PRI field should be considered. Proposal 3: A gNB should restrict the dynamic DCIs to point to the same PUCCH carrier for a given codebook construction.
Proposal 4: Support different SCSs for PUCCH carriers within a PUCCH cell group.
Proposal 5: The SCS of the target PUCCH carrier is considered for determining the timing of the PUCCH resource.
Proposal 6: To support PUCCH carriers with different SCSs, the RRC signaling is used with one of the following options.
· Option 1: A set of offset values are defined for different SCSs
· Option 2: Different sets of k1 values are defined for different SCSs
· Option 3: Different sets of k1 values are defined for different PUCCH carriers
Proposal 7: If retransmission of cancelled HARQ is supported, reuse the HARQ feedback based on Type-3 HARQ-ACK codebook.
Proposal 8: The codebook size of triggered Type-3 HARQ-ACK codebook should be determined by RRC configuration and activation.
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