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1. Introduction
[bookmark: _Hlk4423604]In the TSG-RAN#88e plenary meeting, the scope of revised WID on enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR physical layer enhancements for NR URLLC was defined for Release 17 [1]. One of the objectives of this WI is about whether some physical layer feedback enhancements should be studied and specified for URLLC, including HARQ-ACK and CSI feedback enhancements. The objective is showed below.
· 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 
In this contribution, we firstly discuss the retransmission of cancelled HARQ-ACK. Then we discuss the PUCCH carrier switching for HARQ-ACK feedback.
2. Retransmission of cancelled HARQ-ACK 
Applicable use cases for retransmission of the cancelled HARQ-ACK 
Retransmission of cancelled HARQ-ACK can provide UE more opportunities for HARQ-ACK feedback to improve the system performance, it should be supported for at least following two cases:
· Case 1: Trigger retransmission of cancelled HARQ due to intra-UE prioritization 
For a UE with both eMBB and URLLC services, in case the collision between a PUCCH for low-priority HARQ-ACK and a PUCCH for high-priority HARQ-ACK happens, while the multiplexing for low-priority HARQ-ACK and high-priority HARQ-ACK on a PUCCH is disabled, the low-priority HARQ-ACK will be dropped. In this case, trigger retransmission of the dropped low-priority HARQ can improve the eMBB performance, the Rel-16 Type-3 HARQ-ACK codebook can be a baseline. 
· Case 2:  Trigger retransmission of cancelled SPS HARQ due to TDD collision   
In RAN1 #103-e meeting, following agreements related to avoiding SPS HARQ-ACK dropping for TDD collision were achieved [2]:
	Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 


Deferring SPS HARQ-ACK until a next available PUCCH is a semi-static method for addressing SPS HARQ-ACK dropping for TDD systems, while dynamic triggering SPS HARQ-ACK retransmission is a dynamic method, which is controlled by gNB. In our views, different options can be applied for different use cases. For example, when the earliest available PUCCH resource for delayed SPS HARQ-ACK defined in option 1 doesn’t satisfy the latency requirement, gNB can dynamically trigger option 2 to provide a PUCCH resource for SPS HARQ-ACK. Therefore, triggering retransmission of cancelled SPS HARQ should be enabled by gNB.
Number of different enhanced Type 3 codebook(s)
In last meeting, the number of different enhanced Type-3 HARQ-ACK codebooks that should be supported in Rel-17 was discussed but no consensus was reached [3]. Considering that the retransmission of the cancelled HARQ can be used for at least two above cases, separate enhancements for Type-3 HARQ-ACK codebook for different use cases can achieve optimized HARQ-ACK codebook size, e.g., enhanced Type-3 HARQ-ACK codebook for SPS PDSCH only will have smaller codebook size than a unified enhanced Type-3 HARQ-ACK codebook for both DG PDSCH and SPS PDSCH. Therefore, more than one enhanced Type-3 HARQ-ACK codebook should be supported in Rel-17.
In our understanding, a UE doesn’t need to support Rel-17 enhanced Type-3 codebooks(s) and Rel-16 Type-3 codebook at the same time, thus UE can distinguish Rel-17 enhanced Type-3 codebooks(s) and Rel-16 Type-3 codebook by RRC configuration. If multiple Rel-17 enhanced Type-3 codebooks are supported, gNB can indicate UE that the triggered Type-3 HARQ-ACK codebook by using different RNTI or explicit indication by DCI.
Dynamic triggering of a Type-3 HARQ-ACK codebook for SPS HARQ-ACK retransmission
In Rel-16, when one-shot HARQ-ACK request is received by UE, a Type-3 HARQ-ACK codebook containing the all DL HARQ processes for all CCs configured for a UE in the PUCCH group will be generated. While if directly reuse the Rel-16 one-shot HARQ-ACK feedback mechanism for SPS PDSCH, it will cause large redundancy. To reduce the Type-3 HARQ-ACK codebook size, following enhanced solutions can be considered:
· Alt.1: gNB can trigger the one-shot HARQ-ACK feedback for the SPS PDSCH only by a DL DCI with or without scheduling PDSCH. The requested HARQ-ACK codebook contains the number of all DL HARQ processes for all the configured/activated SPS configuration(s) in the configured CC(s).
· Alt.2: gNB can trigger the one-shot HARQ-ACK feedback for the SPS PDSCH only by a DL DCI without scheduling PDSCH. The requested HARQ-ACK codebook contains only the number of DL HARQ processes for the indicated SPS configuration(s) in the configured CC(s). HARQ-ACK for which SPS configuration will be reported can be indicated by reusing HPN field in the request DCI. 
· Alt.3: gNB can trigger the one-shot HARQ-ACK feedback for the SPS PDSCH only by a DL DCI with or without scheduling PDSCH. The requested HARQ-ACK codebook contains a set of DL HARQ processes for the configured/activated SPS configuration(s) in the configured CC(s). The association between the set of the DL HARQ processes and the configured/activated SPS configuration is configured for UE by RRC. 
In Rel-16, PUCCH resource set SPS-PUCCH-AN-List-r16 is provided for UE for SPS PDSCH only, while if support the requested Type-3 HARQ-ACK codebook only containing HARQ-ACK for SPS PDSCH only, whether UE determines the PUCCH resource for the Type-3 HARQ-ACK codebook based on UCI payload from SPS-PUCCH-AN-List-r16  or based on PRI indication in the requested DCI from PUCCH-ResourceSet for DG PDSCH may need to be further studied. 
 
Proposal 1:
· Support more than one enhanced Type-3 HARQ-ACK codebook in Rel-17.

Proposal 2:
· Support dynamic triggering of a Type-3 CB of HARQ-ACK re-transmission for SPS PDSCH due to collision between PUCCH resource and invalid symbol. 
· Following options can be considered to reduce the Type-3 HARQ-ACK codebook size:
· Alt.1: The requested HARQ-ACK codebook contains the number of all DL HARQ processes for all the configured/activated SPS configuration(s) in the configured CC(s).
· Alt.2: The requested HARQ-ACK codebook contains only the number of DL HARQ processes for the indicated SPS configuration(s) in the configured CC(s). 
· Alt.3: The requested HARQ-ACK codebook contains a set of DL HARQ processes for the configured/activated SPS configuration(s) in the configured CC(s).

Proposal 3:
· Further study the PUCCH resource determination for the triggered Type-3 HARQ-ACK codebook for SPS PDSCH only if supported.

3. PUCCH carrier switching for HARQ-ACK feedback
In RAN1 #104-e meeting, following agreements related to PUCCH carrier switching for HARQ-ACK feedback were achieved [4]:
	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
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
Note: Realistic deployment scenarios including TDD configurations should be considered for the study


In NR Rel-16, UE can only transmit PUCCH on a cell (Pcell or PUCCH-Scell) within a PUCCH group. Under such restriction, for a URLLC UE, due to there is no early available PUCCH resource in the Pcell or PUCCH-Scell for HARQ-ACK transmission in a given TDD configuration, the latency requirement may not be met in some cases, as shown in Fig.1. In our view, supporting PUCCH carrier switching in a PUCCH group when multiple cells for PUCCH transmission for HARQ-ACK are configured can help to reduce the HARQ-ACK feedback latency, as shown in the Fig.2, which is beneficial for the URLLC service. Therefore, PUCCH carrier switching for HARQ-ACK feedback should be supported in Rel-17.
[image: ]
Fig. 1Example for PUCCH transmission only allowed on a cell
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Fig. 2 Example for PUCCH carrier switching for HARQ-ACK
Regarding the above three alternatives of PUCCH carrier switching indication, the details of the alternatives and which alternative should be selected are still unclear. Our views are shared as following:
· Alt.1:  PUCCH carrier switching is based dynamic indication in DCI
One method of Alt.1 proposed by some companies is to introduce a new DCI field to indicate the UL carrier for PUCCH transmission, HARQ-ACK bits of PDSCHs will be multiplexed on a PUCCH resource if the HARQ-ACK bits are indicated to be transmitted on a same UL carrier in a same slot/sub-slot by their scheduling DCIs [5].    
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
For Alt.2B, considering that the multiple cells for PUCCH transmission may be configured with different numerologies, the predefined rules below can be considered.
· Firstly, UE determines a slot for HARQ-ACK feedback transmission based on the HARQ-ACK timing k1 indication with a reference numerology. The reference numerology determination can be down-selected from the two options:     
· Option 1: The reference numerology is the numerology with the largest 𝜇 value among the 𝜇 values of the configured multiple PUCCH cells.
· Option 2: The reference numerology is the numerology of the PUCCH cell with highest priority, e.g., the numerology of the Pcell.
· Then UE determines a cell in order of priority from highest to lowest with enough available symbols (not collide with DL symbol or DL reception) within the corresponding determined slot for PUCCH transmission. If option 2 is applied, when the 𝜇 value of determined cell is larger than the 𝜇 value of the reference numerology, then more than one slot on the cell may be determined based on the k1 value, UE determines the first available slot for PUCCH transmission.  


Fig. 6 Example for the first available slot determination of option 2 
· Alt.2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells. 
For Alt.2C, gNB may configure a bit mapping PUCCH cell timing pattern by RRC, then UE will know the PUCCH cell for HARQ-ACK transmission in a given slot/sub-slot. 
Compared with Alt.2B and Alt.2C, Alt.1 is simpler and more flexible, but it will increase the DCI overhead. In addition, Alt.1 can only be applicable to dynamically scheduled PDSCH, additional PUCCH carrier switching method for SPS PDSCH needs to be considered, which is complicated for the system. For Alt.2C, it doesn’t require additional DCI overhead, but it is not flexible as Alt.1 and Alt.2B and may restrict the benefits of PUCCH carrier switching.  Alt.2B is also a flexible method, which is applicable to both dynamically scheduled PDSCH and SPS PDSCH, and it doesn’t need to introduce additional signalling overhead. Therefore, Alt.2B is slightly preferred. 
As pointed out by other company [6], another open issue related to PUCCH carrier switching is power control of PUCCH. For example, it should be further studied that whether separate or joint closed loop power control for PUCCH transmissions on multiple cells is operated and how to apply the TPC command value in group common DCI format 2_2 for accumulative power control for PUCCH.

 Proposal 4：
· Support PUCCH carrier switching for HARQ-ACK feedback in Rel-17.
· A predefined rule can be used for determining the UL carrier for PUCCH transmission.  

Proposal 5：
· Further study the PUCCH power control if PUCCH carrier switching for HARQ-ACK is supported.

4. Conclusion
In this contribution, we discussed the possible enhancements for HARQ-ACK feedback for URLLC. Proposals are summarized as following: 
 Proposal 1:
· Support more than one enhanced Type-3 HARQ-ACK codebook in Rel-17.

Proposal 2:
· Support dynamic triggering of a Type-3 CB of HARQ-ACK re-transmission for SPS PDSCH due to collision between PUCCH resource and invalid symbol. 
· Following options can be considered to reduce the Type-3 HARQ-ACK codebook size:
· Alt.1: The requested HARQ-ACK codebook contains the number of all DL HARQ processes for all the configured/activated SPS configuration(s) in the configured CC(s).
· Alt.2: The requested HARQ-ACK codebook contains only the number of DL HARQ processes for the indicated SPS configuration(s) in the configured CC(s). 
· Alt.3: The requested HARQ-ACK codebook contains a set of DL HARQ processes for the configured/activated SPS configuration(s) in the configured CC(s).

Proposal 3:
· Further study the PUCCH resource determination for the triggered Type-3 HARQ-ACK codebook for SPS PDSCH only if supported.

Proposal 4：
· Support PUCCH carrier switching for HARQ-ACK feedback in Rel-17.
· A predefined rule can be used for determining the UL carrier for PUCCH transmission.  

Proposal 5：
· Further study the PUCCH power control if PUCCH carrier switching for HARQ-ACK is supported.
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