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1. Introduction

In RAN#81, the updated study item description on physical layer enhancements for NR URLLC was approved with the following objectives [1]:
	URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

· PUSCH enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)
The following items have been identified to have relationship with URLLC but are covered in other study items and will not be studied as part of this SI:

· Multi-TRP transmission 

· Mobility improvements for higher reliability

· Beam Management

· Time Sensitive Networking related enhancements

· UL/DL intra-UE prioritization/multiplexing


In this contribution, we discuss consideration points regarding HARQ-ACK reporting enhancement techniques with BWP switching to be studied from RAN1 point of view. 
2. HARQ-ACK report enhancements with BWP switching
For URLLC, it would be crucial to guarantee reliable HARQ-ACK feedback for achieving both reliability and latency requirements in the DL transmission. For NR, wideband operation is considered and thus there is a demand on defining BWP considering limited UE RF capability not enough to cover the wide bandwidth with a single RF chain. It seems that BWP switching might be still necessary for enabling dynamic resource utilization between different service types and/or numerologies. However, currently HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching. Once BWP switching happens, HARQ-ACK feedback is unnecessarily dropped and thus inefficient HARQ-ACK reporting cannot be avoided and this will become even worse for URLLC operation. For example, assuming one BWP is operated for eMBB while another BWP is operated for URLLC, in this case, if gNB intends to switch the BWP for eMBB, even all HARQ-ACK feedback related to URLLC needs to be also dropped, which however seems undesirable. Therefore, some HARQ-ACK report enhancement in case of BWP switching can be taken into account. 
One possible approach is that for HARQ-ACK codebook determination, at least HARQ-ACK corresponding to PDSCH(s) on the carrier(s) without any BWP switching can be transmitted. Alternatively, the final HARQ-ACK codebook size for each carrier is determined as a maximum among the possible codebook sizes for all BWPs within the carrier. This would incur additional HARQ-ACK bits but can avoid unnecessary dropping of HARQ-ACK feedback. If differentiation between eMBB and URLLC in PHY layer is supported, then only including URLLC HARQ-ACK bits into HARQ-ACK codebook can be taken into consideration in order to protect URLLC HARQ-ACK transmission. 
Proposal 1: In case of BWP switching, HARQ-ACK report enhancements should be further investigated.  
3. Conclusions

In this contribution, we discussed HARQ-ACK report enhancements with BWP switching for NR URLLC. Based on the above discussion, our proposals are given as follows:

Proposal 1: In case of BWP switching, HARQ-ACK report enhancements should be further investigated.  
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