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Introduction
To satisfy the further improved reliability/latency requirement, the SI in RAN #80 pointed out to increase the number of HARQ transmission possibility within a slot [1]. In RAN1 #94, it was agreed to study how to enable more than one HARQ-ACK in a slot, and finer indication of the HARQ-ACK feedback timing [2]. 
	SI in RAN #80
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
Agreements in RAN1 #94:
Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH piggyback
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded


To enable more than one HARQ-ACK in a slot, the first problem need to be resolved is how to acquire the UL resource. As is known, HARQ-ACK can be transmitted on PUCCH resource or piggybacked on PUSCH resource. Hence, in this contribution, we will discuss on URLLC enhanced HARQ-ACK feedback over PUCCH and PUSCH, separately. 
[bookmark: _Ref228947482]HARQ-ACK carried on PUCCH 
   Based on whether the PUCCH resource for URLLC HARQ-ACK overlap with that for eMBB HARQ-ACK, we have the following discussions. 
Separate PUCCH resource for URLLC HARQ-ACK 
  When the PUCCH resource for URLLC HARQ-ACK do not overlap with that for eMBB HARQ-ACK, finer indication for feedback timing is agreed for further study in last meeting.  Here, we provide the following three methods of symbol-level indication. 
1)  Selecting the starting symbol of the enhanced HARQ-ACK from the predefined fixed symbols
This method is suitable for the case where the latency requirement is not so high, such as the smallest latency requirement in Rel-15. Suppose the subcarrier spacing is 30kHz, the URLLC L1 latency bound is 1ms, and assume the predefined symbols for HARQ-ACK in a slot is the 3rd, 7th, and 10th symbol. For instance, as shown in Fig.1 (a), when the URLLC PDSCH ends at the 2nd symbol, the enhanced HARQ-ACK starts at the 7th symbol. Furthermore, to improve the resource utilization, other UCI and PUSCH can be transmitted on the above predefined symbols, but the URLLC HARQ-ACK has the highest priority. 
2) The enhanced HARQ-ACK starts after a fixed period of time where the URLLC PDSCH ends
This method is suitable for the scenario where the latency requirement is extremely high, such as the smallest latency requirement in Rel-16. Assume the URLLC PDSCH ends at symbol s, then the enhanced HARQ-ACK starts at symbol s+k. For example, as shown in Fig.1 (b), where s=2, k=2, and the subcarrier spacing is 30kHz, the URLLC L1 latency bound is 0.5ms. 
3) DCI dynamically indicate the starting symbol of HARQ-ACK from any of the available UL symbols 
This method can provide more flexibility, where any of the UL symbol that satisfy the latency requirement can be indicated to be the starting symbol of the URLLC enhanced HARQ-ACK, as illustrated by Fig.1 (c). 


Fig.1 Illustration of dedicated PUCCH resource for enhanced HARQ-ACK. 
Proposal 1: Regarding symbol-level indication of URLLC enhanced HARQ-ACK feedback timing, study the following three methods of determining the starting symbol of HARQ-ACK feedback:
· Selects from some predefined fixed symbols in a slot;
· Starts after a fixed period of time where the URLLC PDSCH ends;
· Dynamically indicated by DCI from any of the available UL symbols. 
Overlapping PUCCH resource for URLLC HARQ-ACK with that of eMBB HARQ-ACK
When the available PUCCH resource that can satisfy the latency requirement overlap with that for eMBB HARQ-ACK, we can choose to preempt or multiplex the PUCCH resource for eMBB HARQ-ACK, based on the latency and reliability requirement of URLLC. 
Preemption of the PUCCH resource 
Fig.2 shows the case where URLLC enhanced HARQ-ACK preempts the PUCCH resource where eMBB HARQ-ACK is supposed to transmit. Specifically, UE can be configured to drop all or part of the eMBB HARQ-ACK information bits. 


Fig.2 URLLC enhanced HARQ-ACK preempts the PUCCH resource of eMBB HARQ-ACK
Multiplexing the PUCCH resource 
    When the reliability requirement of the enhanced HARQ-ACK is not very high, and the available UL resource that can satisfy the URLLC latency requirement collide with that of eMBB HARQ-ACK, we can consider to multiplex the UL resource of eMBB HARQ-ACK. Fig.3 shows the case of URLLC enhanced HARQ-ACK multiplexing the UL resource for eMBB HARQ-ACK, where the HARQ-ACK codebook is determined by jointly considering the URLLC enhanced HARQ-ACK and eMBB HARQ-ACK. 


Fig.3 URLLC enhanced HARQ-ACK multiplexes the PUCCH resource with eMBB HARQ-ACK
Proposal 2: Consider the following two kinds of methods when the PUCCH resource for HARQ-ACK for URLLC and eMBB overlap
· URLLC HARQ-ACK pre-empts the whole or part of the overlapped PUCCH resource;
· URLLC HARQ-ACK multiplexes the overlapped PUCCH resource with eMBB HARQ-ACK.
HARQ-ACK piggybacked on PUSCH
The case when PUCCH with only URLLC HARQ-ACK overlaps with PUSCH
For eMBB PUSCH, when the latency requirement can be met, DCI format 1_1 with   indicator can be used to dynamically adjust the number of occupied REs by HARQ-ACK. For URLLC PUSCH, the corresponding PDCCH itself requires very high reliability and thus may not contain  indicator by default. In such case, a straightforward solution is to configure separate sets of  for eMBB and URLLC. 
Proposal 3: Consider to allow configuration of separate sets of  for eMBB and URLLC.
The case when PUCCHs with URLLC HARQ-ACK and other UCIs overlap with PUSCH
   In this case, we assume the PUCCH with URLLC HARQ-ACK has the highest priority. Specifically, gNB can configure to drop all or part of the information bits of other UCIs, which include both eMBB HARQ-ACK and other UCIs (e.g., CSI, SR) of URLLC and eMBB. 
Proposal 4: Consider to allow to drop all or part of the information bits of eMBB HARQ-ACK to prioritize the URLLC HARQ-ACK on PUSCH. 
Dynamic switching between HARQ-ACK and HARQ-less retransmission
   When there is temporally no available UL resource after the first transmission, gNB can notify UE not to feedback the A/N and retransmit the PDSCH to wait for the available UL resource for HARQ-ACK. Fig.4 shows the case where the first Tx has no available UL resource for HARQ-ACK, while the first retransmission has the available resource for HARQ-ACK feedback. 


Fig.4 Dynamic switching between HARQ-less and HARQ-ACK.
Proposal 5: Consider the dynamic switching between HARQ-ACK Tx and HARQ-less Tx, based on the availability of UL resource for HARQ-ACK.  
Conclusions
In this contribution, the following observations and proposals are summarized:
Proposal 1: Regarding symbol-level indication of URLLC enhanced HARQ-ACK feedback timing, study the following three methods of determining the starting symbol of HARQ-ACK feedback:
· Selects from some predefined fixed symbols in a slot;
· Starts after a fixed period of time where the URLLC PDSCH ends;
· Dynamically indicated by DCI from any of the available UL symbols. 
Proposal 2: Consider the following two kinds of methods when the PUCCH resource for HARQ-ACK for URLLC and eMBB overlap
· [bookmark: _GoBack]URLLC HARQ-ACK pre-empts the whole or part of the overlapped PUCCH resource;
· URLLC HARQ-ACK multiplexes the overlapped PUCCH resource with eMBB HARQ-ACK.
Proposal 3: Consider to allow configuration of separate sets of  for eMBB and URLLC.
Proposal 4: Consider to allow to drop all or part of the information bits of eMBB HARQ-ACK to prioritize the URLLC HARQ-ACK on PUSCH. 
Proposal 5: Consider the dynamic switching between HARQ-ACK Tx and HARQ-less Tx, based on the availability of UL resource for HARQ-ACK.  
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