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Introduction
In RAN1 #94 and #95 meeting, it was agreed to support multiple PDCCHs for HARQ-ACK within a slot [1-2]. Furthermore, in RAN1 #95, nine problems were pointed out to call for detailed solutions [2], as described in the following table. 
	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
· 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
Agreements in RAN1 #95:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion:
For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?


The above mentioned nine problems can be classified into three kinds: how to determine the mapping relationship between multiple PDSCHs and the PUCCH for HARQ-ACK, how to configure/indicate/determine the PUCCH resource, and other problems.  In this contribution, the first two kinds of problems are discussed. 
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In this section, the following three problems and potential solutions are discussed.
Mapping between multiple PDSCHs and multiple PUCCHs for HARQ-ACK within a slot
Firstly, in the case of both dynamic and semi-static HARQ-ACK codebook, to satisfy the low latency requirement of URLLC, the multiplexing window in time domain for URLLC should be smaller than that of eMBB, as shown in Fig.1, where multiplexing window 2 is smaller than multiplexing window 1. The PDSCHs in the multiplexing window can multiplex one PUCCH to transmit their corresponding HARQ-ACK information bits. Furthermore, if there is no overlapping between the above two multiplexing windows, so the HARQ-ACK information bits of eMBB PDSCH should also satisfy the reliability requirement of URLLC HARQ-ACK, which will leads to the waste of PUCCH resource. Therefore, separate and overlapping multiplexing windows for eMBB and URLLC are recommended. 


Fig.1 Illustration of the multiplexing windows for eMBB and URLLC.
Secondly, since there are multiple PUCCHs for HARQ-ACK within a slot, the related PDSCHs which would transmit HARQ-ACK in the slot should be divided into different groups. Various methods of grouping has been summarized in [3], a promising method is to divide the PDSCHs with DCI pointing to the same PUCCH for HARQ-ACK transmission into the same group. In the case of dynamic HARQ-ACK codebook, this method can separate URLLC PDSCHs and eMBB PDSCHs in the overlapping multiplexing windows by utilizing DCI pointing to different PUCCHs. 
However, in the case of semi-static codebook, the above grouping method based on DCI is not enough to distinguish URLLC PDSCHs and eMBB PDSCHs in the overlapping multiplexing windows, because the determination of semi-static codebook is not dependent on the DCI contents. Thus, to distinguish eMBB PDSCHs and URLLC PDSCHs in the overlapping multiplexing windows for semi-static codebook, a possible method is to divide the multiple PDSCHs into two groups according to whether it is type A PDSCH or type B PDSCH. 
Finally, separate HARQ-ACK codebooks for URLLC and eMBB with different sizes and coding schemes are necessary to satisfy the high reliability requirement of URLLC. 
Proposal 1 In the case of both semi-static and dynamic HARQ-ACK codebook, consider separate and overlapping multiplexing windows, and separate PUCCH resource for URLLC HARQ-ACK and eMBB HARQ-ACK.
Proposal 2 In case of semi-static HARQ-ACK codebook, further consider utilizing the type of PDSCH to distinguish eMBB PDSCH and URLLC PDSCH in the overlapping multiplexing windows. 
Proposal 3 Consider separate HARQ-ACK codebook for URLLC and eMBB.

Determination of PUCCH resource for HARQ-ACK
In Rel-15, the PUCCH resource determination is based on a PUCCH resource indicator (PRI) field in a last DCI format 1_0 or DCI format 1_1, that UE detects and for which the UE transmits corresponding HARQ-ACK in the PUCCH. In other words, only the last DCI has valid PRI field, while other DCIs have invalid PRI fields. However, when PDSCHs are grouped by the DCI indicated PUCCH resources for HARQ-ACK, each DCI corresponding to the PDSCH should have valid PRI field. Otherwise, a huge mistake will be generated in the corresponding HARQ-ACK codebook.
Proposal 4 In Rel-16, the PRI field in each DCI indicating the PUCCH resource for HARQ-ACK should be valid.
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Indication of starting symbol of the PUCCH resources for HARQ-ACK
In this section, three possible methods of indicating the starting symbol of the PUCCH resource are discussed.
1)  UE autonomously selects one from the predefined symbol-level resource set.
This method is suitable for the case where the latency requirement is not very high, such as 1ms or more than 1ms-latency.
For example, symbol-level resource could be defined via predefining the starting symbols. Each resource is predefined, e.g. 2 symbols. Suppose the subcarrier spacing is 30kHz, the URLLC L1 latency bound is 1ms, and assume the predefined starting symbols for HARQ-ACK in a slot is the 3rd, 7th, and 10th symbol. As shown in Fig.2 (a), when the URLLC PDSCH ends at the 2nd symbol, the UE sends the enhanced HARQ-ACK from the 7th symbol.
Furthermore, to improve the resource utilization, other UCI and PUSCH can be transmitted on the above predefined resource as well, but the URLLC HARQ-ACK has the highest priority.
2) Autonomous and synchronous HARQ-ACK feedback, i.e. 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 high, such as less than 1ms latency. 
Assume the URLLC PDSCH ends at symbol s, then the enhanced HARQ-ACK starts at symbol s+k. For example, as shown in Fig.2 (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.2 (c). 


Fig.2 Illustration of the three methods of indicating starting symbol of the PUCCH resources for HARQ-ACK.

Proposal 5 Support symbol-level indication for enhanced HARQ-ACK feedback. Following methods could be taken into account
· UE automatically selects PUCCH resource from predefined resource set;
· Autonomous and synchronous HARQ-ACK feedback, PUCCH resource is predefined;
· PUCCH resource are predefined. The starting symbol of PUCCH resource is dynamically indicated by DCI from any of the available UL symbols in a slot. 


Conclusions
In this contribution, the following proposals are summarized:
Proposal 1 In the case of both semi-static and dynamic HARQ-ACK codebook, consider separate and overlapping multiplexing windows, and separate PUCCH resource for URLLC HARQ-ACK and eMBB HARQ-ACK.
Proposal 2 In case of semi-static HARQ-ACK codebook, further consider utilizing the type of PDSCH to distinguish eMBB PDSCH and URLLC PDSCH in the overlapping multiplexing windows. 
Proposal 3 Consider separate HARQ-ACK codebook for URLLC and eMBB.
Proposal 4 In Rel-16, the PRI field in each DCI indicating the PUCCH resource for HARQ-ACK should be valid. 
Proposal 5 Support symbol-level indication for enhanced HARQ-ACK feedback. Following methods could be taken into account
· UE automatically selects PUCCH resource from predefined resource set;
· Autonomous and synchronous HARQ-ACK feedback, PUCCH resource is predefined;
· PUCCH resource are predefined. The starting symbol of PUCCH resource is dynamically indicated by DCI from any of the available UL symbols in a slot. 
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