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Introduction
In this paper, we discuss enhancements on transmission of HARQ-ACK on PUCCH and PUSCH for URLLC.
In RAN1 Ad-hoc meeting 1901, it was agreed that at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE. Furthermore, five problems are identified for further study. 
	Agreements in RAN1 Ad-hoc 1901:
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC


[bookmark: _Ref228947482]Supporting multiple PUCCHs for HARQ-ACK in a slot
Specifically, the following four problems are discussed: the multiplexing window for HARQ-ACK codebook determination, the method of identifying dynamic and semi-static HARQ-ACK codebook for URLC and eMBB, the method of determining the PUCCH resource for HARQ-ACK codebook, and the method of indicating the starting symbol of PUCCH resource.
Independent multiplexing windows for URLLC and eMBB
As shown in Fig.1 (a), both URLLC and eMBB are possible to transmit in the same slot/window, the PDSCHs in the same multiplexing window may form two separate HARQ-ACK codebooks. Furthermore, to satisfy the low latency requirement of URLLC in the case of both dynamic and semi-static HARQ-ACK codebook, the multiplexing window in time domain for URLLC should be smaller than that of eMBB. As shown in Fig.1 (b), where multiplexing window 2 and 3 are smaller than multiplexing window 1. Therefore, independent multiplexing windows for eMBB and URLLC are recommended. 

 
Fig.1 Illustration of the multiplexing windows for eMBB and URLLC.
Proposal 1 Support independent multiplexing windows for separate dynamic/semi-static HARQ-ACK codebooks.

Determine the dynamic HARQ-ACK codebook for URLLC
In Rel-15, because one slot can contain only one A/N PUCCH, the PDSCHs with DCIs pointing to the same slot are put into one group, i.e. the A/N of these PDSCH are fed back via one HARQ-ACK codebook. In Rel-16, more than one A/N PUCCH within one slot has already been agreed. Hence, ‘slot’ cannot be utilized to group PDSCH anymore. Using ‘A/N PUCCH’ to group URLLC PDSCHs make more sense, i.e. put the PDSCHs with DCIs pointing to the same A/N PUCCH into one group.
Proposal 2 Grouping the PDSCHs with DCIs pointing to the same A/N PUCCH should be supported in Rel-16.
The PRI field in URLLC DCI and the higher layer parameter pucch-ResourceSetId could be utilized by UEs to determine which PDSCH group the scheduled URLLC PDSCH belongs to, i.e. determine which PUCCH carries the A/N bit(s) of this URLLC PDSCH. For example, one-to-one mapping relationship between pairs of PRI and pucch-ResourceSetId and A/N PUCCH resources is defined. A/N bits of PDSCHs corresponding the same A/N PUCCH form one HARQ-ACK codebook.
Proposal 3 In case of dynamic HARQ-ACK codebook, UEs utilize the PRI field in DCI and the higher layer parameter pucch-ResourceSetId to determine the HARQ-ACK codebook for URLLC service.
· One-to-one mapping relationship between pairs of PRI and pucch-ResourceSetId and A/N PUCCH resources needs to be defined.
Determine the semi-static HARQ-ACK codebook for URLLC
In the case of semi-static codebook, utilizing PRI and pucch-ResourceSetId cannot 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. 
Proposal 4 In case of semi-static HARQ-ACK codebook, UEs utilize the type of PDSCH to determine the HARQ-ACK codebook for URLLC service. 
Indicate the starting symbol of the PUCCH resources for HARQ-ACK
In this paper, we prefer slot-based K1 indication with different starting symbols, which has lower signaling overhead and has less standardization impact. 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 slot-based K1 indication with different starting symbols, and consider the following three methods of indicating the starting symbol of PUCCH resource for HARQ-ACK codebook:
· 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. 

UCI piggyback on PUSCH
UCI piggyback decreases the REs for UL-SCH data and has a negative impact on its reliability. Compared to eMBB type UL-SCH data, the impact gets larger for URLLC type UL-SCH data due to limited times of potential retransmission. In Rel-15, beta_offset is used to control the occupied REs by UCI piggyback, the lowest value of beta_offset is 1.0. To prioritize PUSCH for URLLC in the case of overlapping between eMBB PUCCH and URLLC PUSCH, the beta_offset value of 0.0 should be considered to enable dropping of UCI.
[bookmark: _GoBack]Occupied REs by UCI piggyback should be adaptively adjusted depending on the type of data to support URLLC and eMBB simultaneously from the UE perspective. As shown in [4], with small UCI size and beta-offset, BLER of 10^{-5} can be achieved by one-shot transmission without significant increase of required SNR. As the UCI size and beta-offset increase, the BLER performance of UL-SCH degrade. In fact, for the low SNR region, a large beta-offset is needed to guarantee the reliability of UCI. That causes very large negative impact on the reliability of PUSCH. It is reasonable to use different range of beta_offset values for URLLC and eMBB data.
Proposal 6 Enable dropping of corresponding UCI from PUSCH by allowing beta_offset = 0.0.
Proposal 7 Support separate RRC configurations of beta_offset for URLLC and eMBB, respectively.

Conclusions
In this contribution, the following proposals are summarized:
Proposal 1 Support independent multiplexing windows for separate dynamic/semi-static HARQ-ACK codebooks.
Proposal 2 Grouping the PDSCHs with DCIs pointing to the same A/N PUCCH should be supported in Rel-16.
Proposal 3 In case of dynamic HARQ-ACK codebook, UEs utilize the PRI field in DCI and the higher layer parameter pucch-ResourceSetId to determine the HARQ-ACK codebook for URLLC service.
· One-to-one mapping relationship between pairs of PRI and pucch-ResourceSetId and A/N PUCCH resources needs to be defined.
Proposal 4 In case of semi-static HARQ-ACK codebook, UEs utilize the type of PDSCH to determine the HARQ-ACK codebook for URLLC service.
Proposal 5 Support slot-based K1 indication with different starting symbols, and consider the following three methods of indicating the starting symbol of PUCCH resource for HARQ-ACK codebook:
· 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. 
Proposal 6 Enable dropping of corresponding UCI from PUSCH by allowing beta_offset = 0.0.
Proposal 7 Support separate RRC configurations of beta_offset for URLLC and eMBB, respectively.
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