[bookmark: OLE_LINK1]3GPP TSG RAN WG1 #96bis	R1-1905487
Xi’an, China, 8th – 12th April, 2019

[bookmark: Source]Agenda Item:	7.2.6.2
Source: 	Fujitsu
Title: 	UCI enhancements for URLLC
Document for:	Discussion
Introduction
[bookmark: _GoBack]In RAN#83, new WIs eURLLC and IIoT have been approved based on the result of corresponding SIs [1][2]. UCI enhancements related topics have been split into these two WIs. Just as outlined in the RAN1 #96bis meeting agenda [3], the first two parts of this AI belong to the eURLLC WI, while the third part belongs to the IIOT WI. In this paper, we will discuss UCI enhancements related to the eURLLC WI and the IIOT WI in section 2 and section 3, respectively.
For the related eURLLC WI, in RAN1 # 96 meeting, it was agreed that rules for the two HARQ-ACK codebooks overlapping in time for supporting different service types should be specified, and the HARQ-ACK codebook can be identified based on some PHY indications/properties. 
	Agreements in RAN1 #96:
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to transmit in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel Tx 
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
· FFS in potential WI the details of the PHY identification


Specifically, in section 2, we focus on the identification of HARQ-ACK codebooks for URLLC based on PDCCH indications, and the prioritization of two HARQ-ACK codebooks overlapping in time. In section 3, we discuss the method to enhance the reliability of data/UCI for URLLC considering the case of low/high priority UCI piggybacked by PUSCH with low/high priority data. 
Supporting multiple PUCCHs for HARQ-ACK in a slot
Identification of HARQ-ACK codebooks 
Initial identification via independent multiplexing windows for URLLC and eMBB
Fig.1 (a) shows the case where the same multiplexing window is used for both URLLC and eMBB. In reality, to improve the PUCCH resource utilization efficiency, the multiplexing window for eMBB usually spans several slots. On the contrary, to satisfy the low latency requirement of URLLC, the multiplexing window should be much smaller than that of eMBB, as shown in Fig.1 (b), where multiplexing window 2 and 3 are smaller than multiplexing window 1. Therefore, to simultaneously satisfy the requirement of both eMBB and URLLC, independent multiplexing windows are recommended. Furthermore, this is also the first step to initially identify the HARQ-ACK codebooks for eMBB and URLLC. 

 
Fig.1 Illustration of the multiplexing windows for eMBB and URLLC.
Proposal 1 Support independent multiplexing windows to initially identify HARQ-ACK codebooks for eMBB and URLLC.

Identification of dynamic HARQ-ACK codebook for URLLC via DCI indication 
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 makes 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 identify 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.

Identification of semi-static HARQ-ACK codebook for URLLC via PDSCH type
In the case of semi-static codebook, utilizing PRI and pucch-ResourceSetId cannot distinguish URLLC PDSCHs and eMBB PDSCHs, because the determination of semi-static codebook is not dependent on the DCI contents. Thus, to distinguish eMBB PDSCHs and URLLC PDSCHs 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 identify the HARQ-ACK codebook for URLLC service. 

Indication of the PUCCH resources for HARQ-ACK codebook
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) Autonomously chosen from predefined starting symbols
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 
This method means that the enhanced HARQ-ACK starts after a fixed period of time where the URLLC PDSCH ends, and 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) Dynamically indicated by DCI
In this method, the starting symbol of the enhanced HARQ-ACK is indicated by DCI 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:
· Autonomously chosen from predefined starting symbols;
· Autonomous and synchronous HARQ-ACK feedback;
· Dynamically indicated by DCI. 

Prioritization of overlapping HARQ-ACK codebooks
Before talking about the conflicting resolution methods for the case two HARQ-ACK codebooks for different service types are due to transmit in resources overlapping in time, methods of distinguish the overlapping HARQ-ACK codebooks should be discussed first. 
Specifically, one explicit method is to add one prioritization field in the corresponding PDCCH to distinguish their priorities of different HARQ-ACK codebooks. Other implicit methods can also be considered: 
· Based on payload size of HARQ-ACK codebooks, the smaller payload size corresponds to URLLC codebook, while the larger payload size corresponds to the eMBB HARQ-ACK codebook; 
· According to the code rate of the HARQ-ACK codebooks, predefine a code rate threshold, if the code rate is higher than the threshold, then the codebook is for eMBB, otherwise, it is for URLLC;
·  Based on the duration of PUCCH resource, if the codebook uses a long PUCCH, then it is for eMBB, otherwise, it is for URLLC.
Proposal 6: Following methods to distinguish HARQ-ACK codebooks can be considered:
· Explicit method by adding a prioritization field in the corresponding PDCCH;
· Implicit methods based on payload size, code rate or duration of the corresponding PUCCH resource. 
Furthermore, the following options for conflicting resolution can be considered:
· If UE has the capability to simultaneously transmit two PUCCHs,
· support parallel transmission; 
· Otherwise,
· If the multiplexed code rate does not exceed the maximum allowable code rate of URLLC, 
· Multiplex the eMBB HARQ-ACK codebook into the URLLC HARQ-ACK codebook in the overlapping time period, 
· Otherwise,
· Drop the entire eMBB HARQ-ACK codebook; or
· Puncture the eMBB HARQ-ACK codebook in the overlapping time period only. 
Proposal 7: Following options to resolve the conflicts between two HARQ-ACK codebooks overlapping in time could be considered:
· If UE has the capability to simultaneously transmit two PUCCHs,
· support parallel transmission; 
· Otherwise,
· If the multiplexed code rate does not exceed the maximum allowable code rate of URLLC, 
· Multiplex the eMBB HARQ-ACK codebook into the URLLC HARQ-ACK codebook in the overlapping time period, 
· Otherwise,
· Drop the entire eMBB HARQ-ACK codebook; or
· Puncture the eMBB HARQ-ACK codebook in the overlapping time period only.

UCI piggyback on PUSCH with different priorities
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. 
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. 
In case of both PUCCHs for URLLC UCI and eMBB UCI overlapped with a same PUSCH, it is straightforward to follow the similar principle as in section 2.2, i.e. to drop/puncture the low priority UCI/data if the number of REs is insufficient to transmit all the UCI/data. By defining a maximum number of REs/ratio occupied by UCI, UE can decide when to drop/puncture based on the priorities of UCI/data. In Rel-15, a higher layer parameter is introduced to configure the upper limit of occupied REs/ratio for each type of UCI. A new parameter on upper limit of occupied REs/ratio by all UCIs can be introduced as a threshold for UE to decide when to drop low priority UCI.
Proposal 8 Enable dropping of corresponding UCI from PUSCH by allowing beta_offset = 0.0.
Proposal 9 Support separate RRC configurations of beta_offset for PUSCHs with low/high priority data, respectively.
Proposal 10 UE can decide whether or not to drop low priority UCI based on the configuration on maximum number of REs which can be occupied by UCI when PUCCHs with low/high priority UCIs overlap with a PUSCH.

Conclusions
In this contribution, we discussed the UCI enhancements related to the eURLLC WI and the IIOT WI, and draw the following two parts of proposals, respectively.
Part I: (related to the eURLLC WI) Supporting multiple PUCCHs for HARQ-ACK within a slot
Proposal 1 Support independent multiplexing windows to initially identify HARQ-ACK codebooks for eMBB and URLLC.
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 identify 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 identify 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:
· Autonomously chosen from predefined starting symbols;
· Autonomous and synchronous HARQ-ACK feedback;
· Dynamically indicated by DCI. 
Proposal 6: Following methods to distinguish HARQ-ACK codebooks can be considered:
· Explicit method by adding a prioritization field in the corresponding PDCCH;
· Implicit methods based on payload size, code rate or duration of the corresponding PUCCH resource. 
Proposal 7: Following options to resolve the conflicts between two HARQ-ACK codebooks overlapping in time could be considered:
· If UE has the capability to simultaneously transmit two PUCCHs,
· support parallel transmission; 
· Otherwise,
· If the multiplexed code rate does not exceed the maximum allowable code rate of URLLC, 
· Multiplex the eMBB HARQ-ACK codebook into the URLLC HARQ-ACK codebook in the overlapping time period, 
· Otherwise,
· Drop the entire eMBB HARQ-ACK codebook; or
· Puncture the eMBB HARQ-ACK codebook in the overlapping time period only.

Part II: (related to IIOT WI) UCI piggyback on PUSCH with different priorities
Proposal 8 Enable dropping of corresponding UCI from PUSCH by allowing beta_offset = 0.0.
Proposal 9 Support separate RRC configurations of beta_offset for PUSCHs with low/high priority data, respectively.
Proposal 10 UE can decide whether or not to drop low priority UCI based on configuration on maximum number of REs which can be occupied by UCI when PUCCHs with low/high priority UCIs overlap with a PUSCH.
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