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Introduction
We had some discussions around UCI enhancement on URLLC and achieved some agreements in the previous meetings [1].
Agreements:
· 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

Agreements:
· Down-select in RAN1#96 for potential A-CSI on PUCCH
· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.
· For measurement source
· Alt.1: Based on CSI-RS/CSI-IM measurement 
· Alt.2: Based on DMRS/PDSCH/PDCCH measurement
· For report quantity
· Alt.1: R15 baseline
· Alt.2: Delta CQI
· Alt.3: Delta SINR
· For report timeline
· Alt.1: R15 timeline
· Alt.2: New timeline
· Opt.2: A-CSI report on PUCCH based on group-common PDCCH (similar to A-SRS triggering in GC-PDCCH in Rel-15) using Rel-15 mechanisms for measurement source, report quantity, and timeline (A-CSI triggered to transmit on PUSCH)
· Opt.3: No A-CSI on PUCCH due to this SI
Companies are encouraged to perform more evaluations/analysis w.r.t. the above options to facilitate coming up with observations and eventually drawing conclusion

In this contribution, we provide our considerations on UCI enhancement on URLLC, including more than one PUCCH with HARQ-ACK, and A-CSI on PUCCH. 
Discussion
More than one PUCCH with HARQ-ACK
In the previous meetings, many different methods for more than one PUCCH with HARQ-ACK were given and discussed. From our side of view, the following method can be used:
Step 1: RRC configure PUCCH resource sets
A PUCCH resource in resource sets configured by higher signaling has a starting symbol, duration and frequency PRB informations etc. And the starting symbol can be used to produce several candidate starting symbols with a predefined pattern. The predefined pattern can use the similar mechanism as PUCCH for SR. For example, starting symbol S, periodicity P are given. The starting symbols in a slot can be S, S+P, S+2P,…, S + i*P. 
Step 2: DCI indicates PRI and K1
A PUCCH resource used to feedback HARQ-ACK for URLLC PDSCH can also be indicated by PRI in DCI and CCE starting index of PDCCH. This is the same mechanism as Rel-15 NR. 
PDCCH also include K1 indication. It isn’t with the unit of slot, but in the unit of a number of symbols which is periodicity P. So P symbols can be a unit for K1.
The following figure is an example of candidates of PUCCH resource with P = 7 and S = 5.


Figure 1: K1 indication
In the following sections, we given more detailed information for this solution.
Identify URLLC and eMBB traffic
It is clear that one basic assumption is UE can separate PDSCHs for URLLC and eMBB, and know which set of parameters should applied. In our opinion, two methods can be considered.
One method is reuse the new RNTI introduced in Rel-15 URLLC, which is named MCS-C-RNTI. For PDSCH scrambled with C-RNTI, its HARQ-ACK PUCCH resource use same mechanism defined in NR. For PDSCH scrambled with MCS-C-RNTI, its HARQ-ACK PUCCH resource can be indicated with finer K1 indication through DCI or use an implicit process timeline to choose a PUCCH.
Another method is using compact DCI to differentiate URLLC and eMBB traffic. When compact DCI is monitored, UE knows this is an URLLC traffic, which should use new rules for its HARQ-ACK feedback resources.
Especially, NR should keep in-order scheduling, such as a PDSCH scheduled earlier should be feedback earlier than or use same time as a PDSCH scheduled later. If an earlier PDSCH carries eMBB traffic, but a later PDSCH carries an URLLC traffic, it may need to feedback HARQ-ACK for the later PDSCH, which is out-of order and not allowed in Rel-15 NR. Thus, if separate HARQ-ACK PUCCH resources are configured for URLLC and eMBB, in-order scheduling needs to be kept only within the same type of traffic. 
Proposal 1. MCS-C-RNTI or compact DCI can be used to identify URLLC traffic. 
The number of HARQ-ACK codebook
In Rel-15 NR, only one HARQ-ACK codebook is generated. But due to short delay and reliability requirement of URLLC traffic, more HARQ-ACK codebooks are suggested to be supported. Obviously, at least two HARQ-ACK codebook should be considered. Many solutions have been proposed with different HARQ-ACK codebook generation methods. For two HARQ-ACK codebooks, one for URLLC and another for eMBB, can work appropriately. eMBB HARQ-ACK codebook reuse the mechanism from Rel-15 NR. URLLC HARQ-ACK codebook has its own configuration and counter, which is independent of eMBB. So we have the following proposal: 
Proposal 2. Only two HARQ-ACK codebooks should be simultaneously supported for a UE, one for URLLC, and the other for eMBB.
Separate HARQ-ACK multiplexing windows and codebook
[bookmark: _Hlk508697304]NR supports configurable HARQ-ACK multiplexing window, and the parameter dl-DataToUL-ACK in PUCCH-Config is common for all the PUCCH resource. Considering that URLLC traffic needs quicker HARQ-ACK feedback than eMBB traffic, it is reasonable to use separate HARQ-ACK multiplexing windows for URLLC and eMBB.
The HARQ-ACK multiplexing window for URLLC can be configured separately and a set of values less than that of eMBB can be selected by dl-DataToUL-ACK for URLLC traffic. Another method is that the URLLC HARQ-ACK multiplexing window can be interpreted in a set of symbols instead of slot. 
Figure 2 gives an example of HARQ-ACK multiplexing window for URLLC, where the set of values for dl-DataToUL-ACK for URLLC traffic is {0, 1, 2}. 


Figure 2: HARQ-ACK multiplexing window
Proposal 3. Use separate HARQ-ACK feedback for URLLC and eMBB, including separate HARQ-ACK PUCCH resource and HARQ-ACK codebook generation.
CSI enhancement on URLLC
A-CSI on PUCCH
For potential A-CSI on PUCCH, there are three Options given during the last meeting. 
Opt. 1 is A-CSI report on PUCCH triggered by DL-scheduling DCI. 
· For measurement source, except for the recent CSI resources including CSI-RS and CSI-IM, there is a proposal to use DMRS/PDSCH/PDCCH as CSI measurement. Actually, similar proposals have suggested many times. But we think it should be a UE implementation issues of whether or not UE get CSI report on the assistant of PDSCH and or PDCCH transmission. So there is no need to change the scope of CSI resource definition. 
· For report quantity, delta CQI can reduce payload, such as delta CQI in LTE can save 1 bit for CQI feedback. But delta CQI also increase the accuracy. 
· Another alternative is delta SINR, which should be discussed in Rel-16 eMIMO. Also, the report timeline for A-CSI should be discussed in the session of CSI processing timeline. 
Opt. 2 is A-CSI report on PUCCH based on group-common PDCCH. We think it is unnecessary to introduce A-CSI on short PUCCH through a group-common PDCCH, since we can trigger A-CSI with DL or UL grant. There is no significant benefit of trigger A-CSI on a short PUSCH.
In our option, Opt. 1 can be for further study.  And for Opt.1, only measurement source of A-CSI report on PUCCH should be further discussed here. And we prefer Alt.1 based on CSI-RS/CSI-IM measurement. 
Proposal 4. Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI should be for further study.
Proposal 5. The measurement source in Opt.1 should be only CSI-RS/CSI-IM.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1.	MCS-C-RNTI or compact DCI can be used to identify URLLC traffic.
Proposal 2.	Only two HARQ-ACK codebooks should be simultaneously supported for a UE, one for URLLC, and the other for eMBB.
Proposal 3.	Use separate HARQ-ACK feedback for URLLC and eMBB, including separate HARQ-ACK PUCCH resource and HARQ-ACK codebook generation.
[bookmark: _GoBack]Proposal 4.	Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI should be for further study.
Proposal 5.	The measurement source in Opt.1 should be only CSI-RS/CSI-IM.
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