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Introduction
In this contribution, we mainly discuss UL control related enhancements for URLLC.
UL control enhancements for URLLC
In the RAN1 #94 meeting, in order to better support URLLC in NR Rel-16, the following agreement was reached:
Agreements: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
Agreements: 
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
In the RAN1 #94b meeting, companies provided views on supporting more than one PUCCH for HARQ-ACK transmission within a slot. Specifically, some contributions give some details on how to enable more than one PUCCH for HARQ-ACK within a slot. The main details are categorized in summary as following [1]:
(1): Separate HARQ-ACK feedback/resource/codebook for URLLC and eMBB
(2): Finer K1 indication
(3): Multiple HARQ-ACK codebooks within a slot by explicit indicator/higher layer configuration/implicit segmentation
(4): Configuring more PUCCH resource with additional PRI bits
That categorization does not necessarily means different directions on how to support more than one PUCCH in a slot. Basically, for (2), it is more about the K1 indication. However, if the finer K1 is indicated, we should also decide how to separate codebooks into the finer indicated K1 unit. It then needs method like (3) and a mapping scheme. For (4), codebook separation is also needed. Thus, we can continuously discuss those aspects and form the final solution later. In that way, our views for UL control enhancements are given.
2.1 Differentiating eMBB and URLLC in the physical layer
In the RAN1 #94bis meeting, whether or not to differentiate eMBB and URLLC in PHY layer is discussed in some contributions. Methods were provided, e.g. using different DCI formats, different MCS tables or different search spaces for eMBB and URLLC [2][3].
In our opinion, eMBB and URLLC need to be distinguished in the physical layer, because it enables for more than one HARQ-ACK PUCCH within a slot and facilitates UCI multiplexing for overlapped UL channels. For example, with distinguishing between eMBB and URLLC, it’s easier for base station to indicate one PUCCH resource that has earlier starting symbol and fewer symbols to reduce the latency of URLLC HARQ-ACK transmission. The HARQ-ACK transmission of different services can be divided into different PUCCHs in the slot. Another example is when a short URLLC PUCCH overlaps with a long eMBB PUCCH, a possible solution is to puncture the eMBB PUCCH in the overlapped symbols. Differentiation of eMBB and URLLC is then needed as a premise. Meanwhile, we believe that binding a certain transmission mechanism (e.g. DCI format, MCS table) with URLLC is too restrictive. Any transmission mechanism should be applicable to both eMBB and URLLC as what we did in NR Rel-15. Therefore, we prefer a more flexible way for differentiation of eMBB and URLLC, e.g. configure different RNTIs for URLLC and eMBB. 
[bookmark: OLE_LINK2]Proposal1: We should differentiate eMBB and URLLC in the physical layer of NR Rel-16 w/o binding a certain transmission mechanism with URLLC.
2.2 Refining the unit of k1
Refining the unit of k1 is helpful to enable more than one PUCCH for HARQ-ACK transmission in one slot and reduce the feedback delay for URLLC ACK/NACK. However, it also brings some disadvantages:
· [bookmark: OLE_LINK1]In NR Rel-15, PDSCH time domain resource allocation and PUCCH resource allocation are defined within one slot. After the unit of k1 is reduced, i.e. k1 unit is one sub-slot, PDSCH and PUCCH resource allocation should be further adapted for it. The cross-sub-slot transmission may cause problems. Especially when the sub-slot contains 2 symbols, we need to consider lot of cases. Moreover, if a UE has eMBB and URLLC services in the same time, compatibility between k1 of eMBB ACK/NACK and k1 of URLLC ACK/NACK may need extra effort if they are in different units. 
· After the unit of K1 is refined, more bits overhead is required to indicate a larger interval. Otherwise the range of intervals that k1 can indicate is limited. For TDD, there will be even larger intervals that need to be indicated, especially if the SCS is large. An example is shown in Figure 1, when there is one UL slot after one or two consecutive DL slots, the HARQ-ACK of the PDSCH in these DL slots needs to be transmitted in the UL slot. However, the interval corresponding to the HARQ-ACK of the PDSCH in the first DL slot is large. Then k1 requires more overhead to indicate this large interval. If it is assumed that the unit of k1 is a 3/4-symbol sub-slot, then k1 needs 3 bits to indicate this large interval.


Figure 1: When the unit of k1 is sub-slot, more than one PUCCH for HARQ-ACK for URLLC in a slot
The unit of k1 is still one slot if reuse definition of NR Rel-15. Then, k1={1,2} can be used for that UL/DL configuration and only 1 bit is required for HARQ-ACK timing in DCI.
The semi-static TDD UL/DL configuration is commonly supported. The UL/DL is in general in number of ms, e.g. 2ms. For the case URLLC UE apply higher SCS like 30/60kHz, the above overhead of K1 will be 2 or 4 times as that for 15kHz if they have same time periodicity of UL/DL configuration. Then the indication overhead will be too high.
Unit of k1 as one slot have better compatibility. PRI field in DCI can be used to select a PUCCH resource with a proper time location within the indicated slot. Essentially, NR Rel-15 scheme can be reused in NR Rel-16. And the careful PUCCH resource allocation can allow forming more than one PUCCH. This can achieve the multiple PUCCH feedbacks in one slot and avoid multiplexing problem for different schemes. In that sense, schemes keeping Rel-15 k1 definition as one slot for more than one PUCCH for HARQ-ACK transmission in a slot can be prioritized.
Proposal2: The unit of k1 should be kept as one slot. In supporting more than one PUCCH for HARQ-ACK transmission, schemes based on that k1 assumption should be prioritized.
2.3 More than one PUCCH for HARQ-ACK transmission within a slot
Introducing more than one PUCCH for HARQ-ACK transmission in one slot can bring some benefits. Firstly, HARQ-ACKs of eMBB and URLLC can be transmitted separately in different PUCCH channels. Secondly, HARQ-ACKs of different URLLC PDSCHs can be transmitted separately in order to send an earlier HARQ-ACK feedback for an earlier transmitted PDSCH.


Figure 2: More than one PUCCH for HARQ-ACK transmission for URLLC in a slot
In Figure 2, an example is given to illustrate that when only URLLC PDSCHs are transmitted. It is also necessary to support more than one PUCCH for HARQ-ACK transmission in one slot. For TDD, PDSCH1, PDSCH2 and PDSCH3 of URLLC are transmitted in DL slot n respectively, the HARQ-ACK of PDSCH1 and PDSCH2 should be transmitted in PUCCH1 in slot n+1(here, N1 is assumed to be 5 symbols). However, the timeline of PDSCH3 cannot be satisfied in PUCCH1, so that the HARQ-ACK of PDSCH3 cannot be transmitted in PUCCH1 and has to be transmitted in PUCCH2 which is 3 symbols later.
Observation 1: When only URLLC PDSCHs are transmitted, more than one PUCCH for HARQ-ACK transmission should also be supported in one slot.
For separating HARQ-ACK feedback/resource/codebook of URLLC and eMBB, it is needed as discussed above. It is also simple to always have independent optimization of the HARQ-ACK transmission of URLLC. This means some resources are always for URLLC and others are for eMBB. However, we do not need to be to separate at least in terms of resource/codebook for different services. The base station should be able to decide whether the HARQ-ACK of the eMBB and the URLLC are multiplexed in one HARQ-ACK codebook or not according to actual transmission requirements. For example, an eMBB HARQ-ACK has been scheduled in one PUCCH, and then the HARQ-ACK of the URLLC burst can be indicated to be the same PUCCH as the eMBB HARQ-ACK if that PUCCH resource is the earlier one. Then unnecessary preemption or puncturing can be avoided.
All those decision can be made by the base station whether the HARQ-ACK of the eMBB and the URLLC are multiplexed in one HARQ-ACK codebook in a scheduling instance.
Proposal3: Whether the HARQ-ACK of the eMBB and the URLLC can be multiplexed in one HARQ-ACK codebook or not can be determined by base station.
2.4 Enabling more than one PUCCH for HARQ-ACK transmission in one slot
In order to achieve more than one PUCCH for HARQ-ACK transmission in a slot, explicit signaling or implicit mechanism in the physical layer and several aspects should be included:
· Dividing the PDSCHs into different groups;
· Indicating a valid PUCCH for HARQ-ACK transmission for PDSCHs within each group;
· The PUCCH resources of each group cannot overlap in time domain.
In order to implement the above functions, the introduction of explicit signaling, reinterpretation of existing parameters or RNTI implicit notification can be considered.
Proposal4: Introducing explicit signaling or implicit mechanisms in the physical layer to enable more than one PUCCH for HARQ-ACK transmission in one slot.
2.5 URLLC SR and long PUCCH/PUSCH time domain overlap
In NR Rel-15, when the SR and PUSCH overlap in the time domain, the SR is dropped, and when the SR and HARQ-ACK/CSI PUCCH overlap in the time domain, the SR is transmitted in the HARQ-ACK/CSI PUCCH. However, when the SR is a URLLC SR and the PUSCH or PUCCH is in long format, a positive SR will not be transmitted in time. Thus, the transmission of the URLLC will be delayed. In the following two cases, the SR transmission mechanism should be improved.
Case1: In Figure 3, a positive URLLC SR is generated during the transmission of PUSCH. In NR Rel-15, the SR will be dropped. However, in this case, this positive URLLC SR should be transmitted in NR Rel-16.


Figure 3: URLLC SR overlaps with long PUSCH in time domain
Case2: Similar to case1, in Figure 4, a positive URLLC SR is generated during the transmission of PUCCH. In NR Rel-15, the SR will be transmitted together with the HARQ-ACK / CSI PUCCH. It can only be detected after the end of the long PUCCH transmission. Thus, the positive URLLC SR is delayed. However, this positive URLLC SR should be transmitted in time.


Figure 4: URLLC SR overlaps with long PUSCH in time domain
Proposal5: When the URLLC SR and the long PUCCH/PUSCH overlap in the time domain, a new mechanism for the positive URLLC SR to be transmitted in time should be considered.
[bookmark: OLE_LINK17]CSI reporting enhancement 
CSI report scheme in NR first stage is similar to that for LTE and it was basically designed for eMBB. For URLLC, it needs more accurate and up-to-date CSI to facilitate high reliability, low latency transmission. It is very helpful to acquire CSI before initial transmission or retransmission. Considering the typically 30kHz SCS case, there will be only 1 or 2 re-transmissions even in case of type B PDSCH/PUSCH mapping. In the first transmission, if the PDSCH is not correctly received and CSI is not updated in time, then gNB will not know the accurate MCS for retransmission. It then has to assume that MCS for 1-shot transmission in the last re-transmission is used before the time boundary without right CSI. The 1-shot transmission is already proven to be very inefficient and will only be used in restrictive case, e.g. 15 kHz SCS & slot based.
A-CSI feedback can only be triggered by UL grant in Rel-15. This approach may bring PDCCH blocking when UL grant is only used to trigger A-CSI without UL data transmission. Especially when PDSCH and A-CSI trigger are needed at the same time, the probability of PDCCH blocking will further increase for the reason that both DL DCI and UL DCI are needed at the same time. For P-CSI report, the periodicity could be a minimum of 4 slots. In that case, the configuration overhead is relatively high. In addition, 4 slots latency is high for the case of fast changing channel state. As we already decided to study under scenario of Remote Driving, we need to consider UE with high velocity. In high speed, the stability of wideband CQI is also affected and need to be evaluated. 
Based on the above analysis, neither current A-CSI nor P-CSI is efficient for URLLC. Therefore, CSI feedback scheme may need to be enhanced. One alternative scheme is trigger CSI report explicitly via a DL grant and CSI report can be multiplexed with HARQ-ACK on the same PUCCH if HARQ-ACK is present. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation2: The NR CSI report scheme should be enhanced and a fast CSI feedback scheme should be introduced.

Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: When only URLLC PDSCHs are transmitted, more than one PUCCH for HARQ-ACK transmission should also be supported in one slot.
Observation2: The NR CSI report scheme should be enhanced and a fast CSI feedback scheme should be introduced.
Proposal1: We should differentiate eMBB and URLLC in the physical layer of NR Rel-16 w/o binding a certain transmission mechanism with URLLC.
Proposal2: The unit of k1 should be kept as one slot. In supporting more than one PUCCH for HARQ-ACK transmission, schemes based on that k1 assumption should be prioritized.
Proposal3: Whether the HARQ-ACK of the eMBB and the URLLC can be multiplexed in one HARQ-ACK codebook or not can be determined by base station.
Proposal4: Introducing explicit signaling or implicit mechanisms in the physical layer to enable more than one PUCCH for HARQ-ACK transmission in one slot.
Proposal5: When the URLLC SR and the long PUCCH/PUSCH overlap in the time domain, the new mechanism for the positive URLLC SR to be transmitted in time should be considered.
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