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1 Introduction
In TSG-RAN#83 plenary meeting, the scope of new WID on physical layer enhancements for NR URLLC was defined [1]. Two main enhancements are identified to be related to UCI enhancements for URLLC, i.e., more than one PUCCH for HARQ-ACK transmission within one slot and at least two HARQ-ACK codebooks simultaneously constructed for different service types. Moreover, the intra-UE prioritization and multiplexing was agreed to be studied in the new WID on support of NR Industrial Internet of Things (IoT) [2]. This paper discusses the detailed design on these two enhancements as well as the solution for enhanced power control. 
2 Enhanced HARQ-ACK feedback
2.1 More than one PUCCH for HARQ-ACK transmission within one slot
It was agreed that this enhanced sub-slot-based HARQ-ACK feedback method applies to at least Type-2 codebook (i.e., dynamic codebook), but FFS to Type-1 codebook (i.e., semi-static codebook). As both Type-1 codebook and Type-2 codebook are supported by Rel-15, it is intuitive to reuse them to Rel-16, and it could be up to the gNB to configure one of them, e.g., depending on the requirement of reliability or efficiency. We would like to clarify some concerns on the Type-1 codebook and discuss the benefits of Type-1.
Firstly, as to the concern of feedback redundancy, it can be controllable by appropriate K1 set and SLIV set configuration for URLLC transmission. For example, it may be a general case to configure a small K1 set or a small SLIV set considering the URLLC data is often scheduled with tight scheduling latency. 
Secondly, Type-1 HARQ-ACK codebook is more robust compared to Type-2 HARQ-ACK codebook. Although the DCI reliability for URLLC data transmission may be higher compared to that in Rel-15, the reliability requirement of Rel-16 URLLC is higher also. Type-2 codebook makes the ACK/NACK feedback reliability vulnerable to the missing of another DCI (i.e., the last DCI with ACK/NACK pointed to the same sub-slot), which leads to extra risk for successful ACK/NACK feedback and causing unnecessary data retransmission. 

Thirdly, for some uses cases, e.g., factory automation, the traffic load is not severe and hence the uplink resource is sufficient. In such a case, the feedback redundancy is no longer a problem and the reliability can be increased by allocate more RBs for one PUCCH and hence reduce the effective coding rate. By contrast, the latency and reliability requirements are extremely high in factory automation (e.g., 1 ms and 99.9999% for motion control in factory), and any ambiguity in Type-2 codebook is unacceptable since it would impact the only one retransmission opportunity [3].
Proposal 1: Support Type-1 codebook type for sub-slot-based HARQ-ACK feedback.
If Type-1 codebook is configured to the UE, how to split the available PDSCH SLIVs into different groups for HARQ-ACK feedback should be further studied. As a first step, the associated virtual DL sub-slots of a given UL sub-slot should be determined based on the configured K1 set. Then for each virtual DL sub-slot, the SLIVs whose ending symbols are located in this virtual sub-slot are selected from the configured SLIV set and the SLIV splitting is performed for these SLIVs belonging to the same sub-slot to get the PDSCH occasion per sub-slot [4]. As an alternative method, for the associated DL sub-slots within one slot linked to one UL sub-slot, their SLIVs can be split jointly, which can reduce the resultant PDSCH occasions in some cases. As shown in Figure 1, if per-sub-slot SLIV splitting is used, SLIVs {#0,#1,#5} belonging to the first sub-slot would be split into two groups, i.e., group {#0,#5} and group {#1} corresponding to 2 PDSCH occasions, and SLIVs {#2,#3,#4,#6,#7} belonging to the second sub-slot would be splatted into four groups, i.e., group {#6}, group {#2,#7}, group {#3} and group {#4} corresponding to 4 PDSCH occasions, resulting in 6 candidate occasions and 6 bits HARQ-ACK. If the SLIVs belonging to these two sub-slots are split together, then only 5 groups are generated, i.e., group {#0,#5}, group {#1,#6}, group {#2,#7}, group {#3} and group {#4}, and hence only 5 bits HARQ-ACK are needed. 
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Figure 1 SLIV splitting in case of sub-slot-based HARQ-ACK feedback
Proposal 2: For sub-slot-based HARQ-ACK feedback, the PDSCH occasions linked to one UL sub-slot for Type-1 codebook generation are determined as follows:
· Determine the associated sub-slots based on the configured K1 set, and determine the SLIV set for each associated sub-slot according to the ending symbol of configured SLIVs;
· For associated sub-slots within one slot, perform SLIV splitting jointly to generate the PDSCH occasions;
· Concatenate the PDSCH occasions from different DL slots to get the final PDSCH occasion sequence.
2.2 Separate HARQ-ACK codebook construction for different service types
In the previous meetings, a lot of agreements are achieved to enable simultaneous construction of at least two codebook for different service types. However, the key issue, i.e., the service identification method in the PHY, is still not completely determined. 
In the RAN1 #98b meeting, the following agreements were achieved to specify the priority determination method in the PHY [5]:

	Agreements:

Confirm the following WA with update:
Original working assumption

· Support that SR priority (e.g. high or low priority) is known at PHY layer. 

· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known

Updated to:

· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.

· The PHY-layer SR priority is determined by an explicit indication (as a new RRC parameter) for each SR resource configuration.
Agreements:

· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 
· Note: This does not preclude possibility of extending it in future releases.
· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release

· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats.

Agreements:

· 2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.
Agreements:

· 2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats.
Agreements:

For handling intra-UE collision in R16,
· 2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling. P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 

· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI.


The remaining issue is how to determine the service type/priority for dynamically scheduled uplink channel, including HARQ-ACK of dynamic PDSCH and dynamic PUSCH. In RAN1 #96 meetings, four options are listed for further discussion. In our opinion, Opt.3 would incur the increased DCI size if a new bit-field is added; Opt.4, i.e., by CORESET/search space, may lead to increased DCI detection complexity and also restrict the scheduling flexibility. Meanwhile, the search space occurs periodically and two search spaces may fully overlap in some slots. Then if the associated CORESETs overlap also, it is difficult to judge which search space a PDCCH candidate belongs to. With respect to Opt.1 and Opt.2, the choice is related to the URLLC DCI design as discussed in [6]. If the newly agreed DCI format is only used to scheduling URLLC PDSCH/PUSCH, it seems reasonable to use this DCI format as service identifier, i.e., Opt. 1. However, the payload size of the newly agreed DCI also dependents on RRC configurations and is possible that the payload size of some configurations align with the payload size of some existing formats (e.g., format 0_1 and 1_1). In such a case, an identifier of DCI formats is also necessary. Of course, it is possible to avoid this case by restricting that the payload size of the newly agreed DCI format must be different from the payload size of existing DCI formats. Moreover, it is still uncertain whether the newly agreed DCI format can be used to schedule eMBB PDSCH/PUSCH. By contrast, Opt. 2 seems the best choice since it decouples the DCI formats from the service identification. 
Proposal 3: For HARQ-ACK of dynamic PDSCH, use RNTI of the scheduling DCI to distinguish the service type (also as HARQ-ACK codebook identifier).
Then for dynamic PUSCH, it is intuitive to reuse the method for HARQ-ACK of dynamic PDSCH, i.e., use the RNTI, for service differentiation.

Proposal 4: For dynamic PUSCH, use RNTI of the scheduling DCI for service differentiation.
3 UCI prioritization on PUCCH/PUSCH
3.1 Collision of two PUCCHs or one PUCCH and one PUSCH
In the RAN1 #98 meeting, a lot of discussion is done for these scenarios and the following agreement was achieved:

	Agreements:

Reuse the R15 mechanism for the following scenarios:

· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)

· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.

· FFS SR with HARQ-ACK in PF 2, 3, 4

· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met

· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)


In RAN1 #98b meeting, the following agreements were achieved.
	Agreements:

For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviors.
· FFS details of processing timeline issues, e.g.
· How to handle the case where the timeline condition is not satisfied.
· Necessity of a new timeline.
Agreements:

For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 


It has been agreed that when a high-priority UL transmission overlaps with a low-priority UL transmission, the low-priority UL transmission would be dropped under certain constraint. With respect to the first FFS “for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.”, it is better to treat these channels as low-priority channels as P/SP-CSI on PUCCH to reduce the effort, and further enhancements can be studied in Rel-17 if necessary. For the second FFS “details of dropping behaviors”, dropping without resuming seems easy and can reduce the UE implementation complexity. For the third FFS, it seems that even if the timeline is not satisfied, the UE can also drop the low-priority channel and turns to transmit the high priority channel. Moreover, some companies worry that dropping the low-priority channel would incur extra processing time and hence the minimum processing time for the high-priority channel needs to be increased by a few symbols. This concern has also been discussed in the Out-of-Order topic and it is preferred to wait for their conclusion and simply reuse the conclusion to design a unified solution. Meanwhile, from the begin of the WI, it was agreed that RAN2 would lead the discussion on the collision between dynamic grant and configured grant, and also on the collision between SR associating with high-priority traffic and uplink data of lower-priority traffic [2] [7]. However, in some cases, the MAC layer would already assemble the low-priority MAC PDU when it is aware of a high-priority SR or MAC PDU should be handled and this MAC PDU or SR would overlap with previous MAC PDU in the PHY. Hence from the perspective of the PHY layer, there must be some cases that two overlapping MAC PDUs or a pair of overlapping MAC PDU and SR trigger are both received from the MAC layer. In such a case, it is reasonable to prioritize the MAC PDU received from or SR configuration triggered by the MCS layer later considering the MAC layer is smart and would only delivers both to the PHY layer when it finds the latter is of higher priority. For other scenarios related to the collision between SR and PUSCHs, including Scenario-04 (URLLC SR vs URLLC PUSCH), Scenario-07 (URLLC SR vs eMBB SR) and Scenario-10 (URLLC PUSCH vs eMBB SR), we can simply reuse R15 rule, i.e., prioritize PUSCH transmission over SR and leave the selection of SR as a UE implementation issue. 

Proposal 5: For Scenario-15 (URLLC SR vs eMBB PUSCH) and Scenario-18 (URLLC PUSCH vs eMBB PUSCH), the PHY layer should prioritize the MAC PDU received later from or the SR triggered later by the MAC layer when two overlapping MAC PDUs or overlapping MAC PDU and SR are both received from  the MAC layer.
Proposal 6: Reuse the R15 rule for Scenario-04 (URLLC SR vs URLLC PUSCH), Scenario-07 (URLLC SR vs eMBB SR) and Scenario-10 (URLLC PUSCH vs eMBB SR).
Then the left scenarios are collision between URLLC UCI and URLLC UCI/data, including Scenario-01 (URLLC SR vs URLLC HARQ-ACK) and Scenario-05 (URLLC HARQ-ACK vs URLLC PUSCH). It has been agreed in RAN1 #98 meeting that we can reuse the R15 rule as the baseline, and consider some optimization for special cases. For Scenario-01 (URLLC SR vs URLLC HARQ-ACK), we can reuse the R15 rule, i.e., multiplexing SR and URLLC on one PUCCH resource, in most of cases. However, two special cases need to be studied further. Firstly, when SR is positive with PF0 and HARQ-ACK is with PF1, reusing the R15 rule leads to dropping SR. At the first glance, HARQ-ACK is often dynamically scheduled and it is better to follow the scheduling of gNB, i.e., prioritize HARQ-ACK. But, the transmission of SR is triggered by UE and is not aware by the gNB in advance. Moreover, HARQ-ACK is not indispensable for data transmission while dropping SR would lead to extra transmission delay. Hence it seems better to prioritize SR since it is more critical to transmission latency. Secondly, the case that the timeline is not satisfied is simply treated as an error case in R15. If this case is allowed in R16, enhancements are also needed to prioritize either HARQ-ACK or SR. Considering SR is important to latency reduction, it seems better to prioritize the URLLC SR.
Proposal 7: For Scenario-01 (URLLC SR vs URLLC HARQ-ACK), multiplex HARQ-ACK and SR on one PUCCH resource as in R15, except for the following two cases in which the SR should be prioritized and the HARQ-ACK should be dropped.

· a positive SR of PF0 collides with a HARQ-ACK of PF1,

· the timeline is not satisfied.
For Scenario-05 (URLLC HARQ-ACK vs URLLC PUSCH), it is okay to piggyback HARQ-ACK on PUSCH when the timeline is satisfied. However, the case when the timeline is not satisfied is simply treated as error cases in R15, and should be optimized when these two channels are for URLLC traffic. One simple rule is to prioritize the channel which is later scheduled at least when both HARQ-ACK and PUSCH are dynamically scheduled, just like what we use for out-of-order cases.
Proposal 8: For Scenario-05 (URLLC HARQ-ACK vs URLLC PUSCH), if the timeline is satisfied, reuse the R15 rule to implement UCI piggyback on PUSCH, otherwise prioritize the later scheduled UCI/data channel and drop the earlier scheduled channel.

3.2 Collision of more than two PUCCHs/PUSCHs
In the current Rel-15 MUX rules, the handling order of UCI MUX is as follows: first handle UCI multiplexing among overlapping PUCCHs and then handle UCI piggyback on PUSCHs. And for UCI multiplexing among more than two PUCCHs, first handle the collision among different CSI reports if the RRC parameter multi-CSI-PUCCH-ResourceList is provided, and then handle the collisions sequentially in time. Specifically, a pseudo-code is specified in Section 9.2.5 in [8] to guide how to multiplex more than two overlapping PUCCHs. However, the procedure is based on the condition that the timeline is satisfied among any two overlapping PUCCHs/PUSCHs.
Considering UCI multiplexing is not allowed in R16 for channels of different service types, it is straightforward to handle UCI multiplexing for channels of the same service type first, and then handle UCI prioritization for channels of different service types. However, for more than two URLLC PUCCHs overlapping with each other, the timeline may be only satisfied among two PUCCHs but not all PUCCHs. For example, as shown in the Figure 2: In the left figure, two URLLC ANs overlapping with a URLLC SR/PUSCH and the timeline is only satisfied among AN1 and SR/PUSCH; in the right figure, one URLLC HARQ-ACK overlaps with two URLLC SRs/PUSCHs and the timeline is only satisfied among SR2/PUSCH2 and AN.
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Figure 2 Timeline partially satisfied among parts of overlapping URLLC PUCCHs
The straightforward way is to handle the collision sequentially in the time domain, i.e., the first two PUCCH/PUSCH resources (starting early in time) are selected and the collision is first handled. However, considering the right figure, if one HARQ-ACK overlaps with two PUSCHs, it is possible that the timeline is only satisfied for HARQ-ACK and PUSCH2. If we first handle the collision of HARQ-ACK and PUSCH1, then PUSCH1 would be dropped assuming PUSCH1 is scheduled earlier than HARQ-ACK. But if we first handle the collision of HARQ-ACK and PUSCH 2, HARQ-ACK would be piggybacked on PUSCH2 and hence both PUSCH1 and PUSCH2 (along with HARQ-ACK) could be transmitted in a TDMed manner. Similarly, if two SRs collides with a HARQ-ACK, it is possible that the timeline is only satisfied for SR2 and HARQ-ACK. Then handling the collision of SR1 and HARQ-ACK first would lead to dropping either SR1 or HARQ-ACK, and this dropping may be avoided by handling the collision of SR2 and HARQ-ACK first, e.g., when HARQ-ACK would be transmitted on PUCCH resource of SR2. As a result, it seems better to handle the collision for PUCCHs/PUSCHs satisfying the timeline first. 

Proposal 9: For the collision among more than two PUCCHs/PUSCHs of the same service type, handle the collision satisfying the timeline first.

Moreover, due to the support of more than one HARQ-ACK within one slot, some new use cases occur in which the MUX rules in Rel-15 NR cannot work. Figure 3 shows an example: URLLC HARQ-ACK 1 and URLLC HARQ-ACK 2 are in two sub-slots and the PUCCHs are both of format 1. When these two HARQ-ACKs overlap with a PUCCH carrying SR which is also of format 1, we need to transmit both HARQ-ACK 1 and HARQ-ACK 2 on SR PUCCH resource when SR is positive, which is obviously impossible in some cases since PUCCH format 1 can only carry 1~2 bit UCI while HARQ-ACK 1 and HARQ-ACK 2 could have 4 bits at maximum. Maybe we can multiplex these UCIs onto one new PUCCH resource selected according to the total payload size.
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Figure 3 Two PUCCHs overlap with one PUCCH
Proposal 10: Enhanced MUX method should be supported to handle the collision of more than two HARQ-ACKs colliding with other PUCCHs.
4 Enhanced Power Control

NR supports various kinds of services with different reliability requirements, and the target BLER of PUCCH, more accurately the PUCCH carrying HARQ-ACK, should change dynamically to accommodate the different reliability of PDSCH. Meanwhile, even for the same service, the target BLER should be set flexibly according to the remaining time budget. For example, the target BLER of the HARQ-ACK needs to be small enough, e.g., 10-5, if only one transmission opportunity is available; By contrast, in case of three transmission opportunities, a target BLER of 10-1, 10-3 and 10-5 may be sufficient for each transmission. 
On the other hand, as agreed in Rel-15, if the PUCCH transmission is in response to a PDCCH decoding with DCI format 1_0 or DCI format 1_1 or DCI format 2_2 having CRC parity bits scrambled by TPC-PUCCH-RNTI, the corresponding 2-bit TPC command denotes an accumulated [image: image5.wmf]PUCCH,,
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 takes the value of -1 dB, 0 dB, 1 dB and 3 dB respectively. However, the gap of required SINR for different target BLERs is very large, up to ~11 dB for target BLER of 10-1 and 10-5 in fading channel with realistic channel estimation. Therefore, the current closed loop power control mechanism cannot trace the change of BLER requirements dynamically and compensate the change of required transmission power efficiently.

There are two methods to solve the above problem. The first alternative is to enlarge the range of the accumulated [image: image7.wmf]PUCCH,,
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denoted by TPC command, e.g., modify the entries of TPC table in Rel-15 or extend the TPC command with more bits. Alternatively, multiple sets of power control parameters (at least including P0 and alpha) can be configured for different services, and dynamically the parameter set can be selected by the DCI either explicitly or implicitly.

Proposal 11: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
5 Conclusions 
In this contribution, we discuss the enhanced UCI feedback and UCI MUX for URLLC. Based on the discussions, proposals are given as follows.
Proposal 1: Support Type-1 codebook type for sub-slot-based HARQ-ACK feedback.

Proposal 2: For sub-slot-based HARQ-ACK feedback, the PDSCH occasions linked to one UL sub-slot for Type-1 codebook generation are determined as follows:

· Determine the associated sub-slots based on the configured K1 set, and determine the SLIV set for each associated sub-slot according to the ending symbol of configured SLIVs;
· For associated sub-slots within one slot, perform SLIV splitting jointly to generate the PDSCH occasions;
· Concatenate the PDSCH occasions from different DL slots to get the final PDSCH occasion sequence.
Proposal 3: For HARQ-ACK of dynamic PDSCH, use RNTI of the scheduling DCI to distinguish the service type (also as HARQ-ACK codebook identifier).
Proposal 4: For dynamic PUSCH, use RNTI of the scheduling DCI for service differentiation.
Proposal 5: For Scenario-15 (URLLC SR vs eMBB PUSCH) and Scenario-18 (URLLC PUSCH vs eMBB PUSCH), the PHY layer should prioritize the MAC PDU received later from or the SR triggered later by the MAC layer when two overlapping MAC PDUs or overlapping MAC PDU and SR are both received from  the MAC layer.
Proposal 6: Reuse the R15 rule for Scenario-04 (URLLC SR vs URLLC PUSCH), Scenario-07 (URLLC SR vs eMBB SR) and Scenario-10 (URLLC PUSCH vs eMBB SR).
Proposal 7: For Scenario-01 (URLLC SR vs URLLC HARQ-ACK), multiplex HARQ-ACK and SR on one PUCCH resource as in R15, except for the following two cases in which the SR should be prioritized and the HARQ-ACK should be dropped.

· a positive SR of PF0 collides with a HARQ-ACK of PF1,

· the timeline is not satisfied.
Proposal 8: For Scenario-05 (URLLC HARQ-ACK vs URLLC PUSCH), if the timeline is satisfied, reuse the R15 rule to implement UCI piggyback on PUSCH, otherwise prioritize the later scheduled UCI/data channel and drop the earlier scheduled channel.

Proposal 9: For the collision among more than two PUCCHs/PUSCHs of the same service type, handle the collision satisfying the timeline first.

Proposal 10: Enhanced MUX method should be supported to handle the collision of more than two HARQ-ACKs colliding with other PUCCHs.

Proposal 11: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
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