3GPP TSG RAN WG1 Meeting #97
R1-1906058
Reno, USA, May 13 - 17, 2019
Agenda Item:
7.2.6.2
Source:
Huawei, HiSilicon
Title:
UCI enhancements for URLLC
Document for:
Discussion and Decision

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
In the RAN1 #96b meeting, the following agreements were achieved [3]:
Agreements:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.

· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 

· FFS for Type I HARQ-ACK codebook.

· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.

· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.

· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.

· FFS: K1 definition.

· FFS: Details of PUCCH resource configuration and determination.

FFS: Use “Codebook-less HARQ” as a complementary or not.

FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 

FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.
Agreements:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.

Based on the above two agreements, sub-slot based HARQ-ACK feedback would be specified. However, as shown in the agreements, some issues still need to be clarified or discussed. 
2.1.1 Clarification for the sub-slot based HARQ-ACK
In the agreement as shown in section 2.1, it is stated that “No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.” In our understanding, it is only applied to a single HARQ-ACK codebook. When considering separate HARQ-ACK codebook construction for different service types, it is likely that a URLLC HARQ-ACK codebook (uAN 1) and an eMBB HARQ-ACK codebook (eAN) are carried by two TDMed PUCCH resources starting in the same sub-slot, as shown in the Figure 1 below. In this case, these two HARQ-ACK codebooks can be transmitted in those two TDMed PUCCH resources. Therefore, it may be better to clarify that “No more than one transmitted PUCCH carrying HARQ-ACKs associated with one service type starts in a sub-slot.”

[image: image1.emf]Sub-slot 1

Sub-slot 2

uAN 1

eAN uAN 2


Figure 1 URLLC HARQ-ACK and eMBB HARQ-ACK carried in two TDMed PUCCH resource starting in the same sub-slot
Regarding “PDSCH-to-sub-slot association”, it seems reasonable that a PDSCH belongs to a sub-slot in which the ending symbol of the PDSCH is located. However, it may need to clarify that whether time advance should be considered if only UL sub-slot is defined. In our understanding, time advance should not be considered for simplicity. Alternatively, DL sub-slot grid can also be introduced.  
Proposal 1: For sub-slot-based HARQ-ACK feedback, 

· Two HARQ-ACK codebooks for different service types can be transmitted on two TDMed PUCCH resources starting in the same sub-slot;

· A PDSCH is associated with a UL sub-slot in which the PDSCH ending symbol is located without considering the time advance.
2.1.2 PUCCH resource determination 
As to “Details of PUCCH resource configuration and determination”, generally speaking, there are two kinds of methods for PUCCH resource set configuration, i.e., per-slot PUCCH resource set configuration and per-sub-slot PUCCH resource set configuration. For per-slot PUCCH resource set configuration, it is better to increase the number of PUCCH resource per set and also increase PRI bits to flexibly indicate the PUCCH resource, however it would result in a larger DCI overhead. By contrast, per-sub-slot PUCCH resource set configuration seems more simple and efficient. Separate PUCCH resource sets for different sub-slots can be configured, and the configured PUCCH resources linked to each sub-slot should start within the sub-slot. 
Moreover, to enable energy accumulation for cell-edge UEs, it should be allowed that the PUCCH resource starting in the early sub-slot can extend to the next sub-slot, which supports reliable PUCCH transmission with long duration while having little spec impact to the per-sub-slot PUCCH resource set configuration and indication. 
Proposal 2: Support per-sub-slot based PUCCH resource set configurations.
Proposal 3: PUCCH resource across sub-slot boundary should be allowed.

2.1.3 HARQ-ACK codebook type
As both Type-1 codebook and type-2 codebook are supported by R15, it is intuitive to reuse them to R16 with not much specification effort, 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 the smallest 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 is higher compared to that in Rel-15, the reliability requirement of 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 unsuccessful ACK/NACK feedback and hence final data transmission.

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 [4].
Moreover, for the HARQ-ACK feedback of SPS PDSCHs, Type-1 HARQ-ACK codebook is more applicable since no dynamic DCI is available to provide DAI information.
Proposal 4: 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 ACK/NACK 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 [5]. As an alternative method, for the associated DL sub-slots within one slot, we can split their SLIVs jointly, which can reduce the resultant PDSCH occasions in some cases. As shown in Figure 2, 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 ACK/NACK. If the SLIVs belonging to these two sub-slots are split together, then only five groups are generated, i.e., group {#0,#5}, group {#1,#6}, group {#2,#7}, group {#3} and group {#4}, and hence only five bits ACK/NACK for five PDSCH occasions are needed. 
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Figure 2 SLIV splitting in case of sub-slot-based HARQ-ACK feedback
Proposal 5: For sub-slot-based HARQ-ACK feedback, the PDSCH occasions used 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 RAN1 #96b meeting [3], the following agreement was achieved:
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:

· Opt.1: By DCI format
· Opt.2: By RNTI

· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)

· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
FFS: For SPS PDSCH (including SPS release PDCCH)
How to identify the URLLC HARQ-ACK is related to a more general question, i.e., how to differentiated URLLC service from eMBB service. This question has been discussed in our companion paper [6]. Generally speaking, Opt.3 would incur the increased DCI size, which does not match with the principle of compressing the payload size for the new DCI; Opt.4 may lead to increased DCI detection complexity or restrict the scheduling flexibility. With respect to Opt.1 and Opt.2, the choice is related to the URLLC DCI design. If some existing DCI format is reused for Rel-16 URLLC scheduling, then Opt.2 is preferable. By contrast, if the newly designed URLLC DCI has a new format, then Opt.1 is preferable. Since the new DCI format could also be identified through a new RNTI if the DCI size is aligned, we think Opt.2, i.e., using RNTI to distinguish URLLC HARQ-ACK from eMBB HARQ-ACK, is the first choice.
Proposal 6: Use RNTI of the scheduling DCI to distinguish the service type of HARQ-ACK.

Moreover, different parameters could be configured separately for HARQ-ACK feedback of different service types to be suited for different requirements. Following parameters can be considered for separate configurations:

· K1 granularity: URLLC HARQ-ACK could be based on sub-slot feedback to reduce feedback latency and HARQ-ACK payload size, while eMBB HARQ-ACK could be based on slot-based feedback to allow efficient HARQ-ACK multiplexing with relaxed feedback latency. 
· K1 set: a K1 set with relatively large range could be configured for eMBB while a small K1 set can be configured for URLLC to both reduce the DCI overhead and feedback redundancy.

· PUCCH resource set: the PUCCH resource set for URLLC HARQ-ACK feedback could be configured per-sub-slot while the PUCCH resource set for eMBB HARQ-ACK feedback could be configured per-slot. 
· SLIV sets: different TDRA tables (hence different SLIV sets) could be configured for URLLC and eMBB, and the table for URLLC should contain a smaller number of entries with K0=0 or K0=1 to reduce the DCI overhead. 
· Coding rates and power control parameters: they could be separately configured to enable distinguished reliability guarantee for URLLC HARQ-ACK and eMBB HARQ-ACK feedback.
Proposal 7: Support separate parameter configurations for URLLC HARQ-ACK feedback and eMBB HARQ-ACK feedback, including, e.g., K1 granularity, K1 set, SLIV set, PUCCH resource set, coding rate and power control parameters.

3 UCI multiplexing on PUCCH
This section mainly focuses on the MUX between UCIs of different service types, and a detailed discussion could be found in our companion paper [7]. 
Before discussing the multiplexing of UCIs for different service types, the first question is whether and how to identify URLLC UCI and eMBB UCI. In our understanding, it is necessary to at least differentiate URLLC HARQ-ACK from eMBB HARQ-ACK, and URLLC SR from eMBB SR. For HARQ-ACK, as discussed above, it is preferable to use RNTI or DCI format to distinguish URLLC HARQ-ACK from eMBB HARQ-ACK. For SR, some implicit method can be specified to identify a URLLC SR. For example, if the period of a SR configuration is smaller than a threshold, the SR configuration is treated as URLLC SR. Also, if the priority of logical channels linked to a SR configuration is larger than a threshold, the SR configuration is linked to URLLC service. 

Observation 1: The service type of SR can be distinguished implicitly based on the periodicity or logical channels linked to the SR configuration.
3.1 Collision of two PUCCHs
In R15, a timeline is defined and only if the timeline is satisfied for overlapping PUCCHs, UCI MUX is performed. The case that overlapping PUCCHs do not satisfy the timeline is treated as an error case and the UE behavior is not specified. However, all the error cases in R15 would be unavoidable in R16 since URLLC UCI, specifically URLLC HARQ-ACK, would be scheduled urgently, resulting in overlap with other UCI which is very close to the corresponding PDSCH, as shown in Figure 3.
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Figure 3 An urgent scheduled HARQ-ACK overlaps with eMBB CSI/SR and the timeline is not satisfied
3.1.1 URLLC UCI overlaps with URLLC UCI
The first case is URLLC HARQ-ACK colliding with URLLC HARQ-ACK. Since URLLC HARQ-ACK was agreed to be sub-slot-based, this case occurs when the PUCCH carrying HARQ-ACK 1 in the early sub-slot extends into the next sub-slot and overlaps with the PUCCH carrying HARQ-ACK 2 in this sub-slot. Firstly, if the collision occurs, the timeline must not be satisfied, otherwise, the gNB can schedule HARQ-ACK 2 also in the early sub-slot. Based on this observation, the first choice is to avoid this case by gNB scheduling, i.e., specify that a UE is not expected to feedback two HARQ-ACKs in two sub-slots with the PUCCH resources overlapping in time. However, someone may argue that there is further priority differentiation among URLLC services, and hence it may be possible the later URLLC HARQ-ACK has a higher priority and hence be scheduled on an overlapping resource with the early scheduled URLLC HARQ-ACK. In such an understanding, the later URLLC HARQ-ACK should be prioritized. 

Proposal 8: For URLLC HARQ-ACK colliding with URLLC HARQ-ACK,

· This case should be avoided by gNB scheduling; or

· The later scheduled HARQ-ACK transmission should be prioritized.

The second case is URLLC HARQ-ACK colliding with URLLC SR. Currently, we think R15 MUX rule can be reused if the timeline is satisfied, and URLLC HARQ-ACK should be prioritized when the timeline is not satisfied. But if some problems are proposed, further enhancements could be studied.
3.1.2 URLLC UCI overlaps with eMBB UCI
During the offline discussion in RAN1 #93 meeting, the following two options are proposed to solve the collision of URLLC UCI and eMBB UCI.
· Opt.1: Prioritize URLLC UCI transmission and drop eMBB UCI;

· Opt.2: If timeline is satisfied, MUX; else, prioritize URLLC UCI transmission and drop eMBB UCI.
Although eMBB UCI is with lower priority than URLLC UCI, it does not mean eMBB UCI, especially eMBB HARQ-ACK, is not critical. Always dropping eMBB UCI will lead to lots of retransmissions and thereby causing critical impact to the eMBB performance when the URLLC traffic frequently arrives. On the other hand, always adopting Opt.2 may potentially cause negative impact to URLLC UCI in the perspective of latency and reliability.

As a trade-off, a new rule in addition to the existing timeline can be specified to enable limited MUX between URLLC UCI and eMBB UCI. The key principle is to guarantee the latency and reliability of URLLC UCI transmission, and hence the rule can be based on location of PUCCH resources.

Proposal 9: For PUCCH 1 carrying eMBB UCI colliding with PUCCH 2 carrying URLLC UCI, these two UCIs could be multiplexed on PUCCH resource, e.g., PUCCH 3, only if the timeline is satisfied and PUCCH 3 ends no later than PUCCH 2.
3.2 Collision of more than two PUCCHs

In the current R15 MUX rules, if more than one PUCCHs overlap, then all PUCCHs should satisfy the timeline and the UE would multiplex these PUCCHs following the pseudo-code in Section 9.2.5 in [8]. However, when more than two PUCCHs collide, the timeline could only be satisfied between partial PUCCHs, as shown in Figure 4 below.
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Figure 4 Timeline partially satisfied among overlapping PUCCHs
The straightforward way is to handle the PUCCH collision for PUCCHs satisfying the timeline first, e.g., AN1 and CSI/SR in the left part of Figure 4. Another method is to handle the PUCCH collision sequentially in the time domain, i.e., the first two PUCCH resources (starting early in time) are selected and the collision is first handled. Alternatively, we can first handle the PUCCH collision carrying eMBB UCIs since the timeline is must satisfied, and then handle the eMBB PUCCH and URLLC PUCCH(s) collision sequentially in time. 
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 R15 NR cannot work. Figure 5 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.
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Figure 5 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 UCI multiplexing on PUSCH

This section mainly focuses on the MUX between UCI and data of different service types, and a detailed discussion can be found in our companion paper [9]. 
Similar to the PUCCH and PUCCH collision, the prerequisite of the following discussions is how to identify the priority of different UCIs/data. For PUSCH, we can also use the RNTI for service differentiation, at least for dynamic scheduled PUSCH. 

Observation 2: For dynamic PUSCH, use RNTI of the scheduling DCI format for service differentiation.
4.1 Collision of one PUCCH and one PUSCH
4.1.1 URLLC PUCCH overlaps with eMBB PUSCH
If the timeline for both are satisfied, whether to perform MUX and how to guarantee the low-latency and high reliability for URLLC UCI should be considered. Generally Speaking, it is preferable to allow URLLC UCI MUX on eMBB PUSCH with the following enhancements.

Firstly, it is reasonable to map URLLC UCI only on the first hop for latency reduction. Secondly, it is better to drop eMBB PUSCH when the symbol for UCI mapping is later than the ending symbol of the original PUCCH resource. Finally, it should be supported to configure different beta-offset values for URLLC UCI and eMBB UCI, and also enable one beta-offset bit-field to indicate two values if DCI format 0_1 is used.

Proposal 11: Enhanced UCI mapping methods for URLLC PUCCH colliding with eMBB PUSCH should be supported, e.g., only mapping URLLC UCI on the first hop and configuring different beta-offsets for eMBB UCI and URLLC UCI.

4.1.2 eMBB PUCCH overlaps with URLLC PUSCH
If the timeline is not satisfied, URLLC PUSCH should be prioritized. Moreover, since the eMBB UCI may have a large payload size and the existing beta-offset value is no smaller than one, piggybacking eMBB UCI on URLLC PUSCH may consume too much resources. Hence even when the timeline is satisfied, piggyback eMBB UCI on URLLC PUSCH would reduce the transmission reliability of URLLC data. 
The simple solution is always to drop UCI and to only transmit the high priority URLLC PUSCH. However, the eMBB UCI may have a small payload, e.g., ACK/NACK, and piggybacking this UCI would not consume much resources. As a trade-off, it is expected to design a new MUX rule. One option is to enable smaller beta-offset, e.g., beta-offset < 1, to enable a small number of resources allocated for UCI. Furthermore, beta-offset = 0 could be enabled to thoroughly disable UCI piggyback. Alternatively, some extra conditions for eMBB UCI piggybacked on URLLC PUSCH could be specified. For example, only eMBB HARQ-ACK could be piggybacked, or only eMBB UCI with payload size smaller than a threshold could be piggybacked. 
Proposal 12: Enhanced UCI piggyback method to prioritize URLLC PUSCH transmission should be supported, e.g., enabling beta-offset < 1 to reduce the resources allocated for eMBB UCI and even beta-offset = 0  to implicitly disable UCI piggyback.
4.1.3 URLLC PUCCH overlaps with URLLC PUSCH
For the case when URLLC PUCCH overlaps with URLLC PUSCH, if the timeline is satisfied, UCI piggyback should be performed. Otherwise, if the timeline is not satisfied, the UE should prioritize one uplink transmission and drop the other. Simply, the UE can prioritize the dynamically scheduled uplink channel over configured ones and/or the later scheduled channels over the early scheduled ones.
4.2 Collision of more than one PUCCH/PUSCH
4.2.1 eMBB PUCCH and URLLC PUCCH overlapping with one PUSCH
If all the overlapping PUCCHs carry eMBB UCI, then this case has been handled by R15. We mainly focus on the case when two PUCCHs carrying URLLC UCI and eMBB UCI respectively overlap with one PUSCH. The first issue is whether to adopt joint coding/mapping or separate coding/mapping. As mentioned in Section 2.1, different beta-offset values would be used for these two kinds of UCIs, and hence it seems separate coding and mapping is more appropriate. 

Proposal 13: When eMBB UCI and URLLC UCI are piggybacked on one PUSCH, support separate coding and mapping for these two UCIs.
4.2.2 MUX order when timeline is partially satisfied
When more than two PUCCHs/PUSCHs collide, it is possible that only parts of PUCCHs/PUSCHs satisfy the timeline. Then how to define the MUX order is a complex work. Similar to the analysis for the collision among more than two PUCCHs, one solution is handle the collision satisfying timeline first. Alternatively, the UE can handle the collision sequentially in time or first handle the collision of eMBB PUCCHs/PUSCHs. The detailed design should rely on the MUX rule for the collision between one PUCCH and one PUSCH, and can be postponed in the next meeting.

As a special example, Figure 6 shows that one PUCCH collides with two PUSCHs while the timeline is only satisfied between the PUCCH and the later PUSCH. In such a case, we can simply handle the collision satisfying timeline first, i.e., piggyback UCI from the PUCCH resource onto the first PUSCH satisfying the timeline. 
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Figure 6 PUCCH overlaps with more than one PUSCHs and only parts of PUSCHs satisfy timeline
5 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 R15, 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: image8.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: image10.wmf]PUCCH,,
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denoted by TPC command, e.g., modify the entries of TPC table in R15 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 14: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
6 Conclusions 
In this contribution, we discuss the enhanced UCI feedback and UCI MUX for URLLC. Based on the discussions, observations and proposals are given as follows.
Observation 1: The service type of SR can be distinguished implicitly based on the periodicity or logical channels linked to the SR configuration.
Observation 2: For dynamic PUSCH, use RNTI of the scheduling DCI format for service differentiation.
Proposal 1: For sub-slot-based HARQ-ACK feedback, 

· Two HARQ-ACK codebooks for different service types can be transmitted on two TDMed PUCCH resources starting in the same sub-slot;

· A PDSCH is associated with a UL sub-slot in which the PDSCH ending symbol is located without considering the time advance.
Proposal 2: Support per-sub-slot based PUCCH resource set configurations.
Proposal 3: PUCCH resource across sub-slot boundary should be allowed.

Proposal 4: Support Type-1 codebook type for sub-slot-based HARQ-ACK feedback.
Proposal 5: For sub-slot-based HARQ-ACK feedback, the PDSCH occasions used 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 6: Use RNTI of the scheduling DCI to distinguish the service type of HARQ-ACK.
Proposal 7: Support separate parameter configurations for URLLC HARQ-ACK feedback and eMBB HARQ-ACK feedback, including, e.g., K1 granularity, K1 set, SLIV set, PUCCH resource set, coding rate and power control parameters.
Proposal 8: For URLLC HARQ-ACK colliding with URLLC HARQ-ACK,
· This case should be avoided by gNB scheduling; or

· The later scheduled HARQ-ACK transmission should be prioritized.
Proposal 9: For PUCCH 1 carrying eMBB UCI colliding with PUCCH 2 carrying URLLC UCI, these two UCIs could be multiplexed on PUCCH resource, e.g., PUCCH 3, only if the timeline is satisfied and PUCCH 3 ends no later than PUCCH 2.
Proposal 10: Enhanced MUX method should be supported to handle the collision of more than two HARQ-ACKs colliding with other PUCCHs.
Proposal 11: Enhanced UCI mapping methods for URLLC PUCCH colliding with eMBB PUSCH should be supported, e.g., only mapping URLLC UCI on the first hop and configuring different beta-offsets for eMBB UCI and URLLC UCI.
Proposal 12: Enhanced UCI piggyback method to prioritize URLLC PUSCH transmission should be supported, e.g., enabling beta-offset < 1 to reduce the resources allocated for eMBB UCI and even beta-offset = 0  to implicitly disable UCI piggyback.
Proposal 13: When eMBB UCI and URLLC UCI are piggybacked on one PUSCH, support separate coding and mapping for these two UCIs.
Proposal 14: 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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