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1 Introduction
In RAN#83 plenary meeting, the WID on physical layer enhancements for NR URLLC [1] and the WID on support of NR industrial internet of things (IoT) [2] were approved. Regarding UCI enhancements, the following scope is defined in [1]
· Specification of UCI enhancements [RAN1]
· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
To provide a solution for multiple PUCCHs with HARQ-ACK information in a slot, RAN1 has made the following agreements in the last RAN1#96bis meeting [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.
· [bookmark: _Hlk7776176]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.

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)




Regarding intra-UE prioritization/multiplexing, the following scope is defined in [2].
2. The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].
· Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].
In this contribution, we discuss solutions to support multiple PUCCHs with HARQ-ACK information within a slot and data/control and control/control resource collision scenarios.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]HARQ-ACK Codebook Issues
[bookmark: OLE_LINK69]Dynamic HARQ-ACK codebook
Rel-16 URLLC supports more than one HARQ-ACK codebooks for each service-type and at least dynamic HARQ-ACK codebook can be used. To support multiple PUCCHs with HARQ-ACK information within a slot, sub-slot based K1 granularity is adopt. In this case, Rel-15 HARQ-ACK codebook construction is applied in unit of sub-slot at least for dynamic HARQ-ACK codebook. 
The basic rule of Rel-15 dynamic HARQ-ACK is to use counter-DAI and total-DAI of which roles are summarized as follows.
1) Use counter-DAI to find HARQ-ACK bit position in a dynamic HARQ-ACK codebook
2) Use total-DAI to determine the size of a dynamic HARQ-ACK codebook
Without the total-DAI field, the dynamic HARQ-ACK codebook can be correctly generated if the last PDCCH is not missed. Also, the total-DAI field in not included in the Rel-15 fallback DCI format 1_0 and also the pseudo-code in TS38.213 Section 9.1.3.1 can be reused without modifications. That is, the total-DAI field can be excluded from the DCI format for Rel-16 DCI format. However, the counter-DAI field is crucial to generate a dynamic HARQ-ACK codebook. If the counter-DAI field is excluded from the DCI format for the Re1-16 URLLC, a UE may not find correct HARQ-ACK bit positions in a dynamic HARQ-ACK codebook. 
· Observation 1: 
· Even if the total-DAI field is not included in the DCI format for Rel-16 URLLC, the pseudo-code for dynamic HARQ-ACK codebook in Rel-15 can be reused without modification. 
· However, if the counter-DAI field is not included in the DCI format for Rel-16 URLLC, the pseudo-code dynamic HARQ-ACK codebook in Rel-15 should be modified to find correct HARQ-ACK bit positions.
Several options can be considered to determine HARQ-ACK bit position in a dynamic HARQ-ACK codebook without the counter-DAI field, e.g., 
Option 1) Based on physical mapping information of PDCCH. e.g. cell index, CORESET index, or search space index where the PDCCHs are detected.
Option 2) Based on other DCI fields in a PDCCH. e.g. HARQ process number
The option 1 is to use the physical mapping information of PDCCH. If a UE detects a PDCCH, then the UE can identify the cell index, CORESET index, or search space index where the PDCCH is associated. Based on the information, the UE can determine HARQ-ACK bit positions in a dynamic HARQ-ACK codebook. For example, the HARQ-ACK bits can be arranged by first ascending order of cell index, second ascending order of CORESET index, and last ascending order of search space index.
The option 2 is to use other DCI fields in a scheduling PDCCH. For example, the HARQ process number can be used to determine HARQ-ACK bit positions. Since there are no more than two PDSCHs with the same HPN in a multiplexing window, the UE can arrange PDSCHs according to ascending order of the HPN. This option is quite simple, it would increase a UE complexing. If the later PDSCH may have the lower HPN, the UE should re-order HARQ-ACK bits according to the HPN. Therefore, we slightly prefer to use option 1 in case that the counter-DAI field is excluded from the DCI formation scheduling Rel-16 URLLC.
· Proposal 1: Further study the dynamic HARQ-ACK construction rules in case that the counter-DAI field is excluded from the DCI formation scheduling Rel-16 URLLC.

Semi-static HARQ-ACK codebook
In the last RAN1#96bis meeting, RAN1 discussed whether or not to support semi-static HARQ-ACK codebook for Rel-16 URLLC. The concerns are i) higher UCI overhead and ii) more specification works. Regarding the higher UCI overhead, since the URLLC traffic is bursty and event-driven, it is highly inefficient to make a HARQ-ACK codebook in a semi-static way. However, size of the semi-static HARQ-ACK codebook depends on the number of configured K1 values and TDRA table so that the size can be controlled by gNB. Regarding the more specification works, RAN1 already supports to sub-slot-level K1 granularity and thus, the semi-static HARQ-ACK codebook can be constructed based on the unit of sub-slots. By replacing slot with sub-slot, we can reuse pseudo-code in Section 9.1.2.1 TS38.213. Additionally, the semi-static HARQ-ACK codebook is robust to DTX case. For example, a UE misses to detect a PDCCH scheduling a PDSCH reception, the UE may construct a dynamic HARQ-ACK codebook with wrong HARQ-ACK bit positions. Note that if the counter-DAI field is included in the DCI format, such a miss-understanding can be avoided. However, as mentioned above, it would increase the DCI overhead and have a negative impact on the PDCCH coverage. However, the UE can correctly construct the semi-static HARA-ACK codebook without a help of the counter-DAI field. Basically, the DL coverage is limited then it would be better to use the semi-static HARQ-ACK codebook and the UL coverage is limited then it would be better to use the dynamic HARQ-ACK codebook. The network may choose one of codebook types depending on the wireless channel environments. Based on the observations, we propose:
· Proposal 2: Support semi-static HARQ-ACK codebook for Rel-16 URLLC.

On FFS: Use “Codebook-less HARQ” as a complementary or not.
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Figure 3. Example of HARQ-ACK multiplexing indicator
Even if HARQ-ACK codebook is an efficient way to multiplex HARQ-ACK information for multiple PDSCHs, the usage of HARQ-ACK codebook is quite limited when considering a URLLC packet is small size (tens or hundreds byte) and has a bursty nature. Since the semi-static HARQ-ACK codebook may result in high UCI overhead even when a single PDSCH is received, it would be better to use codebook-less transmission for some URLLC service. Also, the number of PUCCHs with HARQ-ACK information can be larger than that of PUCCHs with HARQ-ACK codebook. Up to 14 PUCCHs with HARQ-ACK information in a slot can be basically supported but there are no reasons to support that all of 14 PUCCHs have HARQ-ACK codebook. Therefore, some of PUCCHs may carry HARQ-ACK information for a PDSCH reception. In order to differentiate a PUCCH with HARQ-ACK information for a PDSCH reception and a PUCCH with HARQ-ACK codebook, there should be 1-bit indicator to distinguish two PUCCHs. 
In order to support the codebook-less transmission, we can introduce the 1-bit HARQ-ACK multiplex indicator notifying a UE whether the HARQ-ACK information of the PDSCH is multiplexed in the codebook. In other words, if the UE detects PDCCHs with the HARQ-ACK multiplex indicator of 1, the HARQ-ACK information of the PDSCHs scheduled by PDCCHs is multiplexed, but if the UE detect a PDCCH with the HARQ-ACK multiplex indicator of 0, then the HARQ-ACK information of the PDSCH scheduled by the PDCCH is not multiplexed and transmitted in a separate PUCCH. The 1-bit HARQ-ACK multiplexing indicator can be explicitly transmitted in a scheduling DCI. However, in terms of DCI overhead, it would be better to use an existing DCI field in the scheduling DCI such as K1, PRI, HARQ process ID or PDSCH group indicator (if introduced), etc.

· Proposal 3: Support the codebook-less transmission in Rel-16 URLLC
· The codebook-less transmission is to report HARQ-ACK information for a single PDSCH without multiplexing other PDSCHs
· The codebook-less transmission can be indicated via an existing field in a scheduling DCI

Discussion on UCI multiplexing considering URLLC data in PUSCH
In NR, when considering a full flexibility in the perspectives of scheduling and HARQ operation without any scheduling restriction, a collision in certain symbol(s) may happen for a given carrier for a UE between eMBB PUCCH/PUSCH and URLLC PUSCH, i.e., between PUSCH for eMBB UL data or PUCCH for UCI transmission corresponding eMBB DL data and PUSCH for URLLC UL data. In this section, we address how to handle UCI multiplexing in case of collision PUCCH/PUSCH and PUSCH with URLLC data for a UE at a given carrier.
Scenario 5: In a collision between PUCCH and PUSCH with URLLC data
For the case of the collision on symbol(s) overlapped in time between PUCCH and PUSCH with URLLC data, the alternatives can be considered: 
· Alt.1 Drop PUCCH regardless of PUCCH w/ and w/o HARQ-ACK
· Alt 2. Collision handling differently depending on whether or not including HARQ-ACK in a PUCCH
· In a collision between PUCCH with HARQ-ACK and PUSCH with URLLC data scheduling for a given UE
· Alt.2-1. Using shortened PUCCH format not to be overlapped with URLLC PUSCH data 
· FFS whether CSI can be included in shortened PUCCH or not
· Alt 2-2. PUSCH with URLLC data can be punctured on the overlapped symbol(s) if PUCCH and PUSCH can be transmitted in a different symbol(s)
· Alt 2-3. Piggybacking UCI on PUSCH with URLLC data scheduling
· Option-A: Piggybacking on PUSCH with URLLC data by puncturing or rate-matching on PUSCH with URLLC data for transmitting # of HARQ-ACK bits
· Option-B: Piggybacking on PUSCH with URLLC data by scheduling PUSCH with URLLC data including expected # of HARQ-ACK bits
· In a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling for a given UE
· Drop PUCCH
For the case of a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling, it makes sense to drop PUCCH. However, for the case of a collision between PUCCH with HARQ-ACK and PUSCH with URLLC data scheduling, it seems beneficial to consider further options such as using shortened PUCCH format or piggybacking UCI on PUSCH with URLLC data scheduling when considering the impact of eMBB operation and the eMBB UL scheduling delay which may be increased due to no HARQ-ACK transmission for the eMBB data.
· Proposal 4: RAN1 needs to further discuss how to specify collision handling between PUCCH/PUSCH and PUSCH with different reliability requirement considering minimizing the impact of eMBB operation and minimizing scheduling delay.
· Proposal 5: 
· If a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling is occurred, drop PUCCH.
· For the case of a collision between PUCCH with HARQ-ACK and PUSCH with URLLC, it seems beneficial to consider further options such as using shortened PUCCH format or piggybacking UCI on PUSCH with URLLC.
Scenario 3: In a collision between PUSCH and PUSCH with URLLC data
In the case of the collision on symbol(s) overlapped in time between PUSCH and PUSCH with URLLC data for a UE at a given carrier. In other words, especially, for the collision between PUSCH w/ or w/o UCI and PUSCH with URLLC data scheduling, the options can be considered: 
· In case of a collision between PUSCH w/ UCI and PUSCH with URLLC data scheduling for a given UE, the transmission of PUSCH with URLLC data and UCIs can be handled as follows:
· Option 1. Shifted UCI transmission i.e. All UCI RE(s) is shifted to UL-SCH RE(s) within PUSCH resource allocation region
· Option 2. Only A/N RE(s) is shifted to the next symbol(s) of URLLC data and drop CSI part 1/CSI part2
· Option 3. Both A/N RE(s) and CSI part 1 are shifted to the next symbol(s) of URLLC data and drop CSI part2
· In case of a collision between PUSCH w/o UCI and PUSCH with URLLC data scheduling for a given UE.
· Drop PUSCH w/o UCI and transmit PUSCH with URLLC data scheduling.
For the case of a collision between PUSCH without UCI and PUSCH with URLLC data scheduling, it makes sense that later UL grant overrides the earlier UL grant. However, for the case of a collision between PUSCH with UCI and PUSCH with URLLC data scheduling, it seems beneficial to consider further options that UCI corresponding eMBB data is shifted to UL-SCH RE(s) on PUSCH by the later UL grant for URLLC data when considering the impact of eMBB operation and the scheduling delay which may be caused by not transmitting the UCI related to the eMBB data.
· Proposal 6: 
· The later UL grant overrides the earlier UL grant for the case of a collision between PUSCH without UCI and PUSCH with URLLC data scheduling
· For the case of a collision between PUSCH with UCI and PUSCH with URLLC data scheduling, it seems beneficial to consider further options that UCI corresponding eMBB data is shifted to UL-SCH RE(s) on PUSCH

3 Conclusion
In this contribution, the three solutions, the finer K1 granularity, the PDSCH group indicator, and the HARQ-ACK multiplexing indicator were discussed, and the following was proposed
· Proposal 1: Further study the dynamic HARQ-ACK construction rules in case that the counter-DAI field is excluded from the DCI formation scheduling Rel-16 URLLC.
· Proposal 2: Support semi-static HARQ-ACK codebook for Rel-16 URLLC.
· Proposal 3: Support the codebook-less transmission in Rel-16 URLLC
· The codebook-less transmission is to report HARQ-ACK information for a single PDSCH without multiplexing other PDSCHs
· The codebook-less transmission can be indicated via an existing field in a scheduling DCI
· Proposal 4: RAN1 needs to further discuss how to specify collision handling between PUCCH/PUSCH and PUSCH with different reliability requirement considering minimizing impact of eMBB operation and minimizing scheduling delay.
· Proposal 5: 
· If a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling is occurred, drop PUCCH.
· For the case of a collision between PUCCH with HARQ-ACK and PUSCH with URLLC, it seems beneficial to consider further options such as using shortened PUCCH format or piggybacking UCI on PUSCH with URLLC.
· Proposal 6: 
· The later UL grant overrides the earlier UL grant for the case of a collision between PUSCH without UCI and PUSCH with URLLC data scheduling
· For the case of a collision between PUSCH with UCI and PUSCH with URLLC data scheduling, it seems beneficial to consider further options that UCI corresponding eMBB data is shifted to UL-SCH RE(s) on PUSCH

References
[1] RP-190726, “New WID: Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC),” RAN#83
[2] RP-190728, “New WID: Support of NR Industrial Internet of Things (IoT),” RAN#83
[3] RAN1 Chairman’s Notes, RAN WG1 Meeting #96bis

image1.png
Multiplexed ,i\n a single PUCCH

[l
\Y

i/lfo 7 @

/" DL slot ; UL slot

/ NOT multiplexed
HARQ-ACK Multiplexing indicator (separate PUCCHs)




