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1. Introduction

Agreements and concludions from RAN1#95 meeting:
Agreements:

· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion:

For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:

· How to separate HARQ-ACK multiplexing windows for different PUCCHs?

· How to indicate the starting symbol of different PUCCHs?

· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?

· How to determine dynamic HARQ codebook?

· How to determine semi-static HARQ-ACK codebook?

· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?

· How to determine PUCCH resource for each PUCCH?

· How to do PUCCH resource overriding for HARQ-ACK multiplexing?

· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
Agreements and concludions from RAN1#AH1901 meeting:

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 quatity, 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 paper, Tdocs submitted to RAN1#96 for the issue will be summerized.

2. Multiple PUCCHs for HARQ-ACK within a slot
2.1. How to support multiple PUCCHs for HARQ-ACK within a slot?
As pointed out in Nokia contribution, the schemes supporting multiple PUCCHs for HARQ-ACK within a slot can be catagorized into two major flavors: “Sub-slot-based HARQ-ACK feedback procedure”  and “PDSCH grouping”. The exact K1 and PRI indication methods can be discussed further as one of the detailed aspects for the solution.
Key issue 2.1.1: How to support multiple PUCCHs for HARQ-ACK within a slot?

· Opt.1: Sub-slot-based HARQ-ACK feedback procedure 
· Considered by: QC, DCM, MTK, CATT, LGE, Pana, Intel, OPPO, vivo, Sony, Sequens, InterDigital, CAICT
· Opt.2: PDSCH grouping
· Considered by: ZTE, E///, LGE, Pana, Fujitsu, WILUS
· Opt.2a: PDSCH grouping with explicit indictor (e.g. in DCI or RRC signaling)
· Considered by: ZTE, Pana
· Opt.2b: Implicit PDSCH grouping based on L1 parameters, e.g. PRI, type of PDSCH
· Considered by: ZTE, Fujitsu
· Opt.2c: Implicit PDSCH grouping based on RRC parameters (K1 set, SLIV, CC set, etc.)

· Considered by: HW

· Opt.2d: Implicit PDSCH grouping based on PUCCH resource configurations and processing timeline (for Type I and Type II codebook)
· Considered by: E/// , Fujitsu
· Opt.2e: Implicit PDSCH grouping based on DCI format or RNTI

· Considered by: ZTE, Pana

· Opt.3: Combination of Opt.1 and Opt.2 (PDSCH grouping for differentiating eMBB/URLLC HARQ-ACK codebooks)

· Considered by: HW, Nokia, Pana
· Opt.4: “Codebook-less HARQ”
· Considered by: MTK, WILUS
Key issue 2.1.2: Unit of K1?

· Opt.1: Sub-slot 

· Considered by: QC, DCM, MTK, Pana, OPPO, vivo, Sony, Sequens, InterDigital, CAICT

· Opt.2: Slot 

· Considered by: E///, ZTE, Fujitsu, Moto, WILUS
· Opt.3: Symbol
· Considered by: Samsung, NEC
· Opt.3: Joint encoding of number of slots and subslots in K1 (for extending range of PDSCH-PUCCH timing difference)

· Considered by: Intel

Details of Opt.1 (example):

	Question:
	Answer:

	How to separate HARQ-ACK multiplexing windows for different PUCCHs?
	A virtual subslot grid based on UL numerology is defined over DL and UL parts. HARQ-ACKs mapped into a subslot are multiplexed into a PUCCH.

Note: The subslot grid is not used for PDSCH scheduling. A PDSCH can start from any applicable symbol and with any applicable duration.

	How to indicate the starting symbol of different PUCCHs?
	Separate PUCCH resource sets from R15 are configured for subslot-based PUCCH, in which starting symbol is configured relative to subslot boundary.

	How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
	Both PDSCH-to-subslot and PUCCH-to-subslot association are determined based on UL SCS and subslot grid. 
· Reference point of a PDSCH occasion is its ending symbol.

· Reference point of a PUCCH is its starting symbol.
Then K1 is indicated in unit of subslot.

	How to determine dynamic HARQ codebook?
	Same as in R15, but in unit of subslot.

	How to determine semi-static HARQ-ACK codebook?
	Same as in R15, but in unit of subslot.

	How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
	Separate PUCCH resource sets from R15 are configured for eURLLC.

	How to determine PUCCH resource for each PUCCH?
	Same as in R15.

	How to do PUCCH resource overriding for HARQ-ACK multiplexing?
	Same as in R15, but in unit of subslot.


Concerns/questions about Opt.1:

· Complicate the design and operation for cases with mixed numerologies
· Smaller range of PDSCH-PUCCH timing difference (specially for TDD)

· Whether PUCCH is allowed to cross sub-slot boundary?
· Yes: Nokia
Details of Opt.2 (example):
	Question:
	Answer:

	How to separate HARQ-ACK multiplexing windows for different PUCCHs?
	In general, the PUCCHs with the same starting symbol would be multiplexed, i.e. the multiplexing window is per starting symbol.

(gNB implemention guarantees TDM between PUCCHs accociated with different PDSCH groups)

	How to indicate the starting symbol of different PUCCHs?
	Same as R15.

	How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
	Same as R15.

	How to determine dynamic HARQ codebook?
	PDSCH grouping is used for PDSCH-PUCCH mapping. Then HARQ-ACK is constructed within each group. PDSCH grouping can be with:

· Opt.2a: Explicit indicator in DCI

· Opt.2b: Implied by PRI

· Opt.2c: Implied by RRC parameters (K1 set, SLIV, CC set, etc.)

· Opt.2d: Derived processing timeline

	How to determine semi-static HARQ-ACK codebook?
	Same as R15.

	How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
	Same as R15.

	How to determine PUCCH resource for each PUCCH?
	Same as R15.

	How to do PUCCH resource overriding for HARQ-ACK multiplexing?
	For dynamic HARQ-ACK codebook, overriding is performed within each PDSCH group.

For semi-static HARQ-ACK codebook, same as R15.


Concerns/questions about Opt.2:

· Design commonality between Type I and Type II HARQ-ACK codebook  (DCM)
· Inefficient use of PUCCH resources for Type I HARQ-ACK codebook (Sony)
Concerns/questions about Opt.2a:

· Additional DCI overhead 
Concerns/questions about Opt.2b:

· Chicken-and-egg problem (HW): PUCCH resource set detemination vs. HARQ-ACK codebook determination
Potential proposal: 

For supporting multiple PUCCHs for HARQ-ACK within a slot in R16, down-select between Opt.1 and Opt.2, or combination of Opt.1 (Sub-slot-based HARQ-ACK feedback procedure) and Opt.2 (PDSCH grouping), with consideration on simultaneous HARQ-ACK codebooks for different service types.
· FFS details in potential WI.

2.2. Number of HARQ-ACKs in a slot?

Key issue 2.2.1: Maximum number of HARQ-ACKs in a slot?

· Opt.1: 3 as a starting point (1 for eMBB and 2 for URLLC)
· HW
· Opt.2: 3
· E///
· Opt.3: 7
· QC, Intel
· Opt.4: 14
· ZTE, vivo, Sony
· Opt.5: No limit.

· MTK

Key issue 2.2.2: Configurability of the number of HARQ-ACKs/size of sub-slot in a slot?

· Opt.1: Configurable

· QC, Intel, Nokia, Sequens, OPPO, vivo, Sony, NEC, Sharp
· Opt.2: As a function of SCS
· Intel, Sharp
Potential proposal: 

FFS details in potential WI.

2.3. Details for supporting separate HARQ-ACK codebooks for different service types
In the last meeting, it was agreed that at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE. Meanwhile some detailed FFS points were listed. In this meeting, some Tdocs address the FFS points:
· 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
Key issue 2.3.1: Separate HARQ-ACK procedures for different service types?
Some companies [E///, MTK, Sharp] in general proposed to have separate procedures. And regarding different aspects of the procedure, the opinions are summarized as belows:

· Separate PUCCH resources?

· Opt.1: Only separate PUCCH resources should be allocated (E///, Sharp, Spreadtrum)
· Opt.2: Can be same/overlapped PUCCH resources (ZTE, and many companies proposing solutions to multiplexing/prioritization rules seem also to support this option)
· Separate HARQ-ACK multiplexing windows (Fujitsu)

· Separate PUCCH resource configurations (MTK, Pana, InterDigital, Sharp)
· Separate HARQ-ACK codebook type configurations?
· Opt.1: Same HARQ-ACK codebook type as baseline (E///)

· Opt.2: HARQ-ACK codebook type can be separately configured (MTK, LGE)
· Separate sub-slot size (incl. slot/sub-slot) configurations (MTK, Pana)
· Separate HARQ process ID groups (MTK)

Offline status:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PUCCH resource sets (including resources in the sets) for the two HARQ-ACK codebooks can be separately configured.
· FFS increase number of PUCCH resource sets or not.

· This does not imply that a PUCCH resource set cannot be shared by different service types.
Offline proposal:
Multiplexing/prioritization rules for the two HARQ-ACK codebooks for supporting different service types should be supported in R16 if the PUCCH resource for the two HARQ-ACK codebooks are same or overlapped in time domain.
Key issue 2.3.2: How to identify a HARQ-ACK codebook/procedure (for eMBB or URLLC)?
Most of companies proposed to identify a HARQ-ACK codebook based on PHY parameters/configurations. Some companies (e.g. QC) showed their supports to PHY differentiation in general. Other companies expressed their preference on detailed type of PHY parameters/configurations.

· Opt.1: By DCI format

· Considered by: MTK, Samsung, Sony, OPPO, Sony, Spreadtrum

· Opt.2: By RNTI

· Considered by: E///, MTK, CATT, LGE, OPPO, Sony, Spreadtrum, InterDigital, Sony, Sharp
· Opt.3: By PDSCH grouping

· Considered by: Nokia, Pana

· Opt.4: Explicit indication in DCI

· Considered by: MTK, LGE, OPPO, InterDigital, Samsung, Moto
· Opt.5: By search space properties
· Considered by: E///, MTK, CATT, LGE, InterDigital

· Opt.6: By HARQ process ID grouping

· Considered by: MTK

· Opt.6: By PDSCH duration

· Considered by: Sharp
Potential proposal:
When two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY parameters/configurations. 
· FFS in potential WI the details of the PHY identification, i.e. 
· Explicit DCI indication, or
· Implied by DCI format, RNTI, PDSCH grouping indication (explicit or implicit), search space properties, HARQ process ID grouping indication, PDSCH duration, etc.
Key issue 2.3.3: Applicability to Type I or Type II HARQ-ACK codebook?
· Both: ZTE, DCM
· Semi-static HARQ codebook is not used for R16 URLLC: MTK, Samsung
Key issue 2.3.4: More than 2 codebooks?
· No: LGE, Samsung, QC, OPPO, Spreadtrum
Potential proposal:
· In R16, up to two HARQ-ACK codebooks can be simultaneously constructed for supporting different service types for a UE.
Key issue 2.3.5: CBG configuration is supported for Rel-16 URLLC
· No: LGE, DCM
2.4. HARQ-ACK codebook redundency reduction

· ZTE proposal: Semi-statically configured feedback window splitting
3. Enhancements to UCI multiplexing
3.1. Multiplexing between URLLC UCI and eMBB UCI
Key issue 3.2.1: Multiplexing rules 

Proposal 1 (HW, CATT): 

For one PUCCH carrying eMBB UCI overlaps with another PUCCH carrying URLLC  UCI, these two UCIs should be multiplexed on one PUCCH if the timeline is satisfied and  

· The ending symbol of the PUCCH resource after MUX is not X symbol later than the ending symbol of the original URLLC PUCCH;

· The coding rate of the PUCCH resource after MUX is not Y larger than the coding rate of the original URLLC PUCCH.
Nokia proposal: 

Multiplexing of HARQ-ACK bits for different traffic types can be enabled or disabled by the gNB.
vivo Proposal:
For overlapping between PUCCHs carrying different HARQ-ACK codebooks

· Dropping the PUCCH with lower priority HARQ-ACK can be starting point.
· FFS multiplexing of different HARQ-ACK codebooks into one PUCCH
Sony Proposal:
When PUCCH carrying HARQ-ACK for eMBB and PUCCH carrying HARQ-ACK for URLLC occurs in the same slot, transmit both PUCCHs if they do not overlap in time.  Otherwise if they overlap in time drop the PUCCH carrying HARQ-ACK for eMBB PDSCH.
NEC proposal:
Support simultaneous PUCCH transmissions for different service types by a UE in R16 as a UE capability.
The eMBB PUCCH/PUSCH transmission may be postponed or rate-matched when there is a collision with URLLC transmission.
InterDigital proposal:

Consider enabling new transmission opportunity in case of HARQ-ACK codebook dropping occurs.
Other proposals: 

Nokia proposal: 
· HARQ-ACK priority (e.g. high or low priority) for a PDSCH can be indicated explicitly via a DCI field in DL assignment.
· SR priority (e.g. high or low priority) should be defined. Exact details can be left to WI, which should also take into account RAN2 decision.

3.2. Multiplelxing URLLC UCI in PUSCH
Key issue 3.2.1: Multiplexing rules
Follow different rules for HARQ-ACK multiplexing in PUSCH for eMBB and URLLC, e.g. different beta/alpha factors for prioritizing URLLC HARQ-ACK
· Supported by: HW, E///, Samsung, Pana, Fujitsu
Potential proposal:
· Support different HARQ-ACK/PUSCH multiplexing/prioritizing rules to be adopted for different service types in R16.
Other proposals:

HW proposal: URLLC UCI is only mapped on the first hop
Nokia proposal:

For the multiplexing and prioritization among UCI and PUSCH, use the following rules as the starting point:

· High priority HARQ-ACK and high priority SR can be multiplexed on the same PUCCH.

· Periodic CSI is not multiplexed with high priority HARQ-ACK/SR on a PUCCH.

· In case of prioritization, priority rule for the UCI is defined as: high priority HARQ-ACK/SR > regular HARQ-AKC/SR > P-CSI.
· High priority HARQ-ACK/SR can be multiplexed on high priority PUSCH.
Samsung proposal:

For time overlapping of PUCCH and PUSCH transmissions associated with different service types and subject to a timeline for cancelling an ongoing transmission and when the UE is not configured for Rel-15 behavior

· A dynamically scheduled/triggered transmission (grant-based/Type 1 grant-free PUSCH, HARQ-ACK, SR, SRS) associated with a URLLC has higher priority than a transmission associated with eMBB

· UCI multiplexing in a PUSCH transmission is not supported

If a UE does not support simultaneous PUSCH and PUCCH transmissions, when a grant-free PUSCH overlaps in time with a PUCCH with HARQ-ACK information and, due to timeline, the UE cannot multiplex the HARQ-ACK in the PUSCH, the UE drops either the PUSCH or the PUCCH based on configuration by the gNB.
Parameters associated with a PUCCH transmission (resource, K1 values, power control) or with UCI multiplexing in a scheduled PUSCH transmission (
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 values) are separately configured for eMBB and URLLC and the determination of applicable values is based on the associated DCI format.
Panasonic proposal:

For URLLC PUCCH overlapping eMBB PUSCH case, following should be studied
· Tx prioritization such as dropping or puncturing eMBB PUSCH

· Enhancement of beta-offset values including specific value, which allows for dropping eMBB PUSCH

OPPO proposal: 
PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
Key issue 3.2.2: Support simultaneous PUCCH and PUSCH transmissions in R16

· Considered by: Samsung, Sharp, CAICT

· Problem: SAR, PAPR, power control issues

3.3. Multiplexing UCI in URLLC PUSCH
Key issue 3.3.1: Multiplexing rules
Beta factors < 1.0, including 0.0, allowing for dropping of HARQ-ACK/CSI bits from UCI.
· Considered by: HW, E///, Fujitsu, OPPO, CAICT
Other proposals:

Nokia proposal: 
PUSCH priority (e.g. high or low priority) should be defined. Exact details can be left to WI, which should also take into account RAN2 decision.
Panasonic proposal:

For eMBB PUCCH overlapping URLLC PUSCH case
· Tx prioritization such as dropping or puncturing eMBB PUCCH

· Enhancement of beta-offset values including specific value, which allows for dropping eMBB UCI

4. A-CSI/CQI enhancements
4.1. Proposed enhancements
· CSI enhancements for R16 URLLC proposed include:

· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.
· Proponents: HW, E///, ZTE, QC, Sequens
· For measurement source
· Alt.1: Based on CSI-RS/CSI-IM measurement (vivo, Spreadtrum)
· Alt.2: Based on DMRS/PDSCH/PDCCH measurement (E///, AT&T, ZTE, DCM)
· For report quantity
· Alt.1: R15 baseline (vivo)
· Alt.2: Delta CQI (Nokia, QC)
· Alt.3: Delta SINR (ZTE)
· For report timeline
· Alt.1: R15 timeline (QC, vivo)
· Alt.2: New timeline (ZTE)
· 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 quatity, and timeline (A-CSI triggered to transmit on PUSCH)
· Proponents: Samsung, Intel
· Opt.3: No A-CSI on PUCCH due to this SI
· Proponents: MTK, Nokia, LGE, DCM, vivo, Sony
4.2. Observations and evaluations
Observed gain:
Some companies (Huawei, ZTE, AT&T) observed that A-CSI report is more effient than P-CSI for URLLC. 

Some companies (Huawei, ZTE, Sequens) observed that Opt.1 can avoid unnecessary UL-scheduling DCI overhead when no UL data needs to be scheduled, and thus reduce DCI overhead. 

· Huawei [1] observation:
· Compared P-CSI scheme, A-CSI report enables timely CSI feedback and hence brings up to 20% performance gain.

· Compared to A-CSI on PUSCH, A-CSI on PUCCH brings up to 14% performance gain due to no need of UL grant for triggering.
Table: The ratio of UEs satisfying 4 ms latency and 99.999% reliability and the resource utilization (denoted by the blue values in brackets)
	Scheme
	Baseline P-CSI
	DL-DCI triggered A-CSI on PUCCH with CSI-RS-based measurement
	GC-DCI triggered A-CSI on PUCCH with CSI-RS-based measurement
	UL grant triggered A-CSI on PUSCH
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=100 p/s
	78.6% (15.6%) 
	94.3% (16.3%)
	93.3% (16.9%)
	91.2% (18.1%)
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=200 p/s
	63.8% (32.7%)
	76.5% (34.5%)
	72.3% (35.4%)
	67.1% (41.2%)


· Samsung [13] observation:

Table presents the throughput gain over using only wideband CSI/RSRP when link adaptation is based on (a) RSRP/wideband CSI for initial TB transmission and on CSI feedback for retransmissions and (b) on CSI feedback for both initial TB transmission and retransmissions. The simulation assumptions were as follows: dense urban micro with 4Tx/4Rx, rank 1 always, variable TBS (favorable to CSI feedback), no CSI feedback errors (favorable for CSI feedback), 1% target BLER for initial TB reception (favorable for CSI feedback for retransmissions), and no CSI-RS overhead (favorable to CSI feedback). Even under near-ideal favorable assumptions, there is no meaningful gain from using CSI reports for link adaptation of retransmissions.   

Table: Average/Median/5% UPT gain over using only RSRP for link adaptation for (a) RSRP for initial TB transmission, CSI feedback for TB retransmission, (b) CSI feedback for all TB transmissions

	Link Adaptation
	Cell Loading
	Precoding
	Average UPT gain
	Mean UPT gain
	5% UPT gain

	RSRP + CSI
	Low
	Codebook
	0.7%
	0.1%
	-0.7%

	CSI
	Low
	Codebook
	2.0%
	3.3%
	0.5%

	RSRP + CSI
	Low
	Ideal
	0.7%
	0.9%
	-0.6%

	CSI
	Low
	Ideal
	2.7%
	6.0%
	8.4%

	RSRP + CSI
	Medium
	Codebook
	3.2%
	2.3%
	8.0%

	CSI
	Medium
	Codebook
	4.8%
	5.5%
	-3.3%

	RSRP + CSI
	Medium
	Ideal
	4.2%
	2.4%
	14.2%

	CSI
	Medium
	Ideal
	8.8%
	10.2%
	20.1%


Concerns (from offline discussion in last meeting):
Samsung questioned the necessity of A-CSI for URLLC considering:
· Reliability of CSI reception.

· Impact of measurement and quantization.

Some companies (MTK, LGE, Samsung, Intel, Sony) expressed their concerns about Opt.1, including:

· It only benefits for PDSCH re-transmission and consequent initial transmission for some services, e.g. transport service, thus cannot provide meaningful system benefit. 

· It will increase DL-scheduling DCI overhead.

· It may increase demands to DL processing time, and thus increase the UE complexity.

· It needs to be considered how to multiplex with other UCIs.

· May introduce latency to the scheduling of PDSCH which is undesirable in URLLC (also for Opt.2).
· Two companies (Samsung, Intel) assume that the likelihood of link adaptation for PDCCH being correct while link adaptation for PDSCH being incorrect is small. Other companies believe PDCCH and PDSCH have different reliability targets and different interference loading conditions.

Potential proposal:
· Capture observations on A-CSI/CQI enhancements in the TR.
· No consensus in RAN1 for supporting A-CSI on PUCCH in R16.
4.3. PUCCH resource allocation for A-CSI reports and HARQ-ACK in a slot
Key issue 4.2.1: If A-CSI reporting in PUCCH is supported, multiplexing of A-CSI reports and HARQ-ACK in a slot needs to be further studied.

· Opt.1: Multiplexed with HARQ-ACK in the same PUCCH resource
· Considered by: HW, E///
· Opt.2: Separate PUCCH resources for A-CSI and HARQ-ACK
· Considered by: HW
Samsung proposal: A UE is configured the time unit used to determine the CQI index in a CSI report.
Sequens proposal: It is proposed to avoid PRI in the DCI and let the UE to select the resource from the set of pre-configured resources for short PUCCH transmission in TDD mode.
5. Other proposed enhancements

5.1. PUCCH reliability enhancements

· Sharp proposal: Compared with PUCCH for eMBB, a PUCCH for URLLC can be configured with more PRB allocations, lower coding rate, transmit diversity and higher transmit power, etc.
5.2. PUCCH power control enhancements
Ericsson’s proposal: 
· Consider enhancements in PUCCH power control to enable larger power difference between PUCCH for eMBB and URLLC: 

· New TPC table allowing larger power adjustment steps, and/or

· Dynamic indication of power setting (e.g., [image: image6.png]


, closed-loop index) using DCI indication
HW’s proposal:
· Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
MTK’s proposal:

· Support different PUCCH transmission power levels depending on whether ACK or NACK
Samsung’s proposal:

· PUCCH power control parameters are separately configured per UCI type.
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