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1. Introduction
In the RAN1 #94 meeting, following agreements related to UCI enhancements for the URLLC were achieved [1]:

	Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded

Agreements:
Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches are not precluded




In this contribution, we share our views on UCI enhancements to support URLLC traffic, specifically, for the case where UCI and UL-SCH are URLLC traffic. Enhancements to support out-of-order scheduling and HARQ, which is more related to eMBB and URLLC multiplexing, is discussed in companion contribution [2] 

2. Discussions
2.1. PUCCH repetition and UCI multiplexing rule enhancements
In Rel.15, the PUCCH repetition is supported only for long PUCCH and across multiple slots, which is mainly for coverage purpose. Therefore, it is not suitable for URLLC which requires low latency. It is necessary to enhance PUCCH repetitions for URLLC. Short PUCCH is more effective in terms of latency, and to ensure reliability, repetitions within a slot can be performed by short PUCCH. In a word, NR for URLLC should support short PUCCH repetition. 
Next, we discuss UCI multiplexing rule enhancement for the case where both UCI and UL-SCH are for the URLLC target requirements. In NR Rel-15, basically, UCI is multiplexed on one PUCCH resource when multiple PUCCH resources are overlapped. In case of collision between PUCCH and PUSCH, UCI in the PUCCH is multiplexed on the PUSCH. However, UCI or UL-SCH cannot be multiplexed for following case.
- Case 1: One-symbol PUSCH/two-symbol PUSCH with frequency hopping vs. PUCCH
- Case 2: PUCCH repetition vs. PUCCH/PUCCH repetition
- Case 3: PUCCH repetition vs. PUSCH/PUSCH repetition
For case 1, such configurations are error case in NR Rel-15, since multiplexing of UCI and DMRS within a symbol on PUSCH is prohibited. For URLLC, either multiplexing or handling rule (e.g., drop one of them) should be supported. Otherwise, for example, when UE would transmit 4-symbol PUSCH and 2-symbol PUCCH, where the PUCCH is indicated after scheduling the PUSCH, then the PUCCH needs to be delayed after the PUSCH transmission. It means that the PUCCH transmission increases 4-symbol latency. 
For case 2, one PUCCH with prioritized UCI is transmitted and the other PUCCHs are dropped. The priority is defined as HARQ-ACK > SR > CSI with higher priority > CSI with lower priority. The main reason of such restrictive rule is that to combine soft bits of each PUCCH in repetitions cannot be applied. Channel coding scheme for UCI is different depending on the payload size as repetition code, Reed-Muller code, and Polar code. In addition, even when UCIs in two PUCCH repetitions are coded by polar coding, soft-combining cannot be applied if the payload size is different between repetitions. However, repetition operation offers performance benefit, especially with multiple-TRPs operation, due to special diversity gain in terms of different shadowing and fading channel The details of multi-TRP operation for URLLC is discussed in [3]. Therefore, UCI multiplexing rule enhancement for PUCCH repetition should be introduced for URLLC. It is noted that similar discussions can be provided for case 3 as Fig. 1. In case 3, PUCCH repetition is prioritized and PUSCH is dropped. This multiplexing (dropping) rule should be enhanced as well.
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Fig. 1	Collision between a PUCCH repetition and a PUSCH.
To study PUCCH repetition, the following cases can be considered.
- Case 1: Different polar encoder between PUCCHs
- Case 2: Different coding scheme between PUCCHs as Figure 2: UCI is not always encoded by polar coding, and PF0 does not use channel coding.
If PUCCH repetition without soft-combining (i.e. just selection) provides enough performance gain, PUCCH repetition can be introduced with solutions of how to indicate PUCCH resources regarding PDCCH/PDSCH transmissions. Otherwise, enhancements as PUCCH format, UCI coding procedure need to be considered as well. Easy solution is zero insertion or payload repetition to keep payload size among all PUCCH repetitions including in no collision slot. Performance evaluations should be provided.
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Fig. 2	Different coding scheme across repetitions.
Proposal 1:
· Rel.16 NR URLLC should enable enhanced PUCCH repetition.
· Repetitions should be mapped within a slot or across smaller number of slots
· Repetitions of short PUCCH should be enabled
Proposal 2:
· Study UCI multiplexing rule enhancements in terms of the following:
· Multiplexing of UCI and DMRS within a symbol of PUSCH.
· PUCCH repetition well combined with PUCCH/PUSCH or PUCCH/PUSCH repetition

2.2. PUCCH format enhancements
[bookmark: _GoBack]At first in this subsection, we discuss performance requirement for PUCCH transmission. Regarding HARQ-ACK transmission, whether HARQ operation is allowed depends on the required latency. Relating evaluation is provided in TR37.910 [4]. In [4], achievable latency is presented for each parameter set of frame structure, SCS, resource mapping type, UE capability, and the number of OFDM symbols. The tables are copied in the Appendix in this contribution.
For example, in the case of frame structure = DDDSU, initial transmission (p=0 in the table) with some parameter sets achieves less latency than 1 ms, which is required for factory automation case in the agreed SLS assumptions. e.g. Achievable latency = 0.39 ms by SCS = 30 kHz, resource mapping type B, 2-symbol PDSCH, UE capability 2. On the other hand, in this case, retransmission is not allowed to achieve lower latency than 1 ms. It is noted that the presented value for p=0.1 includes retransmission latency but not maximum value. At the above parameter set, latency = 0.57 ms for p=0.1, but actually latency for one retransmission = (0.57 – 0.39×0.9)/0.1 = 2.19 ms. However, in some parameter sets, especially in case of SCS = 120 kHz, one retransmission can satisfy 1 ms latency. For example, actually latency for one retransmission = (0.46 – 0.4×0.9)/0.1 = 1.0 ms in the case of frame structure = DDDSU, SCS = 120 kHz, resource mapping type B, 7-symbol PDSCH, UE capability 1. Of course, in other use case like AR/VR, required latency is larger, then HARQ retransmission is allowable in many parameter sets. If HARQ retransmission is allowed, large overhead of PDCCH/PDSCH for initial transmission can be avoided. That is, better spectral efficiency is provided, compared to the case that initial transmission always meets latency requirement. Therefore, HARQ operation should be supported for URLLC transmission, i.e. reliability of HARQ-ACK report needs to be studied.
Here, we discuss whether current reliability of HARQ-ACK report is enough or not. As abovementioned, we expect that PDCCH and PDSCH reliability of the initial transmission is not so high if possible. That is, for example, each error probability is defined as the following:
- P_PDCCH_initial = 10^-3: error probability of PDCCH for initial transmission
- P_PDCCH_retrans = 10^-5: error probability of PDCCH for re-transmission
- P_PDSCH_initial = 10^-2: error probability of PDSCH for initial transmission
- P_PDSCH_retrans = 10^-5: error probability of PDSCH for re-transmission
Then, current NR Re-15 is designed to satisfy the following requirements: BLER of NACK-to-ACK (P_NACK-to-ACK) <= 10^-3, BLER of DTX-to-ACK (P_DTX-to-ACK) <= 10^-2. If PUCCH format enhancement is not supported, i.e. P_NACK-to-ACK = 10^-3 and P_DTX-to-ACK = 10^-2, error probability of PDSCH decoding is calculated as below.
P = 1 – {(1 - P_PDCCH_initial)(1 - P_PDSCH_initial) + (1 - P_PDCCH_initial)P_PDSCH_initial(1 - P_NACK-to-ACK)(1- P_PDCCH_retrans)(1 - P_PDSCH_retrans) + P_PDCCH_initial(1 - P_DTX-to-ACK)(1- P_PDCCH_retrans)(1 - P_PDSCH_retrans) = 2.0 × 10^-5
In this case, the PDSCH transmission cannot satisfy URLLC requirement of 10^-5, which is one example of requirements. On the other hand, if PUCCH enhancement is applied as e.g. P_NACK-to-ACK = 10^-4 and P_DTX-to-ACK = 10^-3, the error probability of PDSCH decoding P = 2.2 × 10^-6. In this case, the PDSCH transmission including one re-transmission can achieve the URLLC requirement of 10^-5. Although the above is one example, it seems that PUCCH enhancement is beneficial to reduce required resources for PDCCH/PDSCH transmission and spectral efficiency can be better.
In NR Rel-15, five PUCCH formats are specified. PUCCH format (PF) 0 and PF1 are used for up to 2 bits of UCI and PF2/3/4 are used for more than 2 bits of UCI. PF2/3 can allocate multiple PRBs to accommodate larger UCI payload. On the other hand, PF0/1/4 are defined for only one PRB to support small or medium capacity. For URLLC transmission, even for small/medium UCI payload, it is beneficial to increase the amount of resources for interference mitigation. Both frequency-domain and time-domain can be considered. Time-domain solution can be realized by PUCCH repetition within a slot and across slots. Frequency-domain solution for PF0/1/4 is also beneficial in terms of lower latency compared to increasing time resources. 
Observation 1:
· HARQ operation can be used for URLLC transmission in terms of latency. It is beneficial to reduce overhead of PDCCH/PDSCH transmission.
· Current PUCCH format is not sufficient to achieve URLLC requirement in HARQ operation with less overhead of PDCCH/PDSCH transmission.
Proposal 3:
· Rel.16 NR URLLC should enable enhanced current NR Re-15 PUCCH format 0/1/4.
· Define the requirements for HARQ-ACK on PUCCH for URLLC, e.g.
· BLER of NACK-to-ACK<=10^(-6)
· BLER of DTX-to-NACK <=10^(-4)
· Increase of frequency-domain should be enabled for PUCCH format 0/1/4

2.3. CSI feedback enhancements
In NR Rel-15, aperiodic CSI reporting on PUCCH was discussed for low latency; nevertheless, the conclusion was that NR rel-15 does not support aperiodic CSI on PUCCH. Because it is assumed sufficient to use aperiodic CSI reporting on short PUSCH such as 2-symbol PUSCH to enable fast link adaptation. However, as analysed in our contribution of PDCCH enhancements for URLLC [5], the PDCCH capacity may not be enough to support URLLC traffic. If there is no UL data transmission, using UL grant to trigger A-CSI report on PUSCH without UL-SCH is costly. Therefore, A-CSI report on PUCCH by DL assignment can be studied. If it is beneficial and supported, the joint or separated PUCCH resource used for A-CSI and HARQ-ACK for PDSCH should be further studied. 
One possible mechanism to use DL assignment for A-CSI triggering is to introduce one or more bit new filed as CSI triggering field. On the other hand, another possible mechanism for further overhead reduction is association with PUCCH resource and A-CSI reporting triggering. For example, 7th PUCCH resource in a PUCCH resource set having eight PUCCH resources is configured with A-CSI reporting. When UE is indicated to transmit HARQ-ACK on the 7th PUCCH resource, UE transmits HARQ-ACK with A-CSI report.

In addition, A-CSI without explicit indication can be considered. Explicit triggering from gNB increases PDCCH overhead and latency as abovementioned. A-CSI report on PUCCH by DL assignment is expected to solve this issue, but implicit triggering A-CSI can be introduced for further PDCCH overhead reduction. That is, UE reports A-CSI without any trigger from gNB. In this case, latency is reduced and better MCS adaptation and power control are achieved. The details of A-CSI reporting without explicit indication is studied further. One possible mechanism is A-CSI reporting with each NACK feedback. When NACK is transmitted, UE transmits A-CSI together. It seems feasible since NACK is transmitted when the channel condition is different from that gNB assumes. To update CSI gNB has, CSI reporting from UE is desirable in this case. However, we think that the following two points needs to be discussed. 
First, such solution that change UCI payload according to detection results may be too wasted in terms of efficiency of resource utilization. For example, in the case of 1-bit HARQ-ACK, and the HARQ-ACK is ACK, then used PUCCH resource is one of PUCCH resources in PUCCH resource set 0. On the other hand, when the HARQ-ACK is NACK, and A-CSI is transmitted with the HARQ-ACK, the UCI payload size is larger than 2 bits. Used PUCCH resource is one of PUCCH resources in PUCCH resource set 1-3. That is, UE would transmit UCI on either PUCCH resource. gNB does not know which PUCCH resource is used, thereby both PUCCH resources need to be reserved for the UE. To avoid such wasted resource reservation, A-CSI reporting with each of both ACK and NACK feedback can be considered. UE always report HARQ-ACK and A-CSI when the UE would transmit HARQ-ACK.
Second, probability of NACK to ACK may be increased. As discussed by using an example at the last paragraph, PUCCH resource set is changed e.g. from 0 to 1-3. 1-bit HARQ-ACK report is transmitted on a PUCCH resource with PUCCH format 0/1, but 1-bit HARQ-ACK report and A-CSI are transmitted on a PUCCH resource with PUCCH format 2/3/4. The performance is different, and the latter performance may be worse than that of PUCCH format 0/1. NACK to ACK is not desirable to ensure URLLC reliability, thereby the probability increase of NACK to ACK should be avoided obviously. It is noted that HARQ-ACK is prioritized over CSI since system can work even by using CSI with low accuracy. Hence, careful considerations and evaluations are necessary to introduce implicit A-CSI reporting with HARQ-ACK.
In addition, also SRS is used to know the channel condition. The situation is the same for URLLC, then A-SRS without explicit indication should be introduced as well if A-CSI without explicit indication is enabled.
Proposal 4:
· If PDCCH blocking probability is severe, it is necessary to support aperiodic CSI on PUCCH.
· If it is supported, the signaling to trigger the A-CSI reporting on PUCCH should be DL assignment scheduling the PDSCH at the same time.
· Following can be supported to trigger A-CSI on PUCCH by DL assignment:
· New DCI bit filed is introduced.
· PUCCH resource in PUCCH resource set can be associated with A-CSI report. Transmit A-CSI report and HARQ-ACK when the PUCCH resource associated with A-CSI report is indicated.
Proposal 5:
· Study the necessity and possible mechanism of A-CSI reporting with implicit indication.
· Consider A-SRS without explicit indication as well


3. Conclusion
In this contribution, we discussed URLLC uplink transmission prioritization and multiplexing for inter-UE. Proposals are summarized as following: 

Observation 1:
· HARQ operation can be used for URLLC transmission in terms of latency. It is beneficial to reduce overhead of PDCCH/PDSCH transmission.
· Current PUCCH format is not sufficient to achieve URLLC requirement in HARQ operation with less overhead of PDCCH/PDSCH transmission.
Proposal 1:
· Rel.16 NR URLLC should enable enhanced PUCCH repetition.
· Repetitions should be mapped within a slot or across smaller number of slots
· Repetitions of short PUCCH should be enabled
Proposal 2:
· Study UCI multiplexing rule enhancements in terms of the following:
· Multiplexing of UCI and DMRS within a symbol of PUSCH.
· PUCCH repetition well combined with PUCCH/PUSCH or PUCCH/PUSCH repetition
Proposal 3:
· Rel.16 NR URLLC should enable enhanced current NR Re-15 PUCCH format 0/1/4.
· Define the requirements for HARQ-ACK on PUCCH for URLLC, e.g.
· BLER of NACK-to-ACK<=10^(-6)
· BLER of DTX-to-NACK <=10^(-4)
· Increase of frequency-domain should be enabled for PUCCH format 0/1/4
Proposal 4:
· If PDCCH blocking probability is severe, it is necessary to support aperiodic CSI on PUCCH.
· If it is supported, the signaling to trigger the A-CSI reporting on PUCCH should be DL assignment scheduling the PDSCH at the same time.
· Following can be supported to trigger A-CSI on PUCCH by DL assignment:
· New DCI bit filed is introduced.
· PUCCH resource in PUCCH resource set can be associated with A-CSI report. Transmit A-CSI report and HARQ-ACK when the PUCCH resource associated with A-CSI report is indicated.
Proposal 5:
· Study the necessity and possible mechanism of A-CSI reporting with implicit indication.
· Consider A-SRS without explicit indication as well
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Appendix
Table 5.7.1.1.1-3 DL user plane latency for NR TDD (ms)
(Frame structure: DDDSU)
	DL user plane latency – NR TDD (DDDSU)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.57
	0.86
	0.58
	1.18
	0.65
	0.40

	
	
	p=0.1
	1.95
	1.05
	0.70
	1.56
	0.84
	0.50

	
	M=7 (7OS non-slot)
	p=0
	1.69
	0.92
	0.61
	1.30
	0.71
	0.43

	
	
	p=0.1
	2.07
	1.11
	0.73
	1.67
	0.90
	0.53

	
	M=14 (14OS slot)
	p=0
	2.38
	1.26
	0.78
	1.99
	1.06
	0.60

	
	
	p=0.1
	2,78
	1.46
	0.93
	2.37
	1.25
	0.70

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.16
	0.65
	0.48
	0.66
	0.39
	0.27

	
	
	p=0.1
	1.52
	0.83
	0.59
	1.02
	0.57
	0.36

	
	M=4 (4OS non-slot)
	p=0
	1.28
	0.71
	0.51
	0.82
	0.47
	0.31

	
	
	p=0.1
	1.64
	0.90
	0.63
	1.17
	0.65
	0.40

	
	M=7 (7OS non-slot)
	p=0
	1.49
	0.82
	0.56
	1.10
	0.61
	0.38

	
	
	p=0.1
	1.86
	1.01
	0.69
	1.47
	0.80
	0.47



Table 5.7.1.1.1-4 DL user plane latency for NR TDD (ms)
(Frame structure: DSUUD)
	DL user plane latency – NR TDD (DSUUD)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	15 kHz
	30 kHz
	60 kHz

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.93
	1.04
	0.68
	0.41
	1.56
	0.82
	0.48

	
	
	p=0.1
	2.37
	1.26
	0.78
	0.48
	1.99
	1.04
	0.59

	
	M=7 (7OS non-slot)
	p=0
	2.05
	1.1
	0.71
	0.43
	1.69
	0.88
	0.53

	
	
	p=0.1
	2.49
	1.32
	0.83
	0.5
	2.13
	1.1
	0.64

	
	M=14 (14OS slot)
	p=0
	2.74
	1.44
	0.88
	0.51
	2.39
	1.23
	0.7

	
	
	p=0.1
	3.19
	1.66
	1
	0.58
	2.83
	1.45
	0.81

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.47
	0.81
	0.56
	0.35
	1.01
	0.54
	0.36

	
	
	p=0.1
	1.9
	1.02
	0.67
	0.41
	1.43
	0.75
	0.47

	
	M=4 (4OS non-slot)
	p=0
	1.59
	0.87
	0.59
	0.37
	1.16
	0.62
	0.4

	
	
	p=0.1
	2.01
	1.08
	0.7
	0.43
	1.58
	0.83
	0.5

	
	M=7 (7OS non-slot)
	p=0
	1.83
	0.99
	0.65
	0.4
	1.47
	0.77
	0.48

	
	
	p=0.1
	2.26
	1.2
	0.76
	0.46
	1.9
	0.99
	0.58



Table 5.7.1.1.1-5 DL user plane latency for NR TDD (ms)
(Frame structure: DUDU)
	DL user plane latency – NR TDD (DU)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	15 kHz
	30 kHz
	60 kHz

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.83 
	1.00 
	0.64 
	0.40 
	1.47 
	0.77 
	0.48 

	
	
	p=0.1
	2.04 
	1.11 
	0.73 
	0.48 
	1.66 
	0.87 
	0.52 

	
	M=7 (7OS non-slot)
	p=0
	1.94 
	1.04 
	0.65 
	0.41 
	1.59 
	0.83 
	0.50 

	
	
	p=0.1
	2.16 
	1.16 
	0.75 
	0.49 
	1.79 
	0.93 
	0.55 

	
	M=14 (14OS slot)
	p=0
	2.61 
	1.38 
	0.83 
	0.50 
	2.29 
	1.18 
	0.68 

	
	
	p=0.1
	2.96 
	1.55 
	0.96 
	0.58 
	2.49 
	1.29 
	0.78 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.27 
	0.71 
	0.51 
	0.33 
	0.76 
	0.42 
	0.30 

	
	
	p=0.1
	1.46 
	0.81 
	0.61 
	0.39 
	0.99 
	0.53 
	0.36 

	
	M=4 (4OS non-slot)
	p=0
	1.46 
	0.80 
	0.56 
	0.35 
	0.98 
	0.54 
	0.36 

	
	
	p=0.1
	1.65 
	0.91 
	0.66 
	0.41 
	1.22 
	0.65 
	0.41 

	
	M=7 (7OS non-slot)
	p=0
	1.71 
	0.93 
	0.63 
	0.38 
	1.32 
	0.71 
	0.44 

	
	
	p=0.1
	1.91 
	1.03 
	0.73 
	0.46 
	1.55 
	0.81 
	0.50 
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