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1 Introduction
The document provides a summary for discussion based on the contribution submitted to agenda item 7.2.6.2-UL inter UE Tx prioritization/multiplexing. 
2 Summary
2.1 Details on UL cancelation mechanism
2.1.1 Signalling methods for UL cancelation
· UL cancelation indication is transmitted based on 
· PDCCH (22): ZTE, vivo, Ericsson, AT&T, Fujitsu, China Telecom, Mitsubishi, Panasonic, Sequans, ETRI, Apple, InterDigital, III, WILLUS, NTT DOCOMO, Nokia, Qualcomm, LG, Intel, NEC, KT, TCL
· Sequence (3): OPPO, Sony, Mitsubishi (UE-specific sequence)
· Group common vs. UE specific DCI
· Group common DCI (16): ZTE, vivo, Ericsson, Fujitsu, China Telecom, Panasonic, Sequans, ETRI, NTT DOCOMO, Nokia, Qualcomm, LG, InterDigital. Mitsubishi, KT, TCL
· UE specific DCI, e.g. re-scheduling DCI (12): vivo, Mediatek, AT&T , CATT, CMCC, China Telecom, ETRI, WILLUS, NTT DOCOMO, Sony, Intel, Mitsubishi
· Reusing of existing DCI formats: MTK, 
Proposal:  
For UL cancelation, PDCCH is used for the cancelation indication. FFS group common or UE specific DCI. 
	Company
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	TCL
	As a single URLLC transmission may have an overlap over multiple pre-scheduled or ongoing transmission, a group common PDCCH design seems more favourable over a UE specific design.

	
	

	
	


2.1.2 Monitoring aspects for UL cancelation indication
· UE only monitors for the L1 indication subsequent to receiving an UL grant: 
· Fujitsu, Intel, Nokia, Qualcomm, Sequans
· Monitoring capability for UL PI (e.g number of BD, CCEs)
· The same as Rel-15: CATT (for non-URLLC capable UEs)
· Enhanced monitoring capability: vivo, AT&T ,NEC
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2.1.3 UE behaviour upon receiving UL cancelation indication
· Stop without resume 
· vivo, Panasonic, NTT DOCOMO, Sony, OPPO, Intel, TCL
· Stop and with resume

· Panasonic, Nokia, ZTE, AT&T ,
· Which UL channel/signal can be cancelled?

· At least PUSCH is cancelled, FFS for other channels. (Intel)
· Part or whole PUSCH is cancelled depending on the pre-empted part (WILLUS, LG)
· If at least one resource element mapping to either of UCI and DMRS in PUSCH is pre-empted, then drop all PUSCH. 

· If all of resource elements mapping to either of UCI and DMRS in PUSCH are not pre-empted, then the DMRS and UCI are not cancelled (i.e. transmitted).
· UE-specific interpretation of UL cancelation indication (Sequans)
· A combined indication of cancelation and continuation can be used for the UL PI, UEs with good channel quality interpret it as cancelation indication and UEs with bad channel quality interpret it as continuation indication. The channel quality is implicitly indicated with the AL of the DCI which scheduled the PUSCH.  
	Company
	View

	TCL
	Stop and Resume certainly has its advantages but this would result in spill-overs of transmission over the other pre-scheduled transmissions. Then further procedures may be required to handle this impact.

For this reason, stop without resume seems to be a better alternative.

	
	


2.1.4 Reference resource region for the UL cancelation indication
· Time region 
· Implicitly determined/pre-defined:  ZTE, vivo, Sony, LG (considering the processing time)
· Explicitly configured by the network: ZTE, vivo, NEC, Nokia (by DCI)
· Frequency region

· Implicitly determined/pre-defined: ZTE (finer granularity than DL PI), vivo
· Explicitly configured by the network: ZTE (finer granularity than DL PI), vivo, LG
	Company
	View

	TCL
	Time Region: 

As the cancelled transmissions are from eMBB UEs, typically they would be spanning the slot so most straight-forward choice would be to have the implicitly determined time regions.

Frequency Region:

Due to potentially very wide-bandwidth carriers in NR, multiple users will be typically scheduled in each slot on different frequency PRBs. It would make sense to have a much finer granularity in the frequency region to indicate the UL cancellation indication.

	
	


2.1.5 Methods to enhance the dynamic sharing between grant-based eMBB and grant-free URLLC
· Grant-free URLLC UE can be indicated by gNB to avoid colliding with eMBB when eMBB PUSCH is scheduled over the grant-free resource

· ZTE, Sony, Panasonic, III, NTT DOCOMO
· Grant free plus SR (OPPO)

· DTX transmission for eMBB (Sony)
· Dynamic power control mechanisms can be applied for the URLLC UE(s) (Huawei)
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2.2 Details on power control enhancements
· Companies that supports enhanced UL power control than UL cancelation
· Huawei, MediaTek, Samsung, InterDigital, ASUSTEK 
· To adopt both UL cancelation and enhanced power control as complementary solutions
· Vivo, ZTE, LG, Interdigital
· Signaling methods for enhanced dynamic power control

· Indication of open-loop parameter sets based on scheduling DCI without using SRI

· new RNTI, new MCS table or DCI size can be used to differentiate open-loop parameter sets (Panasonic)
· Indication of open-loop parameter sets based on GC-PDCCH: Samsung, InterDigital
	Company
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2.3 Performance evaluations

System level simulation results are provided by companies to study the necessity of any enhanced scheme for UL inter-UE multiplexing.
Additional link level simulation results are also provided. 
2.3.1 Link level simulations
Agreed
Update the observations for link level simulations for TR38.824 section 7.1 “performance evaluation”
· For URLLC with low MCS level

· Three sources (source 1/2/3) observed 0.2dB~1dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#0 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#0, assuming MMSE-IRC receiver is used at the gNB and 0dB power offset. 
· Twosources (source 2/3) observed the loss can be reduced to 0.2dB~0.5dB, when URLLC power is 3dB higher than eMBB
· One source (source 1) observed the loss can be negligible if MMSE-SIC receiver is used at the gNB  (eMBB and URLLC are decoded with two hypothesis)  and 0 dB power offset assuming orthogonal DMRS between eMBB and URLLC
· One source (source 19) observed 1.5dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#3 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#3, assuming MMSE-IRC receiver is used at the gNB and 0dB power offset, and the loss can be reduced to 0.7dB when URLLC power is 3dB higher than eMBB.
· For URLLC with medium MCS level

· Two Three sources (source 2/3/13) observed 1.8dB~6dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#6 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#6, assuming MMSE-IRC receiver (source 2/3) or MMSE receive (source 13) is used at the gNB. 

· The same two sources observed the loss can be reduced to 0.4dB~2dB, when URLLC power is 3dB higher than eMBB
· One source (Source 13) observed the loss cannot be reduced if MMSE-SIC receiver is used assuming case 1 DMRS assumption between eMBB and URLLC

· For URLLC with higher MCS level

· One source (source 1) observed about 3.2dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#14 and collides with another eMBB PUSCH transmission using MCS#14 or 23 (for the higher SE table), compared to the baseline with URLLC only PUSCH transmission using MCS#14, assuming MMSE receiver is used at the gNB and 0dB power offset.

· The same source observed that when no power offset is applied to the URLLC, if MMSE-SIC receiver is used at the gNB (eMBB and URLLC are decoded with two hypothesis), the loss can be reduced to 0.5dB for the case with URLLC MCS#14 and eMBB MCS#14, assuming orthogonal DMRS between eMBB and URLLC. However, the loss cannot be reduced by MMSE-SIC receiver for the case with URLLC MCS#14 and eMBB MCS#23. 

· One Two sources (source 3/19) observed URLLC error floor at 10-1~10-2  10-3 when URLLC PUSCH uses MCS#10 or 14 and collides with another eMBB PUSCH transmission using 16QAM or 64QAM, compared to the baseline with URLLC only PUSCH transmission using MCS#10 or 14, assuming MMSE-IRC receiver is used at the gNB and 0dB or 3dB power offset between URLLC and eMBB

Note: For SIC receiver, if eMBB transmission ends later than URLLC, the latency performance of URLLC may be impacted if the eMBB is decoded first.
· For eMBB with lower MCS level (QPSK modulation)

· Two sources (source 1/8) observed  up to 0.5dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#0 or 2 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC (source 1) or MMSE (source 8)  receiver is used at the gNB and 0dB power offset. 

· One source (source 1) observed the loss can be negligible, if MMSE-SIC receiver (eMBB and URLLC are decoded with two hypothesis)  is used assuming case-1 DMRS between eMBB and URLLC.

· One source (source 8) observed 0.3dB~2dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#6 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE receiver is used at the gNB and 0dB power offset.

· For eMBB with higher MCS level (16QAM or 64QAM)

· OneThree source (source 1/13/19) observed 0.91dB~1.6dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#10, 12, 14 or 23 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC receiver (source 1/19), or MMSE receiver (source 13) is used at the gNB and 0dB power offset. Another source (source 4) observed 8dB loss. One source (source 19) observed 2.5dB loss for eMBB when URLLC has 3dB higher power than eMBB. One source (source 19) observed eMBB error floor, (i.e. 10-1 BLER cannot be reached) when eMBB using MCS#12 has a full bandwidth collision with URLLC using MCS#3 during 2 OFDM symbols. 
· One Two source (source 1/13) observed that the loss can be reduced to 0.2~0.3dB, if MMSE-SIC receiver is used at the gNB (eMBB and URLLC are decoded with two hypothesis), assuming case-1 DMRS between eMBB and URLLC.
Agreed
Capture additional link level simulation results in TR38.824 section 7.1 “performance evaluation”
Comparison of required SNR for single URLLC transmission with 10-4 BLER target
	
	Required SNR for URLLC 10-4 BLER
(URLLC only, baseline)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (0dB power offset)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (3dB power offset)
	Key Assumptions

	Source 13: CATT

(R1-1902006)


	-4dB 
	-2dB
(2dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)

eMBB MCS#10 (340/1024,16QAM)

MMSE receiver

Case-1 DMRS assumption

	Source 13: CATT

(R1-1902006)


	-4dB
	1.7dB
(5.7dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)

eMBB MCS#10 (340/1024,16QAM)

MMSE receiver

Case-2 DMRS assumption

	Source 13: CATT

(R1-1902006)


	-4dB
	-2.2dB
(1.8 dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)

eMBB MCS#10 (340/1024,16QAM)

MMSE-SIC receiver (CRC-based hard IC)
Case-1 DMRS assumption

	Source 19:
LG

(R1-1903243)
	-7.2dB 
	-5.7dB
(1.5dB loss)
	-6.5dB
(0.7dB loss)
	URLLC MCS #3 (64/1024, QPSK)
eMBB MCS#12 of existing 64QAM table
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 19:

LG

(R1-1903243)
	1.3dB
	Error floor
	Error floor
	URLLC MCS #10 (308/1024, QPSK)
eMBB MCS#12 of existing 64QAM table
MMSE-IRC receiver
Case-2 DMRS assumption


Comparison of required SNR for single eMBB transmission with 10-1 BLER target

	
	Required SNR for eMBB 10-1 BLER
(eMBB only, baseline)
	Required SNR for eMBB 10-1 BLER when colliding with URLLC (0dB power offset)
	Required SNR for eMBB 10-1 BLER when colliding with URLLC (3dB power boost)
	Key Assumptions

	Source 13: CATT

(R1-1902006)


	0.9dB
	1.9dB

(1dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)

eMBB MCS#10 (340/1024,16QAM)

MMSE receiver

Case-1 DMRS assumption

	Source 13: CATT

(R1-1902006)


	0.9dB
	2dB

(1.1dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)

eMBB MCS#10 (340/1024,16QAM)

MMSE receiver

Case-2 DMRS assumption

	Source 13: CATT

(R1-1902006)


	0.9dB
	1.1dB

(0.2dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)

eMBB MCS#10 (340/1024,16QAM)

MMSE-SIC receiver (CRC-based hard IC)
Case-1 DMRS assumption

	Source 19:

LG

(R1-1903243)
	2.5dB
	3.4 dB (0.9 dB loss)
	5dB (2.5 dB loss)
	URLLC MCS #10 (308/1024, QPSK)
eMBB MCS#12 of existing 64QAM table
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 19:

LG

(R1-1903243)
	2.5dB
	Error floor
	Error floor
	URLLC MCS #3 (64/1024, QPSK)
eMBB MCS#12 of existing 64QAM table
MMSE-IRC receiver
Case-2 DMRS assumption
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2.3.2 System level simulations

Proposed observations from system level simulations:
· From URLLC perspective,

· Comparing enhanced schemes with Rel-15 baseline scheme
· Two sources (source 5/10) show better URLLC performance  (URLLC capacity or percentage of URLLC UEs satisfying the requirement) in UMa scenario for UL cancelation scheme, compared to a Rel-15 baseline scheme using semi-static power setting of eMBB and URLLC. One source (source 10) shows degraded URLLC performance (percentage of URLLC UEs satisfying the requirement) in InH scenario for UL cancelation scheme, compared to a Rel-15 baseline case where URLLC has 8dB higher power than eMBB using semi-static power setting. 
· One source(source 6) show better URLLC performance  (URLLC capacity or percentage of URLLC UEs satisfying the requirement) for enhanced schemes, compared to a Rel-15 baseline scheme using orthogonal scheduling of eMBB and URLLC in UMa scenario. One source (source 1) shows almost the same URLLC performance for enhanced schemes compared to a Rel-15 baseline scheme using orthogonal scheduling of eMBB and URLL in UMa scenario. The enhanced schemes include UL cancelation and enhanced dynamic power control. 
· Two sources (source 9/10) show that 100% URLLC UE satisfying the requirement can only be achieved when the URLLC traffic load is low and the colliding eMBB transmission power is 5dB or 8dB lower than URLLC using semi-static power setting, while for higher URLLC traffic loads, source 9 shows that it is not possible to reach the URLLC performance requirement without removing the colliding eMBB transmission. 
· One source (source 7) shows better URLLC performance for enhanced schemes, compared to a Rel-15 baseline using orthogonal scheduling of eMBB and URLLC. The percentage of packets satisfying reliability and latency requirements is used as the URLLC performance metric, which is different from the agreed URLLC performance metric option 1 or option 2. 
· Comparing UL cancelation scheme and enhanced power control scheme

· Two sources (source 5/6) show better URLLC performance (URLLC capacity or percentage of URLLC UEs satisfying the requirement) for UL cancelation scheme than enhanced dynamic power control scheme. The URLLC performance metric include throughput or percentage of URLLC UEs fulfilling the requirement.
· Two sources (source 1/8) shows almost the same URLLC performance (percentage of URLLC UEs satisfying the requirement) between UL cancelation scheme and enhanced dynamic UL power control scheme
· One source (source 7) shows almost the same URLLC performance between UL cancelation scheme and enhanced dynamic UL power control scheme. The percentage of packets satisfying reliability and latency requirements is used as the URLLC performance metric, which is different from the agreed URLLC performance metric option 1 or option 2.
· From eMBB perspective,
· Comparing enhanced schemes with Rel-15 baseline scheme,
· Two sources (source 1/6/10) show degraded eMBB throughput in UMa scenario for UL cancelation, compared to orthogonal scheduling of eMBB and URLLC when TB-level retransmission is used for eMBB.
· One (source 6) shows degraded eMBB throughput in UMa scenario for enhanced dynamic power control, compared to Rel-15 baseline.
· One source (source 10) shows improved eMBB throughput in InH scenario for UL cancelation with CBG-level retransmission, compared to Rel-15 baseline using orthogonal scheduling of eMBB and URLLC, or semi-static power setting.  
· One source (source 10) shows improved eMBB throughput in UMa scenario for UL cancelation with CBG-level retransmission, compared to semi-static power setting.
· Comparing UL cancelation scheme and enhanced power control scheme
· Two sources (source 1/8) show better eMBB throughput for enhanced dynamic power control, compared to UL cancelation. 
· One source (source 6) shows better eMBB throughput for UL cancelation, compared to enhanced dynamic power control. 
Discussed offline
It was agreed to use the following metric for URLLC

· URLLC metrics as previous agreement

· Option 1: Percentage of users satisfying reliability and latency requirements

· Option 2: URLLC capacity as defined in TR 38.802 with the modification as below:

	-
URLLC capacity and URLLC / eMBB multiplexing capacity

-
Definition: URLLC system capacity is calculated as follows:
-
C(L, R) is the maximum offered cell load under which Y% of URLLC UEs in a cell operate with target link reliability R under L latency bound

-
X = (100 – Y) % is the percentage of UEs in outage

-
A UE in outage is defined as the UE can not meet both latency L and link reliability R bound

-
Companies report their assumption on X (e.g. 5% or 0%) 
- 
Companies report their assumption on the number of eMBB UEs deployed together with the URLLC UEs


In the presented SLS results, three different metrics have been used.

· Metric#1: Percentage of users satisfying reliability and latency requirements (agreed option 1)
· Used by: Qualcomm, ZTE, Samsung, Nokia (outage), Intel, Huawei
· Metric#2: URLLC capacity (agreed option 2)
· Used by: Qualcomm

· Metric#3: Percentage of packets satisfying reliability and latency requirements

· Used by: MTK
In both metric#1 and #2, a sufficient number of URLLC packet shall be generated per URLLC user, for example, at least 105 packets in case of reliability target 10-5.
· Number of generated packets per URLLC user in the simulation to be provided by companies and captured in the SLS table
Proposal: 

Capture the following system level evaluation results in TR38.824 section 7.1 “performance evaluation” 
	Source
	Simulated cases/schemes
	URLLC performance 
	eMBB performance
	Resource utilization
	Simulated scenario and key assumptions
	Observations

	Source 1

(Huawei R1-1901561)
	Case 1: Orthogonal scheduling (Rel-15 baseline)
eMBB 4OS, URLLC 4OS
	Ratio of  URLLC users fulfilling URLLC requirements
=0.70202
	1.7867 bps/Hz
	URLLC RU =0.034
	R15 enabled use case, Urban macro with 500m ISD
40MHz BW@ 4GHz, 30 kHz SCS
URLLC: Low URLLC traffic arriving rate, FTP model 3 with 120 p/s arrival rate, 32Bytes
URLLC target: 1ms, 99.999%
eMBB: Full buffer

No retransmissions
BS receiver: MMSE
Number of generated packets per URLLC user in the simulation is  
	No evident gain for UL cancelation  

	
	Case 2
UL cancelation for Embb
eMBB 12OS

URLLC 4OS
	Ratio of  URLLC users fulfilling URLLC requirements
=0.71728
	1.6939 bps/Hz
	URLLC RU=0.033
	
	

	
	Case 3
Dynamic URLLC power boosting

eMBB 12OS

URLLC 4OS
	Ratio of  URLLC users fulfilling URLLC requirements
=0.70000
	1.7959bps/Hz 
	URLLC RU=0.033
	
	

	Source 5 (Qualcomm
R1-1903008)

	Case 1
UL cancelation for eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
16.13Mbps for 20MHz BW
5.38Mbps for 10MHz BW
1.08Mbps for 5MHz BW
	N/A
	URLLC RU
63.9% for 20MHz BW
41.7% for 10MHz BW
17.3% for 5MHz BW
	Macro with 200m ISD
20MHz /10MHz/5MHz@2GHz
30KHz/NCP

Retransmission: IR
Target URLLC requirement : 1e-5 with 1ms latency bound
URLLC traffic arrival: Poisson with 32-byte packets (FTP3), swept over a wide range to find the largest one that is supported in the network

eMBB: full buffer
BS receiver: L-MMSE

eMBB 14OS

URLLC 2OS

Number of generated packets per URLLC user in the simulation is 4.5x10^5
	1. Semi-static power control of eMBB UEs significantly degrades the URLLC performance, unless the target received data SNR of eMBB is very low, resulting in significantly degraded eMBB performance.

2. FDM-ing URLLC and eMBB is also not a good idea as the capacity drops super-linearly as the URLLC frequency resources are reduced.

	
	Case 2 
Semi-static power control with 18dB offset between URLLC and eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
15.05Mbps for 20MHz BW
5.38Mbps for 10MHz BW
1.08Mbps for 5MHz BW
	N/A
	URLLC RU
63.8% for 20MHz BW
44.5% for 10MHz BW
18.6%for 5MHz BW
	
	

	
	Case 3: 
Semi-static power control with 12dB offset between URLLC and eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
11.83Mbps for 20MHz BW
4.3Mbps for 10MHz BW
0Mbps for 5MHz BW
	N/A
	URLLC RU
58.8% for 20MHz BW
41.3% for 10MHz BW
0% for 5MHz BW
	
	

	
	Case 4: 
Semi-static power control with 6dB offset between URLLC and eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
5.38Mbps for 20MHz BW
2.15Mbps for 10MHz BW
0Mbps for 5MHz BW
	N/A
	URLLC RU
39.4%for 20MHz BW
28.1% for 10MHz BW
0% for 5MHz BW
	
	

	
	Case 5: 
Semi-static power control with 0dB offset between URLLC and eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
2.15Mbps for 20MHz BW
0Mbps for 10/5MHz BW
	N/A
	URLLC RU
25.4% for 20MHz BW
0% for 10/5MHz BW
	
	

	Source 5 (Qualcomm
R1-1903008)

	Case 1:

UL cancellation for URLLC
	95% of the users satisfying the requirements: URLLC per UE packet arrival rate per second at capacity: 4100 
	N/A
	40MHz BW:

URLLC RU
21% @1500 arrival rate, 24% @1700 arrival rate, and 58% @4100 arrival rate
	R15 enabled use case, Urban macro with 500m ISD, 40MHZ @4GHz and SCS = 30KHz     eMBB traffic: full buffer, BS receiver: MMSE

eMBB 14OS

URLLC 2OS
Number of generated packets per URLLC user in the simulation is around 4.5x10^5
	ULPI gain over TPC ranges from 2.41x to 2.73x.

It is observed that RU for URLLC with ULPI is much less than that of with power control. For example, at the same arrival rate, URLLC’s RU with ULPI is almost half of that with power boosting. This shows ULPI not only benefits URLLC but also eMBB UE, as more resources will be left for eMBB utilization

	
	Case 2:

TPC without power boosting and the same target SNR for both eMBB and URLLC
	95% of the users satisfying the requirements: URLLC per UE packet arrival rate per second at capacity: 1500
	N/A
	40MHz BW:

URLLC RU
43% @1500 arrival rate
	
	

	
	Case 3:
TPC with power boosting; URLLC has 3dB higher target SNR than eMBB
	95% of the users satisfying the requirements: URLLC per UE packet arrival rate per second at capacity: 1700
	N/A
	40MHz BW:

URLLC RU
44% @1700 arrival rate
	
	

	Source 6 
(ZTE, R1-1901772)
	Case 1: 
Rel-15 baseline
	% of URLLC UEs fulfil the latency and reliability requirement =87.14%
	Mean UPT = 0.3143Mbps
5% UPT = 0.0773 Mbps
50% UPT = 0.3288Mbps
95% UPT = 0.5490Mbps

	eMBB RU =0.8092
	Macro with 500m ISD
80% of users are outdoors and 20% of users are indoors 

40MHz @ 4GHz, 30 kHz SCS
1ms (air interface delay)/99.999

eMBB: 

FTP Model 3 with Poisson arrival 
[image: image1.wmf]1800

=
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- Packet size: 50~ 600 bytes Pareto distribution, with shaping parameter alpha = 1.5.

URLLC: 

- Periodic with arrival rate of 1 packet per 2ms

- Packet size: 32bytes

BS receiver: MMSE-IRC
eMBB 14OS

URLLC 4OS

Number of generated packets per URLLC user in the simulation is around 5x10^5
	1. UL cancelation mechanism with resuming and group common signaling has a better performance compared to UL cancelation mechanism with UE-specific rescheduling signaling.
2. UL cancelation mechanism with resuming and group common signaling has a better performance compared to UL power control mechanism.

	
	Case 2:
UL cancelation with UE-specific re-scheduling
	% of URLLC UEs fulfil the latency and reliability requirement =93.81%
	Mean UPT = 0.2258Mbps
5% UPT = 0.0732 Mbps
50% UPT = 0.1857Mbps
95% UPT = 0.4605Mbps
	eMBB RU =0.7465
	
	

	
	Case 3:
UL cancelation with resuming and GC-PDCCH
	% of URLLC UEs fulfil the latency and reliability requirement =95.24%
	Mean UPT = 0.3086Mbps
5% UPT = 0.0762 Mbps
50% UPT = 0.3191Mbps
95% UPT = 0.5352Mbps
	eMBB RU =0.7648
	
	

	
	Case 4:
Dynamic power control for URLLC (+6dB power boosting for URLLC)
	% of URLLC UEs fulfil the latency and reliability requirement =89.05%
	Mean UPT = 0.2900Mbps
5% UPT = 0.0760 Mbps
50% UPT = 0.2722Mbps
95% UPT = 0.5212Mbps
	eMBB RU =0.8141
	
	

	Source 7
(MediaTek, R1-1901826)
	Case 1:
No enhanced scheme
	% of URLLC packets fulfil the latency and reliability requirement =94.42%
Note: The used metric is not aligned with the agreed metric option 1 and 2
	N/A
	> 80% 
	Power distribution
100 MHz @ 4 GHz, 30KHz SCS
URLLC: ftp model 3 with 2ms arrival interval, 100 bytes 

eMBB: ftp model 3 with 1ms arrival interval, 1500 bytes

Retransmisison: Chase combining

URLLC latency requirement: 2ms

BS receiver: MRC
Power control for URLLC: absolute only with TPC steps [-3, -1, 1, 3] dB
Simulation time: 5s
eMBB 14OS

URLLC 4OS

Number of generated packets per URLLC user in the simulation is 2500
	Power control solution achieves better latency performance than PI.

	
	Case 2: 
Dynamic power control for URLLC
	% of URLLC packets fulfil the latency and reliability requirement =99.55%
Note: The used metric is not aligned with the agreed metric option 1 and 2
	N/A
	> 80%
	
	

	
	Case 3:
UL cancelation for eMBB
	% of URLLC packets fulfil the latency and reliability requirement =99.01%
Note: The used metric is not aligned with the agreed metric option 1 and 2
	N/A
	> 80%
	
	

	Source 8
(Samsung, R1-1901284)
	Case 1:
Dynamic power control
	% of URLLC UEs fulfil the latency and reliability requirement  =90.3%
	Average eMBB SE  0.7751 bps/Hz
	52%
	Power distribution, 500m ISD
40MHz BW@4GHz, 30KHz SCS
URLLC: 100 bytes, FTP model 3 with arrival interval 100 ms, 
Generated URLLC packets: 1500 
eMBB: FTP model 3 with 0.5 Mbytes

URLLC requirement: 99.9999%, 2ms latency
BS receiver: MMSE-IRC
eMBB 14OS

URLLC 2OS

Number of generated packets per URLLC user in the simulation is around 1500
	1. Power control shows improved average eMBB spectral efficiency relative to UL cancelation indication by about 15%

2.Power control shows a slightly worse performance than UL cancelation indication by about 2% regarding percentage of UEs satisfying reliability and latency requirements under ideal assumptions for UL cancelation indication.

	
	Case 2:
UL cancelation (ideal) 
	% of URLLC UEs fulfil the latency and reliability requirement  =92.5%
	Average eMBB SE  0.6571  bps/Hz
	52%
	
	

	Source 9
(Nokia, R1-1900931)
	Case 1:
URLLC only, low URLLC load
	URLLC outage = 0
	N/A
	1.5%
	Macro, 500m ISD
10 MHz @ 4GHz, 15KHz 
FTP Model 3 with average arrival interval of 100 ms for each URLLC UE, 32 bytes

Full-buffer for eMBB UEs

Number of URLLC UEs per cell: 10 for low URLLC load, and 300 for high URLLC load

Number of eMBB UEs per cell: 0 (no eMBB interference baseline), 1 (single UE) and 2 (simultaneous MU-MIMO streams)  

Open loop power control with full path-loss compensation for URLLC (α=1), and fractional path-loss compensation for eMBB (α=0.7 or α=1)

BS receiver: MMSE-IRC
eMBB 14OS

URLLC 2OS

Number of generated packets per URLLC user in the simulation is around 5x10^5 for high load and ~1.7x10^4 for low load
	1.Having colliding URLLC and eMBB transmission is only feasible for low URLLC loads with at maximum one co-scheduled eMBB user, when using 5 dB lower Po value for eMBB, and accepting the eMBB performance loss from this.

2. For higher URLLC loads, or if more than one eMBB user is (MU-MIMO) co-scheduled, the URLLC targets are only achieved when not colliding with eMBB.

3.Presented performance results therefore confirm our hypothesis that it is beneficial to avoid eMBB transmission to overlap with URLLC transmissions.

	
	Case 2:
URLLC and 1 eMBB user,
low URLLC load
	URLLC outage = 0 when eMBB α=1, P0=-113;
URLLC outage = 2.5e-5 when eMBB α=1, P0=-108;
URLLC outage = 2.4e-5 when eMBB α=0.7, P0=-78;
	N/A
	100%
	
	

	
	Case 3:
URLLC and 1 eMBB user,
low URLLC load
	URLLC outage = 2.6e-5 when eMBB α=1, P0=-113;
URLLC outage = 2.6e-4 when eMBB α=1, P0=-108;
URLLC outage = 3e-4 when eMBB α=0.7, P0=-78;
	N/A
	100%
	
	

	
	Case 4:
URLLC only, 
High URLLC load
	URLLC outage = 1.2e-5
	N/A
	35%
	
	

	
	Case 5:
URLLC and 1 eMBB user,
High URLLC load
	URLLC outage = 8e-5 when eMBB α=1, P0=-113;
URLLC outage = 2.6e-4 when eMBB α=1, P0=-108;
URLLC outage = 2.3e-4 when eMBB α=0.7, P0=-78;
	N/A
	100%
	
	

	
	Case 6:
URLLC and 2 eMBB user,
High URLLC load
	URLLC outage = 2e-4 when eMBB α=1, P0=-113;
URLLC outage = 1.1e-3 when eMBB α=1, P0=-108;
URLLC outage = 1.2e-3 when eMBB α=0.7, P0=-78;
	N/A
	100%
	
	

	Source 10 (Intel, R1-1902497)
	Case 1
URLLC Only
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 100%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 100%

	N/A

	@ 0.4Mbps URLLC RU = 10.8%,

@1.2Mbps
URLLC RU = 32.3%
	Rel 15 InH 
BS: 4 Rx
UE: 1 Tx,

20MHz, SCS = 30kHz, NCP Resource granularity: 7OS

Link adaptation: URLLC (fixed low MCS), eMBB (LA with outer loop)

Retransmission: TB/CBG-based.

Target URLLC requirement : 1e-4 with 1ms latency bound
URLLC traffic arrival: Poisson with 32-byte packets (FTP3), 10 URLLC UEs

eMBB: full buffer, 2 eMBB UEs

BS receiver: L-MMSE
URLLC: P0 to achieve target SNR = 20 dB, alpha = 0.8. Power boost of 0, 4, 8 dB

eMBB: P0 to achieve target SNR = 20 dB, alpha = 0.8
eMBB 7OS

URLLC 7OS
Number of generated packets per URLLC user in the simulation is
	From URLLC performance perspective, in InH scenario
1. In case of dynamic scheduling, URLLC capacity is worse than URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions
2.Overlapped transmissions with same power control setting drops URLLC performance significantly. 

3. Moderate power boosting (4 dB) restores URLLC performance to similar level as non-overlapped scheduling.

4. High power boosting (8 dB) results in URLLC capacity similar to URLLC-only scenario by overcoming inter-cell interference limitation from full buffer eMBB transmissions

From eMBB performance perspective, in InH scenario
1.Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled

2.Usage of UL cancellation indication together with CBG-based retransmissions provides performance comparable / better than dynamic scheduling with same timescale
3. Overlapped transmissions with same power control setting leads to eMBB performance comparable to dynamic scheduling and UL cancellation

4. Power boosting of URLLC degrades eMBB performance down to the case of cancellation with TB-based retransmissions

	
	Case 2

eMBB only
	N/A
	14.3Mbps
	eMBB full buffer
	
	

	
	Case 3 
No overlap. This case includes 

Case 3-1) dynamic scheduling with same scheduling granularity (both 7 OS), 

Case 3-2) UL cancellation by PI. eMBB transmission is dropped for the overlapping part.
For Case 3-2), eMBB retransmission can be Case 3-2-1) TB-based or Case 3-2-2) CBG-based.

i. 
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 95%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 94%
	Case 3-1) 

@ 0.4Mbps eMBB throughput = 11.8 Mbps
@ 1.2Mbps eMBB throughput = 7.8Mbps
	@ 0.4Mbps URLLC RU = 10.8%,

@1.2Mbps
URLLC RU = 32.3%
	
	

	
	
	
	Case 3-2-1)

@ 0.4Mbps eMBB throughput = 8 Mbps
@ 1.2Mbps eMBB throughput = 3.7 Mbps
	
	
	

	
	
	
	Case 3-2-2)

@ 0.4Mbps eMBB throughput = 12 Mbps
@ 1.2Mbps eMBB throughput = 8.1 Mbps
	
	
	

	
	Case 4: 
Overlap with same power setting
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 75%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 71%
	@ 0.4Mbps eMBB throughput = 11.8 Mbps
@ 1.2Mbps eMBB throughput = 9 Mbps
	@ 0.4Mbps URLLC RU = 10.8%,

@1.2Mbps
URLLC RU = 32.3%
	
	

	
	Case 5: 
Semi-static power control with 4dB offset between eMBB and URLLC
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 96%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 93%
	@ 0.4Mbps eMBB throughput = 10 Mbps
@ 1.2Mbps eMBB throughput = 6 Mbps
	@ 0.4Mbps URLLC RU = 10.8%,

@1.2Mbps
URLLC RU = 32.3%
	
	

	
	Case 6: 
Semi-static power control with 8dB offset between eMBB and URLLC
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 100%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 98%
	@ 0.4Mbps eMBB throughput = 8 Mbps
@ 1.2Mbps eMBB throughput = 3.9 Mbps
	@ 0.4Mbps URLLC RU = 10.8%,

@1.2Mbps
URLLC RU = 32.3%
	
	

	Source 10 (Intel, R1-1902497)
	Case 1
URLLC Only
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 88%
@ 1.0Mbps URLLC load,
Ratio of satisfied URLLC UEs is 77%

	N/A

	@ 0.4Mbps URLLC RU = 6.3%,

@1.0Mbps
URLLC RU = 25.9%
	Rel 15 UMa
BS: 4 Rx
UE: 1 Tx,

40MHz, SCS = 30kHz, NCP Resource granularity: 7OS

Link adaptation: URLLC (fixed low MCS), eMBB (LA with outer loop)

Retransmission: TB/CBG-based.

Target URLLC requirement : 1e-4 with 1ms latency bound
URLLC traffic arrival: Poisson with 32-byte packets (FTP3), 10 URLLC UEs

eMBB: full buffer, 2 eMBB UEs

BS receiver: L-MMSE
URLLC: P0 to achieve target SNR = 20 dB, alpha = 0.8. Power boost of 0, 4, 8 dB

eMBB: P0 to achieve target SNR = 20 dB, alpha = 0.8
eMBB 7OS

URLLC 7OS
Number of generated packets per URLLC user in the simulation is
	From URLLC performance perspective, in UMa scenario 
1. In case of dynamic scheduling, URLLC capacity is worse than in URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions
2. Overlapped transmissions with same power control setting and even with power boosting degrades URLLC performance significantly due to significant power limitation in UMa compared to InH
3. High power boosting (8 dB) only slightly improves URLLC capacity and but still quite inferior to orthogonal URLLC transmission in URLLC-only and No overlap cases.

From eMBB performance perspective, in UMa scenario
1. Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled
2. Dynamic scheduling with same time scale as URLLC provides better performance compared to both PI-based and overlapped transmission.
3. PI with CBG-based retransmissions provide performance better than overlapped transmission with URLLC power boosting and PI with TB-based retransmission, and comparable performance to overlapped transmission with same power setting.
4. Overlapped transmissions leads to eMBB performance improvement compared to PI with TB-based retransmission. 

	
	Case 2

eMBB only
	N/A
	51.8 Mbps
	eMBB full buffer
	
	

	
	Case 3 
No overlap. This case includes 

Case 3-1) dynamic scheduling with same scheduling granularity (both 7 OS), 

Case 3-2) UL cancellation by PI. eMBB transmission is dropped for the overlapping part.
For Case 3-2), eMBB retransmission can be Case 3-2-1) TB-based or Case 3-2-2) CBG-based.

i. 
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 76%
@ 1.0Mbps URLLC load,
Ratio of satisfied URLLC UEs is 67.5%
	Case 3-1) 

@ 0.4Mbps eMBB throughput = 44 Mbps
@ 1.0Mbps eMBB throughput = 35 Mbps
	@ 0.4Mbps

URLLC RU = 6.7%,

@1.0Mbps
URLLC RU = 26.6%
	
	

	
	
	
	Case 3-2-1)

@ 0.4Mbps eMBB throughput = 27 Mbps
@ 1.0Mbps eMBB throughput = 12.5 Mbps
	
	
	

	
	
	
	Case 3-2-2)

@ 0.4Mbps eMBB throughput = 40 Mbps
@ 1.0Mbps eMBB throughput = 28 Mbps
	
	
	

	
	Case 4: 
Overlap with same power setting
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 57%
@ 1.0Mbps URLLC load,
Ratio of satisfied URLLC UEs is 54%
	@ 0.4Mbps eMBB throughput = 39 Mbps
@ 1.0Mbps eMBB throughput = 28 Mbps
	@ 0.4Mbps

URLLC RU = 7.2%,

@1.0Mbps
URLLC RU = 28.7%
	
	

	
	Case 5: 
Semi-static power control with 4dB offset between eMBB and URLLC
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 61.5%
@ 1.0Mbps URLLC load,
Ratio of satisfied URLLC UEs is 59.2%
	@ 0.4Mbps eMBB throughput = 37.5 Mbps
@ 1.0Mbps eMBB throughput =27 Mbps
	@ 0.4Mbps

URLLC RU = 7.1%,

@1.0Mbps
URLLC RU = 28.5%
	
	

	
	Case 6: 
Semi-static power control with 8dB offset between eMBB and URLLC
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 63 %
@ 1.0Mbps URLLC load,
Ratio of satisfied URLLC UEs is 61 %
	@ 0.4Mbps eMBB throughput = 36.8 Mbps
@ 1.0Mbps eMBB throughput = 24.8 Mbps
	@ 0.4Mbps

URLLC RU = 7.1%,

@1.0Mbps
URLLC RU = 28.5%
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2.4 Conclusion
Potential conclusions for the study of UL inter-UE Tx prioritization/multiplexing

Option 1: Recommend UL cancelation scheme to be specified 

Supported by: Qualcomm, LG, Ericsson, Intel, Sequans, China Telecom, ZTE

Option 2: Recommend enhanced UL power control scheme to be specified.

Supported by:

Option 3: Recommend both UL cancelation scheme and enhanced UL power control scheme to be specified.

Supported by: Sony, Nokia, vivo, CMCC, AT&T, LG, OPPO, NTT DOCOMO, Sequans, Panasonic, China Telecom, Orange, ZTE

Option 4: No recommendation

Supported by: 

3 Previous agreements

RAN1#94 Agreements:

· RAN1 to study the potential enhancements for UL inter UE Tx prioritization/multiplexing
· Performance study of the enhanced UL inter UE Tx prioritization/multiplexing mechanisms using Re-15 mechanisms as the performance benchmark
· The use cases and scenarios adopted in L1 enhancements for URLLC are considered for the evaluation of UL inter UE Tx prioritization/multiplexing
· Other factors to be considered such as overhead, capability, etc.

· Study the UE UL cancelation mechanisms, including at least the following aspects

· The potential mechanisms may include UE UL cancelation/pausing indication, UL continuation indication, UL re-scheduling indication

· Physical channel/signal used for the UL cancelation indication 
· UE Processing timeline for the UL cancelation indication

· UE monitoring behaviours for the UL cancelation indication

· UE PDCCH monitoring capability, if the UL cancelation indication is by PDCCH

· Methods to ensure the reliability of the indication for UE UL cancelation
· Study the UL power control enhancements
· Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE
RAN1#94bis Agreements

· For evaluating multiplexing of eMBB and URLLC UEs sharing the same carrier,
· Take FTP model 3 with 0.5 Mb file size or full buffer as the traffic model for eMBB
· Companies describe eMBB UE dropping 

· Evaluate spectral efficiency for eMBB UEs
· Use cases with aperiodic traffics are prioritized for the evaluation of inter-UE multiplexing. Periodic traffic is not precluded for evaluation. 
· A certain ratio(s) of UEs that is not capable of the enhanced schemes can be assumed in the evaluation and company should report the ratio(s). 
· Performance impact to eMBB and URLLC UEs will be studied for inter-UE multiplexing.
· Evaluating URLLC UEs following the agreed performance metric for URLLC UEs in Rel-16

· eMBB UEs and URLLC UEs have the same subcarrier spacing (for evaluation purpose only)
· Potential UL power control enhancements are to be studied further:

· Enhanced dynamic power boost for URLLC UE

· Dynamic change of power control parameters, e.g. P0, alpha without SRI configured

· Enhanced TPC, e.g. increased TPC range, finer granularity

· Currently, the need of URLLC UE power change during one transmission instance is not envisioned

· Study the Enhanced dynamic power boost for URLLC UE, including at least the following aspects

· Feasibility of boosting UE power in power limited or interference limited scenarios

· Physical channel/signal used for the signalling 

· UE Processing timeline for the signalling

· UE monitoring behaviours for the signalling

· UE PDCCH monitoring capability, if the signalling is by PDCCH

· Methods to ensure the reliability of the signalling

· Type of gNB receiver should be reported

· Note:

· Other power control enhancements are not precluded. 

· No change of eMBB UE power control scheme is assumed in this study.
RAN1#95 Agreements

· Use cases

· At least Rel-15 enabled use cases should be assumed for evaluation

· 1ms air interface delay for 32bytes should be evaluated as the baseline.
· Others assumptions (e.g. 1 or 4ms for 200bytes) should be considered, if provided. 
· Evaluation of power distribution should be considered, if provided

· 2ms air interface delay is assumed
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:

100 bytes 
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes

1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:

32 and 200 bytes 
FTP model 3 or periodic with different arrival rates
	


· Traffic model

· eMBB: company can select between the following options

· Full buffer, 2 eMBB UEs per cell

· FTP model 3, 10 eMBB UEs per cell, with medium to high cell load for eMBB traffic.  
· URLLC: 

· For Rel-15 enabled use cases: 10 URLLC UEs per cell
· For power distribution : 10 URLLC UEs per cell

· Metrics

· eMBB: Cell throughput for full buffer traffic; UE perceived throughput for FTP model 3 traffic. 

· URLLC: 

· Company shall report whether maximum URLLC capacity has been reached

· URLLC metrics as previous agreement

· Option 1: Percentage of users satisfying reliability and latency requirements

· Option 2: URLLC capacity as defined in TR 38.802 with the modification as below:

	-
URLLC capacity and URLLC / eMBB multiplexing capacity

-
Definition: URLLC system capacity is calculated as follows:
-
C(L, R) is the maximum offered cell load under which Y% of URLLC UEs in a cell operate with target link reliability R under L latency bound

-
X = (100 – Y) % is the percentage of UEs in outage

-
A UE in outage is defined as the UE can not meet both latency L and link reliability R bound

-
Companies report their assumption on X (e.g. 5% or 0%) 
- 
Companies report their assumption on the number of eMBB UEs deployed together with the URLLC UEs


· Rel-15 processing timeline capability #2 is used for URLLC UEs 

· The following shall be reported

· Resource utilization 

· Number of packets generated per URLLC user in the simulation

· Coupling loss CDFs of URLLC and eMBB UEs 
· Percentage of UEs in outage
· ~5% if re-dropping is not used
· 0% if re-dropping is used
· Company can optionally report

· PDCCH overhead, for example the number of cancelation indications in the simulation. 

· Detailed modelling shall be described, including at least the following

· For UL cancelation indication: UE monitoring periodicity, processing timeline, cancelation with or without resuming

· For power control: exact power control scheme, e.g. semi-static or dynamic power control with details

· Retransmission modelling
RAN1 AdHoc 1901 agreements
Observations:

· For URLLC with low MCS level

· Three sources (source 1/2/3) observed 0.2dB~1dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#0 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#0, assuming MMSE-IRC receiver is used at the gNB and 0dB power offset. 
· Two sources (source 2/3) observed the loss can be reduced to 0.2dB~0.5dB, when URLLC power is 3dB higher than eMBB
· One source (source 1) observed the loss can be negligible if MMSE-SIC receiver is used at the gNB  (eMBB and URLLC are decoded with two hypothesis)  and 0 dB power offset assuming orthogonal DMRS between eMBB and URLLC

· For URLLC with medium MCS level

· Two sources (source 2/3) observed 1.8dB~6dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#6 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#6, assuming MMSE-IRC receiver is used at the gNB. 

· The same two sources observed the loss can be reduced to 0.4dB~2dB, when URLLC power is 3dB higher than eMBB

· For URLLC with higher MCS level

· One source (source 1) observed about 3.2dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#14 and collides with another eMBB PUSCH transmission using MCS#14 or 23 (for the higher SE table), compared to the baseline with URLLC only PUSCH transmission using MCS#14, assuming MMSE receiver is used at the gNB and 0dB power offset.

· The same source observed that when no power offset is applied to the URLLC, if MMSE-SIC receiver is used at the gNB (eMBB and URLLC are decoded with two hypothesis), the loss can be reduced to 0.5dB for the case with URLLC MCS#14 and eMBB MCS#14, assuming orthogonal DMRS between eMBB and URLLC. However, the loss cannot be reduced by MMSE-SIC receiver for the case with URLLC MCS#14 and eMBB MCS#23. 
· One source (source 3) observed URLLC error floor at 10-1~10-2  when URLLC PUSCH uses MCS#10 or 14 and collides with another eMBB PUSCH transmission using 16QAM, compared to the baseline with URLLC only PUSCH transmission using MCS#10 or 14, assuming MMSE-IRC receiver is used at the gNB and 0dB or 3dB power offset between URLLC and eMBB

Note: For SIC receiver, if eMBB transmission ends later than URLLC, the latency performance of URLLC may be impacted if the eMBB is decoded first.
Agreements:

Capture the following link level evaluation results in TR38.824 section 7.1 “performance evaluation”
· Case-1 DMRS assumption: Orthogonal DMRS for the collided users and no interference on DMRS of one UE caused by data from another colliding UE.

· Case-2 DMRS assumption: There is interference on DMRS of one UE caused by data from another colliding UE

Comparison of required SNR for single URLLC transmission with 10-4 BLER target
	
	Required SNR for URLLC 10-4 BLER
(URLLC only, baseline)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (0dB power offset)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (3dB power offset)
	Key Assumptions

	Source 1 (Huawei R1-1901303)
	-10dB 
	-9.8dB
(0.2dB loss)
	N/A
	URLLC MCS#0(30/1024,2)

eMBB MCS#0 (30/1024,2)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-10dB
	-10dB
(0 loss)
	N/A
	URLLC MCS#0(30/1024,2)

eMBB MCS#0 (30/1024,2)

MMSE-SIC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-10dB
	-9.8dB
(0.2dB loss)
	N/A
	URLLC MCS#0 (30/1024,2)

eMBB MCS#0 (120/1024,2)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-10dB
	-10dB
(0 loss)
	N/A
	URLLC MCS#0 (30/1024,2)

eMBB MCS#0 (120/1024,2)

MMSE-SIC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	11dB
(3.2dB loss)
	N/A
	URLLC MCS#14(602/1024,2)

eMBB MCS#14(602/1024,2)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB 
	8.3dB
(0.5dB loss)
	N/A
	URLLC MCS#14(602/1024,2)

eMBB MCS#14(602/1024,2)

MMSE-SIC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	8.3 dB
(0.5dB loss)
	N/A
	URLLC MCS#14(602/1024,2)

eMBB MCS #12 (434/1024,4)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	8.3 dB
(0.5dB loss)
	N/A
	URLLC MCS#14(602/1024,2)

eMBB MCS #12 (434/1024,4)

MMSE-SIC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	11dB
(3.2dB loss)
	N/A
	URLLC MCS#14(602/1024,2)

eMBB MCS #23(772/1024,6)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	11dB
(3.2dB loss)
	N/A
	URLLC MCS#14(602/1024,2)

eMBB MCS #23(772/1024,6)

MMSE-SIC receiver

Case-1 DMRS assumption

	Source 2 (vivo R1-1900131)
	-8.8dB
	-8.3dB
(0.5dB loss)
	-8.6dB
(0.2 dB loss)
	URLLC MCS#0, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 2 (vivo R1-1900131)
	-3.5dB
	-1.7dB
(1.8 dB loss)
	-3.1dB
(0.4 dB loss)
	URLLC MCS#6, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 3 (Ericsson R1-1812161)
	-6.5 dB
	-5.5 dB
(1dB loss)
	-6 dB
(0.5 dB loss)
	URLLC MCS#0, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 3 (Ericsson R1-1812161)
	-1 dB
	5dB

(6dB loss)
	1dB
(2dB loss)
	URLLC MCS#6, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 3 (Ericsson R1-1812161)
	4dB
	Error floor
	Error floor
	URLLC MCS#10, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 3 (Ericsson)
	11dB
	Error floor
	Error floor
	URLLC MCS#14, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption


Observation:

· For eMBB with lower MCS level (QPSK modulation)

· Two sources (source 1/8) observed  up to 0.5dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#0 or 2 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC (source 1) or MMSE (source 8)  receiver is used at the gNB and 0dB power offset. 

· One source (source 1) observed the loss can be negligible, if MMSE-SIC receiver (eMBB and URLLC are decoded with two hypothesis)  is used assuming case-1 DMRS between eMBB and URLLC.

· One source (source 8) observed 0.3dB~2dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#6 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE receiver is used at the gNB and 0dB power offset.

· For eMBB with higher MCS level (16QAM or 64QAM)

· One source (source 1) observed 1dB~1.6dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#12, 14 or 23 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC receiver is used at the gNB and 0dB power offset. Another source (source 4) observed 8dB loss.

· One source (source 1) observed that the loss can be reduced to 0.3dB, if MMSE-SIC receiver is used at the gNB ((eMBB and URLLC are decoded with two hypothesis), assuming case-1 DMRS between eMBB and URLLC.

Agreements:

Capture the following link level evaluation results in TR38.824 section 7.1 “performance evaluation”
Comparison of required SNR for single eMBB transmission with 10-1 BLER target

	
	Required SNR for eMBB 10-1 BLER
(eMBB only, baseline)
	Required SNR for eMBB 10-1 BLER when colliding with URLLC (0dB power offset)
	Key Assumptions

	Source 1 (Huawei R1-1901303)
	-14.4dB
	-14.3dB
(0.1dB loss)
	URLLC MCS#0(30/1024,2)

eMBB MCS#0 (30/1024,2)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-14.4dB
	-14.4dB
(0dB loss)
	URLLC MCS#0(30/1024,2)

eMBB MCS#0 (30/1024,2)

MMSE-SIC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-9.3dB
	-8.8dB

(0.5dB loss)
	URLLC MCS#0 (30/1024,2)

eMBB MCS#0 (120/1024,2)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-9.3dB
	-9.3dB

(0dB loss)
	URLLC MCS#0 (30/1024,2)

eMBB MCS#0 (120/1024,2)

MMSE-SIC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	0dB
	1.6dB
(1.6dB loss)
	URLLC MCS#14(602/1024,2)

eMBB MCS#14(602/1024,2)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	0dB
	0.3dB
(0.3dB loss)
	URLLC MCS#14(602/1024,2)

eMBB MCS#14(602/1024,2)

MMSE-SIC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	2.7dB
	3.2dB

(0.5dB loss)
	URLLC MCS#14(602/1024,2)

eMBB MCS #12 (434/1024,4)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	2.7dB
	3dB

(0.3dB loss)
	URLLC MCS#14(602/1024,2)

eMBB MCS #12 (434/1024,4)

MMSE-SIC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	13dB
	14dB
(1dB loss)
	URLLC MCS#14(602/1024,2)

eMBB MCS #23(772/1024,6)

MMSE-IRC receiver

Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	13dB
	11.5dB
(0.5dB loss)
	URLLC MCS#14(602/1024,2)

eMBB MCS #23(772/1024,6)

MMSE-SIC receiver

Case-1 DMRS assumption

	Source 4 (NTT DOCOMO R1-1813328)
	2dB
	10dB
(8dB loss) (-0.12dB power offset)
	eMBB MCS#12, 14 symbol,

URLLC MCS#7, 2 symbol
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	-3dB
	-3dB
(0dB loss)
	eMBB MCS#2, 14 symbols
eMBB interfered by 1 symbol and 50% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	-3dB
	-3dB
(0dB loss)
	eMBB MCS#2, 14 symbols
eMBB interfered by 2 symbol and 50% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	1.3dB
	1.6dB
(0.3dB loss)
	eMBB MCS#6, 14 symbols
eMBB interfered by 1 symbol and 50% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	1.3dB
	1.9dB
(0.6dB loss)
	eMBB MCS#6, 14 symbols
eMBB interfered by 2 symbol and 50% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	-3dB
	-2.9dB
(0.1dB loss)
	eMBB MCS#2, 14 symbols
eMBB interfered by 1 symbol and 100% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	-3dB
	-2.8dB
(0.2dB loss)
	eMBB MCS#2, 14 symbols
eMBB interfered by 2 symbol and 100% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	1.3dB
	2.1dB
(0.8dB loss)
	eMBB MCS#6, 14 symbols
eMBB interfered by 1 symbol and 100% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	1.3dB
	around 2dB loss
	eMBB MCS#6, 14 symbols
eMBB interfered by 2 symbol and 100% BW
MMSE receiver
Case-2 DMRS assumption


Agreements:

Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.
Aim to downselect the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI)
Agreements:

· Introduce the following TP to the TR:

Enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. The potential enhanced UL power control may include UE determining the power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI, or based on group-common DCI indication. Increased TPC range compared to Rel-15 may also be considered. Power boosting is not applicable to power limited UEs.
4 List of contributions and proposals

	Source
	Contributions

	1
	R1-1901303 UL inter-UE transmission prioritization and multiplexing Huawei, HiSilicon
R1-1901561
UL inter-UE transmission prioritization and multiplexing
Huawei, HiSilicon

	2
	R1-1900131 UL inter UE Tx prioritization for URLLC vivo
R1-1901696
UL inter UE Tx prioritization for URLLC
vivo

	3
	R1-1900165 Inter-UE Prioritization and Multiplexing of  UL Transmissions
Ericsson

R1-1812161 Inter-UE Prioritization and Multiplexing of UL Transmissions, Ericsson

	4
	R1-1900973 UL inter-UE transmission prioritization/multiplexing
NTT DOCOMO, INC.

	
	R1-1813328 UL inter UE transmission multiplexing, NTT DOCOMO, INC

	5
	R1-1901315 UL Inter-UE Tx Multiplexing and Prioritization 
Qualcomm Incorporated
R1-1903008
UL Inter-UE Tx Multiplexing and Prioritization
Qualcomm Incorporated

	6
	R1-1901366 UL inter-UE multiplexing between eMBB and URLLC
ZTE
R1-1901772
UL inter-UE multiplexing between eMBB and URLLC
ZTE

	7
	R1-1900212 Inter-UE uplink Tx prioritization and multiplexing 
MediaTek Inc.
R1-1901826
Uplink inter-UE prioritization and multiplexing
MediaTek Inc.

	8
	R1-1901284 Uplink inter UE multiplexing/prioritization for enhanced URLL Samsung
R1-1902300
Uplink inter UE multiplexing/prioritization for enhanced URLLC
Samsung

	9
	R1-1900931 Solution for UL inter-UE multiplexing between eMBB and URLLC
Nokia, Nokia Shanghai Bell
R1-1901951
Remaining details of UL inter-UE eMBB and URLLC multiplexing
Nokia, Nokia Shanghai Bell

	10
	R1-1902497
On inter-UE UL multiplexing for eURLLC
Intel Corporation

	11
	R1-1902073
Discussion on UL preemption indication
Fujitsu

	12
	R1-1902420
Consideration on UL inter UE Tx prioritization and multiplexing
 OPPO

	13
	R1-1902006
Remaining details on inter-UE UL multiplexing
CATT

	14
	R1-1900351 UL inter-UE Tx prioritization and multiplexing
NEC

	15
	R1-1900352 Multiplexing eMBB over URLLC Resources
TCL Communication Ltd.

	16
	R1-1902180
Considerations on UL Inter-UE Tx Multiplexing
Sony

	17
	R1-1902336
Discussion on UL inter UE Tx prioritization/multiplexing
CMCC

	18
	R1-1901913
On UL Inter UE Tx Prioritization/multipelxing
AT&T

	19
	R1-1903243
Discussion on UL inter UE Tx prioritization
LG Electronics

	20
	R1-1902625
UL inter-UE multiplexing between eMBB and URLLC
China Telecommunications

	21
	R1-1902838
Views on pre-emption for UL inter UE Tx multiplexing
Mitsubishi Electric Co.

	22
	R1-1902521
On NR URLLC UL inter UE Tx prioritization/multiplexing
Panasonic

	23
	R1-1902129
Considerations on UL inter-UE multiplexing for URLLC
Sequans Communications

	24
	R1-1902444
UL inter UE Tx prioritization/multiplexing
ETRI

	25
	R1-1902765
Considerations on URLLC UL Inter UE Tx prioritization/multiplexing
Apple Inc.

	26
	R1-1902610
Potential enhancements for UL inter-UE multiplexing 
InterDigital, Inc.

	27
	R1-1902750
Discussion on power control mechanism for UL inter UE Tx multiplexing
ASUSTEK COMPUTER (SHANGHAI)

	28
	R1-1902846
UL inter UE Tx prioritization/multiplexing for URLLC operation
Motorola Mobility, Lenovo

	29
	R1-1902875
On UL inter-UE multiplexing for NR URLLC
WILUS Inc.

	30
	R1-1902879
Discussion on UL Inter UE Tx multiplexing
III

	31
	R1-1903052
Considerations on UL inter UE Tx multiplexing
KT Corp.


	R1-1901561
UL inter-UE transmission prioritization and multiplexing
  Huawei, HiSilicon

	Proposal 1: In order to support inter UE multiplexing between eMBB and URLLC, an enhanced power control mechanism for the URLLC UE shall be supported, e.g.

· Dynamic indication of power control parameters

· Enhanced TPC signaling

Observation 1: The potential use cases for UL PI are very limited but its standardization effort and impact on UE the complexity can be severe.

· The eMBB UL PI would not work if there are legacy UEs in the network

· The eMBB UL PI would not work for most of TDD cases

· The eMBB UL PI would not work for aperiodic URLLC traffic with high data rates

· The eMBB UL PI would not work when URLLC is sent on GF resources

· Highly reliable signaling needs to be defined which can induce a high UE complexity and specification impact.
· The UE processing timeline might be impacted.
Table 2 The URLLC capacity and eMBB throughput of UL PI and TPC for latency 1ms and URLLC packet arrival rate 120/s for SCS 30 kHz
URLLC ratio
eMBB THP(bps/Hz)
RU URLLC
Orthogonal scheduling

0.70202

1.7867

0.034
UL PI

0.71728

1.6939

0.033
TPC
0.70000

1.7959

0.033
Proposal 2: UL PI should not be supported in Rel-16.
· Case 1: There is only URLLC user in the link.

· Case 2: The eMBB and URLLC users are multiplexed and the receiver type is MMSE-IRC.
· Case 3: The eMBB and URLLC users are multiplexed and the receiver type is MMSE-SIC.
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Figure 1 Performance of URLLC Tx and which multiplexed with eMBB Tx with low MCS for both URLLC (2,30/1024) and eMBB (2,120/1024)
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Figure 2 Performance of URLLC Tx and which multiplexed with eMBB Tx with high MCS (2,602/1024) for both URLLC and eMBB 
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Figure 3 Performance of in power control multiplexing scheme with high MCS for both URLLC (2,602/1024) and eMBB (4,434/1024)

Observation 2: Power control scheme can improve the URLLC performance, without much impact on the eMBB UE. This is the case for both low and high MCS scenarios.
Observation 3: If eMBB/URLLC multiplexing on overlapping is performed, and URLLC operates in power limited conditions, its performance can be secured with advanced receivers (SIC) and proper MCS selection.  
Proposal 3: UL inter UE multiplexing between grant based eMBB and grant free URLLC on shared resource shall be supported.
· Dynamic power control mechanisms can be applied for the URLLC UE(s)
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Figure 7 CDF of UE Coupling loss in SLS
Table 5. Target use case

Use case
(Clause #)

Reliability (%)

Latency (ms)

Data packet size  and traffic model

 R15 enabled use case (e.g.: AR/VR) 
99.999
1 ms air interface latency
UL:

32 bytes
ftp model 3 with arrival interval 120 packets per second


	R1-1901597
Inter-UE Prioritization and Multiplexing of  UL Transmissions
Ericsson

	 Proposal 1
In Rel-16, consider supporting dynamic inter-UE multiplexing for UL transmissions with different latency requirements by indicating to suspend UL transmissions that are ongoing or planned for transmission to make available resources for latency critical UL traffic.
Proposal 2
Use PDCCH to indicate UL pre-emption
Proposal 3
In Rel-16, consider group-common signalling for UL pre-emption indication
Proposal 4
Study the appropriate monitoring periodicity of group-common signalling for indicating UL pre-emption
Proposal 5
In Rel-16, consider the following options as baseline candidates for the design of group common signaling for UL pre-emption:
i.
Option 1: UL pre-emption indication based on DCI format 2_0 (dynamic SFI)
ii.
Option 2: UL pre-emption indication design similar to DCI format 2_1 (Group common DL pre-emption indication)
Proposal 6
Further study whether the UE simply stops or stops and resumes a UL transmission that is indicated to be pre-empted based on its capability
Proposal 7
In Rel-16, support new UE capability with shorter processing time than Rel-15.



	R1-1901696
UL inter UE Tx prioritization for URLLC
vivo

	Observation 1: In order to achieve the performance gain for URLLC PUSCH by canceling the interference from eMBB PUSCH with MMSE-SIC receiver, the latency of URLLC transmission may be increased.
Observation 2: PDCCH carrying UL cancellation indication has less standardization impact than introducing a new DL signal for UL cancellation indication.
Proposal 1: Support both UL cancellation and enhanced UL power boosting as complementary solutions for inter-UE multiplexing in Rel-16.
Proposal 2: Group common DCI can be used for UL cancelation indication.
· gNB should ensure sufficient processing time for the UE with maximum TA in the group that monitor the UL cancellation indication UL cancellation indication.

· Cancellation indication for each UE separately provided in the group common DCI can be considered.

Proposal 3: UE-specific DCI for UL cancelation may also be considered, by following options

· Option 1: UE-specific DCI to indicate the preempted resources to enable cancellation.

· Option 2: UE-specific DCI to indicate cancellation and to re-schedule a new resource allocation for 
the preempted eMBB PUSCH.
Proposal 4: For eMBB UEs supporting UL cancellation, minimum UL cancellation time needs to be specified, e.g. as N3, where N3 is less than N2 in Rel-15 UE processing time Capability #2.
· N3 could be a new UE capability.

Proposal 5: For UL cancellation for eMBB UE, impact of minimum UL cancelation time and TA should be taken into account.

Proposal 6: Upon receiving the UL cancellation indication, UE cancellation behaviors need to be specified.
· When UL cancellation indication is received before a transmission and cancellation timeline can be met, UE cancels the eMBB PUSCH and does not resume the eMBB transmission after the overlapping part.

· When UL cancellation UL cancellation indication is received during a transmission, UE may pause eMBB transmission and drop remaining part if cancellation timeline is met.
Proposal 7: For eMBB UE supporting UL cancellation, UE can be configured with slot-level or mini-slot level monitoring for UL cancellation indication monitoring.
· For mini-slot level monitoring, monitoring occasion and number for blind decoding for UL cancellation indication, should be configurable.
· Note that mini-slot level monitoring is configured for UL cancellation indication monitoring
Proposal 8: An enhanced PDCCH monitoring capability is needed to be defined for eMBB UE.
· At least an enhanced PDCCH monitoring capability in terms of number of CCEs should be defined.
Proposal 9: Supporting UL cancellation indication is an optional UE feature.
Proposal 10: UL cancellation indication with small payload size is needed.

Proposal 11: Low coding rate or higher aggregation level for UL cancellation indication can be considered to enhance the reliability, if needed.

Proposal 12: Upon receiving UL cancellation indication, UE determines the starting position of cancelled time resources based on following options
· Option 1: an offset relative to the timing of UL cancellation indication 

· Option 2: an offset relative to the timing of reference time region which can be configured by RRC

Proposal 13: The ending position of cancelled time resources can be explicitly indicated by gNB or implicitly determined by UE.

Proposal 14: The cancelled frequency resources can be explicitly indicated by gNB or implicitly determined by UE.

Proposal 15: For the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE, power control for eMBB UE can be considered. 

· Enhancement for grant-free transmission can also be considered and will be discussed in configured grant section.

	R1-1901772
UL inter-UE multiplexing between eMBB and URLLC
ZTE

	Observation 1: Supporting UL inter-UE multiplexing is very important for both ‘case 1: grant-based URLLC + grant-based eMBB’ and ‘case 2: grant-free URLLC + grant-based eMBB’. A unified solution applicable to both cases is desirable. 

Observation 2: Using UE-specific signaling to avoid collision between eMBB and URLLC may raise PDCCH blocking problems.
Proposal 1: Support group-common DCI for UL cancelation indication.
Proposal 2: For improving resource efficiency, cancelation with resuming  eMBB transmission in the remaining symbols should be supported under the condition that the gap preempted by URLLC transmission is no larger than 6 symbols at 15kHz SCS or 12 symbols at 30kHz SCS.

Proposal 3: For UL inter-UE multiplexing between grant-based eMBB and grant-free URLLC, the upcoming but not-yet-started URLLC transmission on one grant free resource can be canceled if another candidate grant-free resource which is not scheduled for eMBB can be found. Resuming of the URLLC transmission on the candidate grant-free resource should be supported.

Proposal 4: 

· For UL inter-UEs multiplexing between grant-based URLLC and grant-based eMBB, monitoring occasions of UL cancelation indication for eMBB UEs are aligned with monitoring occasions for URLLC PDCCH; 

· For UL inter-UEs multiplexing between grant-free URLLC and grant-based eMBB, monitoring occasions of UL cancelation indication for URLLC UEs are aligned with monitoring occasions for eMBB PDCCH. 

Observation 3: A serious impact to both UL inter-UE multiplexing cases will be raised by a coarse granularity of frequency cancelation indication.

Proposal 5: Comparing to DL PI, a finer frequency domain indication granularity should be supported in UL cancelation indication.
Observation 4: There are various limitation on the application of UL power control mechanism. 
Proposal 6: Consider UL power control mechanism as a supplement of UL cancelation mechanism in the case of UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB.
Observation 7: A combination mechanism of UL power control and UL cancelation provides a further flexibility on grant-free resource selection comparing with UL power control mechanism. 

Proposal 7: NR should support a combination mechanism of UL power control and UL cancelation in case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB.
Table-1: UE Perceived throughput(UPT) and resource utilization of eMBB transmission

Mean UPT

(Mbps)

5% UPT

(Mbps)

50% UPT

(Mbps)

95% UPT

(Mbps)

Resource 

Utilization
No mechanism
0.3143

0.0773

0.3288

0.5490

0.8092

UL cancelation with UE-specific rescheduling signaling
0.2258

0.0732

0.1857

0.4605

0.7465
UL cancelation with resuming and group common signaling
0.3086
0.0762
0.3191
0.5352
0.7648
UL power control
0.2900
0.0760
0.2722
0.5212
0.8141
Table-2: Percentage of UEs satisfying reliability and latency requirements for URLLC transmission

Percentage (%)
No mechanism
87.14%

UL cancelation with UE-specific rescheduling signaling
93.81%

UL cancelation with resuming and group common signaling
95.24%
UL power control
89.05%

Observation 8: For multiplexing case 1, UL cancelation mechanism with resuming and group common signaling has a better performance compared to UL cancelation mechanism with UE-specific rescheduling signaling. 

Observation 9: For multiplexing case 1, UL cancelation mechanism with resuming and group common signaling has a better performance compared to UL power control mechanism. 
Proposal 8: NR should support UL cancelation mechanism with resuming and group common signaling in case of UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB. 
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Figure-9: The CDF of coupling loss of the eMBB and URLLC UEs



	R1-1901826
Uplink inter-UE prioritization and multiplexing
MediaTek Inc.

	Observation 1: UL dynamic multiplexing methods are not useful with periodic URLLC traffic.
Observation 2: UL dynamic multiplexing is not needed to satisfy 2ms URLLC latency requirement for all SCS configurations.

Observation 3: UL dynamic multiplexing is not needed to satisfy 1ms URLLC latency requirement for all 30 KHz and 60 KHz SCS configurations. 

Observation 4: Re-scheduling eMBB PUSCH based on Rel-15 processing times can improve latency performance below 1ms for most SCS scenarios.
Proposal 1: Re-scheduling an eMBB PUSCH should be supported with minor specification changes. Some DCI fields can be set to a special value for validation. 
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Figure 3: CDF of URLLC and eMBB SINR (in terms of per-PUSCH and final SINR after HARQ soft-combining).
Observation 6: Power boost and Preemption indication schemes achieve similar SINR performance at the gNB receiver.
[image: image8.png]1.0

— No scheme

— Pl
08— power control
0.6 -
0.4
0.2

H —

T —T —8 -6 -2 -2

latency [ms]





Figure 5: CDF of URLLC and eMBB latency 
Table 5 Percentile of URLLC packets that cannot meet 2ms air interface latency requirement

No scheme

Power control

Preemption indication

Percentage of URLLC packets with  >2ms latency

5.58176 %

0.45137 %

0.98280 %

Observation 7: Power control solution achieves better latency performance than PI.
Table 6 URLLC throughput and packet error rate (simulation time = 5 seconds)

No scheme

Preemption indication

Power control

Throughput (packet/sec)

4894

4932.2

4952.2

Packet error rate [%]

0

0

0
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Figure 6: Percentage of occupied resources over time (left) and distribution of occupied resource ratio (right)


	R1-1901913
On UL Inter UE Tx Prioritization/multipelxing
AT&T

	· Preferred Signaling Mechanism:  In UL cancellation, the network can indicate to the UE to cancel the UL transmission. The signaling can be either PDCCH based or a new sequence based technique. In our view we can reuse the PDCCH based design as we already have few DCI formats, for example similar to DCI format 2-1 can be used to indicate to the UE to cancel the existing transmission.  In our view, it should be UE

·  Group common or UE specific PDCCH? :  In our view, UE specific PDCCH is beneficial as it will impact only specific UE transmission rather than all the UEs monitoring group common PDCCH. This in turn reduce the potential loss in throughout.

·  Number of DCI formats for monitoring:  In Release 15, the UE needs to monitor up to 4 DCI formats for potential PDSCH/PUSCH transmission. With UL cancellation mechanism , we envision, we need to enhance the monitoring capabilities of the UE 
· Resuming the Transmission:  After cancellation, we prefer to resume the transmission.  

	R1-1901951
Remaining details of UL inter-UE eMBB and URLLC multiplexing
Nokia, Nokia Shanghai Bell

	· Proposal 1: UEs configured to monitor for uplink preemption indications, may only monitor for such signaling during the time from receiving the UL grant until the end of the PUSCH transmission.

· Proposal 2: In addition to indicating the PUSCH suspend, the uplink preemption indication message can also indicate the duration of the suspend / start of resume operation. 

· Observation: Sequence based indication of dynamic uplink preemption requires higher specification effort, has limited flexibility for the network to indicate the exact timing of suspend and does not easily support resume indication. 
· Proposal 3: Use group common DCI to carry UL pre-emption indication, including both suspend and resume information of the eMBB PUSCH transmission. To reduce the UE complexity for uplink preemption indication monitoring, the PDCCH carrying this information may be configured with a reduced number of candidates (i.e. reduced search space).

· Proposal 4: The UE should be able to perform a scheduled re-transmission of the HARQ process starting before the end of the initially scheduled PUSCH if the GC-DCI indicated eMBB PUSCH suspend only. 

	R1-1902006
Remaining details on inter-UE UL multiplexing
CATT

	·  Observation: UL interruption signaling mechanism is mainly applicable to a collision of grant-based PUSCH from both URLLC and non-URLLC UEs.
· Observation: a non-URLLC UE configured to monitor for UL INT indication must be able to process the UL INT channel (or signal) at least as fast as the PUSCH preparation time for the URLLC UE.
· Observation: for an ongoing PUSCH transmission by a first UE, the total processing time between the first UE receiving an UL INT indication and the start of the PUSCH transmission at a second UE should include the power ramp down time at the first UE.
· Observation: to enable dynamic UL interruption indication to a non-URLLC UE, the UE must be capable of mini-slot-based PDCCH monitoring (Case 2).
· Observation: UL interruption can be achieved by transmitting a subsequent PDCCH re-scheduling a PUSCH transmission.
· Observation: UE stop and resume PUSCH immediately may cause PUSCH across slot boundary issues.
· Observation: dynamic power boosting for a URLLC UE multiplexed in the same set of physical resources as a non-URLLC UE is limited to the set of UEs with sufficient headroom.

· Observation: an alternative solution for multiplexing two users on the same resources is MU-MIMO, which may not need Rel-16 enhancements.
Table 1: Multiplexing scenarios for eMBB and URLLC 
URLLC user 
eMBB user
Remarks
Transmission format 
Case 1: S = 3, L = 4, DMRS position = 3
Case 1: S = 0, L = 14, DMRS position = (3, 11)
S denotes starting symbol.
L denotes the PUSCH duration.
Case 2: S = 8, L = 4, DMRS position = 8
Case 2: S = 0, L = 14, DMRS position = (3, 11)
Case 3: S = 3, L = 4, DMRS position = 3

Case 3: S = 3, L = 4, DMRS position = 3
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Figure 2: The evaluation results for case 1, MMSE
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Figure 3: The evaluation results for case 2, MMSE
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Figure 4: The evaluation results for case 3, MMSE-SIC
· Observation: the performance loss experienced by URLLC due to eMBB interference would be about 2dB at BLER = 10-4 if power boosting is not applied and no orthogonal DMRS is possible for eMBB and URLLC. The loss significantly increases when there is data-to-DMRS interference. 
· Observation: a very low code rate or alternatively power boosting where applicable may be needed to mitigate the impact of eMBB interference on URLLC.
In addition we propose that 

· Proposal 1: a Rel-16 UE not supporting URLLC is not expected to support an increased number of monitored PDCCH candidates or non-overlapped CCEs over the Rel-15 limits.
· Proposal 2: for further study of UL interruption indication, consider methods to reduce PDCCH overhead through efficient scheduling of DL assignments/UL grants and UL interruption indication.



	R1-1903243
Discussion on UL inter UE Tx prioritization
LG Electronics

	Proposal 1: For various URLLC service, support both UL cancelation indication and URLLC power control scheme for inter-UE UL resource sharing

· At least up to traffic requirement, One or both of schemes can be used selectively

· FFS: the detail of how to utilize both schemes
Proposal 2: Upon receiving a puncturing indication on a resource, 

· For PRACH/SRS

· Drop entire transmission

· For PUCCH/PUSCH

· Further consider dropping overlapping OFDM symbols only as long as puncturing is not overlapping with DM-RS. If puncturing overlaps with DM-RS resource, drop the entire transmission. 

Proposal 3: The reference frequency location of UL PI is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 

Proposal 4: For grant-free UL transmission, it is necessary to investigate how to apply UL multiplexing mechanisms being discussed for grant-based UL transmission.
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Fig 1. URLLC BLER Performance (2 OFDM symbol)

MCS
Required SNR for URLLC 10-4 BLER
(URLLC only, baseline)
Required SNR for URLLC 10-4 BLER when colliding with eMBB (no power difference)
Required SNR for URLLC 10-4 BLER when colliding with eMBB (3dB power boost on URLLC)
(2, 64/1024)

-7.2dB 
-5.7dB
(1.5dB loss)
-6.5dB
(0.7dB loss)
(2, 308/1024)

1.3dB
Error floor
Error floor
Table 1. Require SNR differences of URLLC according to eMBB power (2 OS URLLC)

Observation 1: URLLC transmission with MCS3 (2, 64/1024) would have about 1.5 dB performance degradation where eMBB transmission is overlapped with same power

Observation 2: URLLC transmission with MCS3 (2, 64/1024) would have about 0.7 dB performance degradation where eMBB transmission is overlapped with 3dB offset
Observation 3: URLLC transmission with MCS10 (2, 308/1024) wouldn’t satisfy 10-5 reliability where eMBB transmission is overlapped with up to 3dB offset
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Fig 2. eMBB BLER Performance with different URLLC TTIs
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Fig 3. eMBB BLER Performance with different URLLC MCSs and power boost

URLLC MCS
Required SNR for eMBB 10-1 BLER when colliding with URLLC (No power difference)
Required SNR for eMBB 10-1 BLER when colliding with URLLC (3dB power boost)
MCS 3 (2, 64/1024)
3.5 dB
5dB
MCS 10 (2, 308/1024)
Error floor

Error floor
Table 2. Require SNR differences of eMBB according to URLLC power (2 OS URLLC)
Observation 4: eMBB transmission with MCS12 (4, 434/1024) wouldn’t satisfy 10-1 reliability when URLLC occupies whole resource block during 2 OFDM symbols.

Observation 5: eMBB BLER performance is highly degraded when overlapped URLLC power is boosted. 

	R1-1902073
Discussion on UL preemption indication
Fujitsu

	Observation 1. The time 
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 of the URLLC UE processing UL grant and preparing for the PUSCH transmission, i.e., 
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Observation 2. 

· eMBB UEs don’t need to always monitor UL PI;

· eMBB UEs only need to monitor UL PI when there is a dynamically/configured granted UL transmission.

Proposal 1. Support non-slot level monitoring of the UL preemption indication for eMBB UEs.

Proposal 2. The time period for monitoring UL PI should be clarified/defined. Further study is necessary.
Proposal 3. Support group-common UL PI to reduce the signaling overhead.
Proposal 4. Higher aggregation level and coarser granularity can be considered to enhance the reliability of the UL PI.

	R1-1902129
Considerations on UL inter-UE multiplexing for URLLC
 Sequans Communications

	Proposal 1: it is proposed for the power control option to study the feasibility of power and repetition joint control.
Proposal 2: it can be considered for the UL PI to be in the format of bitmap generated with dynamically assigned IDs which are relative indices of scheduled UEs who need to monitor the UL PI.
Proposal 3: it is proposed to limit the number of ALs of the DCI carrying the UL PI to one. 

Observation 1: with the proposed Combined Indication, the PDCCH overhead of the UP PI can be dramatically reduced. 
Proposal 4: it is proposed to introduce pre-emption indication in the case of multiplexing of eMBB and URLLC UEs in UL and following options can be considered: 

A) A group common DCI can be considered for the UL PI

B) An eMBB UE is addressed by a cancelation ID which is dynamically assigned by the UL Grant message

C) A combined indication of cancelation and continuation can be used for the UL PI, UEs with good channel quality interpret it as cancelation indication and UEs with bad channel quality interpret it as continuation indication. 

D) The channel quality is implicitly indicated with the AL of the DCI which scheduled the PUSCH.  

	R1-1902180
Considerations on UL Inter-UE Tx Multiplexing
Sony

	Observation 1: The faster the UL PI processing time relative to PUSCH preparation time N2, the longer the UL PI monitoring is required for the eMBB UE and this would reduce the complexity require for UL PI monitoring.

Observation 2: A sequence based UL PI can be detected in a fraction of a symbol, which is much faster than blind decoding of PDCCH based UL PI.

Observation 3: A sequence based UL PI is far more reliable than a PDCCH based UL PI.

Observation 4: A sequence based UL PI will not increase the PDCCH blind decoding rate of the eMBB UE.

Observation 5: Pre-emption indicator targeting a group of UEs (e.g. carried by a GC-DCI) can lead to “ghost pre-emption” where a victim eMBB UE is wrongly indicated to have been pre-empted leading to unnecessary retransmission.

Observation 6: Unlike in downlink URLLC (PDSCH), it is far more efficient and reliable to transmit the URLLC PUSCH using as few PRBs as possible to boost the PSD (Power Spectral Density) than to spread the PUSCH over numerous PRB. 

Observation 7: Unlike in downlink URLLC (PDSCH) which occupies a large frequency bandwidth, the uplink URRLC (PUSCH) is likely to occupy narrower frequency bandwidth and therefore unlikely to pre-empt multiple eMBB PUSCH.
Proposal 1: The UL PI is transmitted using a sequence.

Proposal 2: The UL PI is UE specific.

Proposal 3: For an eMBB UE monitoring UL PI, a presence of the UL PI sequence means the corresponding eMBB PUSCH is pre-empted and an absence of the UL PI sequence means there is no pre-emption.

Proposal 4: When the eMBB UE PUSCH is indicated as being pre-empted the UE drops the PUSCH transmission or a pre-defined time section of the PUSCH transmission.

Proposal 5: For inter-UE URLLC and eMBB pre-emption where the URLLC is transmitted using uplink grant free that overlaps the eMBB transmission, the eMBB is transmitted in a DTX manner.

Proposal 6: Support the updating of transmission parameters for configured grant free resources that override the default transmission parameters for the portion of a configured UL grant free resource that has been dynamically scheduled for an eMBB PUSCH transmission.

	R1-1902300
Uplink inter UE multiplexing/prioritization for enhanced URLLC
Samsung

	Proposal 1: Specify UL power control enhancements, if necessary, for Rel-16 URLLC UEs.
Proposal 2: Support a UE-group common DCI format transmitted with slot-based periodicity and indicating to URLLC UEs resources experiencing UL interference.

Proposal 3: Support increased power for GF-PUSCH transmissions from URLLC UEs in resources indicated to URLLC UEs as experiencing UL interference.

	R1-1902336
Discussion on UL inter UE Tx prioritization/multiplexing
CMCC

	Proposal 1: It is supported that UE specific PDCCH is used as UL cancelation indication and the UE resumes the remaining transmissions afterwards. Specifically, UL grant scheduling retransmissions for eMBB UE can serve as the UL cancelation indication.

Proposal 2: If the first uplink symbol of the pre-empted physical resource which is indicated by the UL grant for retransmission / the physical resource defined by the time domain resource allocation field in the earlier UL grant, starts no earlier than at symbol L3 then the UE would stop mapping the encoded bits to the pre-empted physical resource, and transmit the unmapped bits on the retransmission physical resources assigned by the UL grant for retransmission, where 

· L3 is defined as the next uplink symbol with its CP starting after Tproc,3 after the end of the last symbol of the UL grant scheduling eMBB retransmission.
· pre-empted physical resource and retransmission physical resources are both indicated by the UL grant for retransmission.

	R1-1902420
Consideration on UL inter UE Tx prioritization and multiplexing
 OPPO

	[image: image22.png]—e— FAR2-1sym-4bit-seq
—e—FAR7-1sym-4bit-seq
—e—DCI_4_1sym

—e—FARoff-1sym-4bit-seq

0.0001

0.00001




[image: image23.png]Error probability (False alarm=107-2)

-8 -6 -4 -2 0

—e—DCI_2CCE
—e—Sequence_12PRB

0.0001

——DCI_4CCE

—<Sequence_24PRB
0.00001




Figure 2 Performance of sequence based signaling and DCI

Observation1: For small payload and reasonable false alarm, sequence based signaling provides better performance and about 3-5dB gain.
Observation 2: 24-bit CRC of DCI is overdesign for small payload and reasonable false alarm.
Observation 3: Sequence based signaling is easier and faster to detect and has limited specification and implementation impact. 
Observation 4: DCI still has specification and implementation impact, e.g increase PDCCH monitoring capability significantly.
Observation 5: Grant free mechanism is low efficiency and efficiency improvement is necessary.
Proposal 1: Enhancement to solve eMBB and URLLC collision should be supported to improve PUSCH decoding performance
Proposal 2: Before down-select of UL preemption and power control, UL PI signaling design should be studied completely
Proposal 3: Sequence based signaling should be supported to indicate UL preemption.
Proposal 4: Both group common specific and UE specific signaling could be considered. UL grant for re-scheduling can be reused as preemption indication, which can avoid additional signaling design and overhead.
Proposal 5: Both not-started and on-going transmissions are supported.
Proposal 6: Not resuming the transmission afterwards is preferred.
Proposal 7: Multiplexing of grant free transmission and grant based transmission is one effective way to improve efficiency of grant free mechanism.
Proposal 8: Grant free plus SR can be considered due to it is good tradeoff between latency and system efficiency

	R1-1902444
UL inter UE Tx prioritization/multiplexing
ETRI

	Proposal 1: Strive for the common and unified design for inter-/intra-UE UL multiplexing.
Observation 1: When eMBB traffic is not dense, the UE-specific PI is beneficial.
Proposal 2: If the UE receives a UL grant of the same TB which is scheduled by an earlier received grant, the UE follows the later UL grant and the previously scheduled PUSCH is dropped.
Observation 2: When eMBB traffic is dense, the broadcast PI is beneficial.
Proposal 3: Both UE-specific DCI and group-common DCI are specified as UL cancelation mechanisms.
Proposal 4: Further study for the UCI timing if eMBB PUSCH is cancelled.

	R1-1902497
On inter-UE UL multiplexing for eURLLC
Intel Corporation

	Proposal 1

· Mechanisms for UL inter-UE multiplexing should not be limited to cater to only multiplexing of different service types (eMBB vs. URLLC), but consider the general problem of multiplexing services with different QoS requirements.

Proposal 2

· NR supports monitoring at least one L1 indication for modifying a scheduled UL transmission.

· UE only monitors for the L1 indication subsequent to receiving an UL grant

· The L1 indication is transmitted on a UE specific PDCCH

· Following the L1 indication, UE drops the impacted transmission without resuming.

· FFS: Support of L1 indication to modify other UL transmissions, such as PUCCH, SRS, PRACH.
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Figure 3. URLLC capacity and RU, eMBB throughput for Rel.15 InH.
Observation 1
· From URLLC performance perspective, in InH scenario

· In case of dynamic scheduling, URLLC capacity is worse than in URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions

· Overlapped transmissions with same power control setting drops URLLC performance significantly and URLLC capacity cannot be achieved

· Moderate power boosting (4 dB) restores URLLC capacity to similar level as non-overlapped scheduling.

· High power boosting (8 dB) results in URLLC capacity similar to URLLC-only scenario by overcoming inter-cell interference limitation from full buffer eMBB transmissions

· From eMBB performance perspective, in InH scenario

· Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled

· Usage of UL cancellation indication together with CBG-based retransmissions provides performance comparable / better than dynamic scheduling with same timescale

· Overlapped transmissions with same power control setting leads to eMBB performance comparable to dynamic scheduling and UL cancellation

· Power boosting of URLLC degrades eMBB performance down to the case of cancellation with TB-based retransmissions
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Figure 4. URLLC capacity and eMBB throughput for Rel.15 UMa.

Observation 2
· From URLLC performance perspective, in UMa scenario

· In case of dynamic scheduling, URLLC capacity is worse than in URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions

· Overlapped transmissions with same power control setting and even with power boosting degrades URLLC performance significantly due to significant power limitation in UMa compared to InH

· High power boosting (8 dB) only slightly improves URLLC capacity and but still quite inferior to orthogonal URLLC transmission in URLLC-only and No overlap cases.

· From eMBB performance perspective, in UMa scenario

· Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled

· Dynamic scheduling with same time scale as URLLC provides better performance compared to both PI-based and overlapped transmission.

· CBG-based retransmissions provide performance better than overlapped transmission with URLLC power boosting and TB-based retransmission, and comparable performance to overlapped transmission with same power setting.

· Overlapped transmissions leads to eMBB performance improvement compared to PI with TB-based retransmission. 
Based on results for both InH and UMa scenarios, we have the following observations:

Observation 3

· Dynamic scheduling with same time scale and PI scheme with CBG-based retransmission may provide better URLLC/eMBB performance trade-off.
· This observation is valid for full-buffer eMBB traffic model only.
Table 1 System-level evaluation assumptions. Additional or different from ones listed in TR 38.824.
Parameters

Value

BS antenna configurations
4 Rx

UE antenna configuration

1 Tx

Number of UEs per cell

10 URLLC + 2 eMBB in average

Simulation bandwidth 

InH: 20 MHz

UMa: 40 MHz
SCS 

30 kHz
Resource granularity

7 symbols (1 DMRS)

Link adaptation

URLLC: fixed lowest MCS

eMBB: link adaptation with outer-loop

Power control

URLLC: P0 to achieve target SNR = 20 dB, alpha = 0.8. Power boost of 0, 4, 8 dB depending on scheme.

eMBB: P0 to achieve target SNR = 20 dB, alpha = 0.8

Scheduler

Random for eMBB, FIFO for URLLC

URLLC prioritized over eMBB

[image: image29.emf]-160 -140 -120 -100 -80 -60 -40

Pathgain, dB

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Pathgain CDF

Rel.15 InH

Rel.15 UMa



	R1-1902521
On NR URLLC UL inter UE Tx prioritization/multiplexing
 Panasonic

	Observation 1: Clarification related to the cancellation mechanism of cancel and resume should be clarified if only the remaining transmission is continued or the entire transmission from the beginning of cancellation is shifted and transmitted 

Observation 2: Cancel and stop technique provides a simple solution and might be useful to to support where inefficient usage of resource is not a problem such that very few or no symbols remaining in a slot after the URLLC UL transmission. 

Observation 3: Cancel and continue technique provides a resource efficient solution as the remaining resources within a slot can be used for eMBB UL transmission, but degradation of channel estimation in the continued eMBB UL transmission might be an issue

Observation 4: Pause and resume provides an optimal solution from the point of view eMBB UL transmission as complete traffic is transmitted, but it could have both the issues of degraded channel estimation and possibly phase discontinuity.
Observation 5: For inter-UE multiplexing between grant-based UL transmission and grant-free UL transmission, the indication is not for grant-based UL transmission, but for grant-free UL transmission.

Observation 6: Depending on the assumption on whether/how to identify eMBB or URLLC for grant-free UL transmission, the design of inter-UE multiplexing between a grant-based UL transmission and another grant-free UL transmission becomes different.

Observation 7: If eMBB or URLLC grant-free UL transmission is differentiated by different configuration or resource, UL cancellation indication is necessary to cancel grant-free eMBB transmission.

Observation 8: If eMBB or URLLC grant-free UL transmission is differentiated by UCI, to always protect grant-free UL transmission or UL indication for dynamically change/update the grant-free resource/configuration is necessary.
Proposal 1: In NR URLLC grant-based UL in Rel. 16, the specification support both cancel & stop and cancel & continue techniques for eMBB UL cancellation/pre-emption. The UE feature/capability should distinguish them.
Proposal 2: In NR URLLC grant-based UL in Rel. 16, configurable UE monitoring periodicity for pre-emption indication before and during PUSCH transmission should be used, which can depend on the URLLC traffic burst. The possible configurable periodicities depends on the number of blind decoding and CCE demodulation for PDCCH for URLLC. 
Proposal 3: In NR URLLC grant-based UL in Rel. 16, group-common signalling for UL pre-emption indication should be supported, where the DCI size for carrying pre-emption indication can be same as the DCI format 0_0/0_1 size for URLLC. 
Proposal 4: In NR URLLC grant-based UL in Rel. 16, if it is agreed to support both the cancellation mechanisms, then to dynamically configure either one of the option as part of the pre-emption indication could be considered.
Proposal 5: In case of grant-based PUSCH without SRI field, new RNTI, new MCS table or DCI size is used to differentiate open-loop parameter sets.

Proposal 6: In case of grant-free PUSCH, certain L1 identification mechanism is needed to implicitly signal URLLC UL power boosting.

Proposal 7: Linking grant-free resource with specific open-loop parameter or introducing new CS-RNTI for URLLC or URLLC identification by the flag is added to current DCI format should be considered.

Proposal 8: For LTE-NR dual connectivity, the priority rule between NR URLLC and LTE should be revisited.

	R1-1902532
UL inter-UE Tx prioritisation and multiplexing 
NEC

	Proposal 1: Support configuring preemptable resources of eMBB UEs prior to URLLC transmission.
Proposal 2: Support UL Pre-emption Indication to cancel/modify eMBB transmissions over inter-UE multiplexed URLLC resources.

Proposal 3: No significant increase to the overall eMBB UE PDCCH monitoring capability for UL Pre-emption Indication.

Proposal 4: Support gNB to apply separate power setting for the eMBB UE’s UL transmission at overlapping resources for URLLC.



	R1-1902610
Potential enhancements for UL inter-UE multiplexing 
InterDigital, Inc.

	Proposal 1: The Rel-16 NR should study the power control mechanism for grant-free UL transmission by configuring certain portions of the resource grid for possible overlap between a grant-based and a grant-free UL transmission.
Proposal 2: NR should support PDCCH for dynamic signaling of the power boosting parameters for URLLC UE. The power boosting parameters can be signaled in 

· DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion or

· jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI

Proposal 3: NR should support cancelation indication for UL, with the option of mini-slot level monitoring periodicity.  
Proposal 4: NR should support dynamic resource sharing between eMBB UL and URLLC UL from different UEs using UL cancelation indication in GC-PDCCH for grant-based transmission.

	R1-1902625
UL inter-UE multiplexing between eMBB and URLLC
China Telecommunications

	Proposal 1: PDCCH should be considered for UL cancelation indication.

Proposal 2: group-common DCI is considered for UL cancelation indication.

Proposal 3: UE specific DCI can be used to resume the UL transmission.

Proposal 4: The UE processing time for UL cancelation indication should be shorter than N2 defined in Rel-15 UE capability#2.
Proposal 5: Enhanced UL power control should be used in limited scenarios.

	R1-1902750
Discussion on power control mechanism for UL inter UE Tx multiplexing
ASUSTEK COMPUTER (SHANGHAI)

	Observation: To support UL inter UE Tx multiplexing, Rel-15 power control mechanism could not avoid the following side effect:

· Power starvation for eMBB UE
· Power overshooting for URLLC UE (at least for grant-free UE)
Proposal: A time/frequency resource centric mechanism to allow UE to decide whether to reduce/boost its power or not is considered in the following study. No new signal for power reduction/boosting is required for UL inter UE Tx multiplexing.

	R1-1902765
Considerations on URLLC UL Inter UE Tx prioritization/multiplexing
Apple Inc.

	Proposal 1: NR to support the DL indication to preempt the UL transmission for efficient multiplexing between URLLC service and other services with different performance requirement  

	R1-1902808
UL inter-UE transmission prioritization/multiplexing
NTT DOCOMO, INC.

	Proposal 1:
· Support UL cancellation mechanism for inter-UE prioritization/multiplexing.
· Group common DCI or UE specific DCI can cancel/re-schedule UL transmission scheduled by another dynamic/configured grant.
Proposal 2:

· Support following UE behavior as the baseline:
· Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission without resuming the UL transmission.

Proposal 3:

· Enable using UL cancellation indication to inform a UE whether a configured grant resource is available.
· If multiple configured grant configurations are configured in frequency-domain, the UE can select a configured grant configuration which is not cancelled by the UL cancellation indication.

	R1-1902838
Views on pre-emption for UL inter UE Tx multiplexing
Mitsubishi Electric Co.

	Proposal 1: NR supports UL pre-emption when handling UL multiplexing with different reliability requirements
Proposal 2 : Adopt both PDCCH and sequence based UL cancellation indication
Proposal 3 : Adopt both group-common and UE specific PDCCH based UL cancellation indication
Proposal 4 : Adopt UE specific sequence based UL cancellation indication
Proposal 5: Symbol-level pre-emption should be studied
Observation 1: Repetitions of PUSCH in URLLC over multiple slots should be discussed.
Observation 2: Different pre-emption procedures should be considered for different length of slot/non-slot

	R1-1902846
UL inter UE Tx prioritization/multiplexing for URLLC operation
Motorola Mobility, Lenovo

	Proposal 1: If any form of UL pre-emption (including rescheduling eMBB PUSCH) is used for aUE,  it should be further studied how to address the case that the UE has URLLC UL transmission colliding with pre-empted period.
Proposal 2: If UL power boosting is used for an URLLC UE to help with inter UE multiplexing,  it should be further studied if the power boost is applicable to all of the URLLC PUSCH repetitions scheduled via a single UL grant.

	R1-1902875
On UL inter-UE multiplexing for NR URLLC
WILUS Inc.

	· Proposal 1: When a PUSCH is pre-empted, then the following UE behaviours can be considered:

· If at least one resource element mapping to either of UCI and DMRS in PUSCH is pre-empted, then drop all PUSCH. 

· If all of resource elements mapping to either of UCI and DMRS in PUSCH are not pre-empted, then the DMRS and UCI are not cancelled (i.e. transmitted).

· Proposal 2: Consider a UL pre-emption indication that includes rescheduling information for the pre-empted UCI.

	R1-1902879
Discussion on UL Inter UE Tx multiplexing
III

	Observation1.  Sending URLLC UE’s SR with a cancelation notification to gNB can be further discussed
Observation2. The UL cancelation indication can be carried by PDCCH.
Observation 3: Monitoring period should be short enough for cancelling UL transmission of eMBB UE using shared resource. Mini-slot level is preferred in small SCS.
Proposal 1: A mechanism to adjust monitoring period is necessary for reducing the overhead of receiving UL cancelation signal at the eMBB UEs.
Proposal 2: UL cancelation signal scheme should meet the requirement of high reliability.
Proposal 3: The grant-free UE could receive information of grant-based UEs’ occupied resource. This will prevent the potential collision between grant-free UE and grant-based UEs using sharing resource.

	R1-1903008
UL Inter-UE Tx Multiplexing and Prioritization
Qualcomm Incorporated

	Observation 1: Uplink pre-emption indication maximizes the URLLC performance by muting eMBB transmissions that interfere with the URLLC ones. Compared to semi-static power control, the eMBB performance is improved since eMBB transmissions are only suspended when URLLC transmission is present.

Observation 2: As compared to an eMBB UE that is not able to suspend its transmission, the eMBB user supporting ULPI experiences an enhanced performance since it can be allocated a larger bandwidth. 

Proposal 1: To reduce the ULPI timeline, its PDCCH can be configured with a small number of candidates and non-overlapping CCEs for channel estimation.

Proposal 2: ULPI can be sent via a group-common DCI. 

Observation 3: The Rel. 16 eMBB users capable of UL pre-emption are not required to always monitor the ULPI channel. 

Observation 4: ULPI can be implemented with different monitoring and processing timeline capabilities for different deployment scenarios. 

Observation 5: Even when GF is used for URLLC, the retransmission performance can be enhanced by reducing eMBB interference via monitoring ULPI. 

Observation 6: The monitoring and reaction to ULPI, per UE capability, takes less processing time than the processing time N2 during which URLLC UEs monitor UL grants and prepare uplink data transmissions.
Observation 7: ULPI PDCCH reliability can be achieved with a relatively small AL.
Observation 8: The timing alignment of UEs with different TAs for ULPI processing can be done in the same way as SFI which is signalled by GC-PDCCH.
Observation 9: Boosting transmission power of URLLC UEs is infeasible for cell-edge UEs with limited power headroom and is ineffective in the interference-limited regime for all URLLC UEs.

Observation 10: For eMBB UEs, semi-static transmission power reduction to maintain satisfactory URLLC performance significantly impacts the eMBB performance.

Observation 11: In intra-cell eMBB and URLLC multiplexing on the uplink, semi-static power control of eMBB UEs significantly degrades the URLLC performance, unless the target received data SNR of eMBB is very low, resulting in significantly degraded eMBB performance.

Observation 12: Narrowband URLLC with power boosting is less efficient than wideband power allocation and incurs higher IoT.

Observation 13: Narrowband URLLC with power boosting has worse performance than wideband power allocation, with or without ULPI.

Observation 14: From the link-level performance evaluations, the eMBB performance with ULPI significantly outperforms the performance of eMBB with eURLLC power boosting.
Results for ISD = 500m and 4GHz
Table 4-II: URLLC capacity comparison between ULPI and TPC

Capacity Results

TPC no boost

TPC 3dB boost

ULPI

Maximum arrival rate at up to 5% outage

1500

1700

4100

ULPI’s Gain

x 2.73
x 2.41
Table 4-III: Comparison between ULPI and TPC for URLLC UE’s Resource Utilization 

Arrival Rate

1500

1700

TPC’s RU

43%

44%

ULPI’s RU

21%

24%

Results for ISD = 200m and 2GHz
Table 5-II: The URLLC cell capacity under different URLLC frequency resources and target received data SNR values of the eMBB UE in the serving cell.

Target received data snr of in-cell eMBB UE

URLLC resources 20MHz

URLLC resources 10MHz

URLLC resources 5MHz

-inf dB (eMBB transmissions are preempted)

16.13Mbps

5.38Mbps

1.08Mbps

2dB

15.05Mbps

5.38Mbps

1.08Mbps

8dB

11.83Mbps

4.3Mbps

negligible

14dB

5.38Mbps

2.15Mbps

negligible

20dB

2.15Mbps

negligible

negligible

Table 5-III: The resource utilization of URLLC transmissions at the maximum URLLC capacity under different URLLC frequency resources and target received data SNR values of the eMBB UE in the serving cell.

Target received data snr of incell eMBB UE

URLLC resources 20MHz

URLLC resources 10MHz

URLLC resources 5MHz

-inf dB (eMBB transmissions are preempted)

63.9%

41.7%

17.3%

2dB

63.8%

44.5%

18.6%

8dB

58.8%

41.3%

negligible

14dB

39.4%

28.1%

negligible

20dB

25.4%

negligible

negligible

Table 5-III. Spectral efficiency comparison for the power-limited URLLC UE in various scenarios.

Received URLLC SINR

Spectral efficiency

Max # of RBs given 23dBm Tx power limit

UE throughput capacity

Wideband overlayed URLLC/eMBB

-4.7dB

0.42 bps/Hz

50

7.56Mbps

Wideband URLLC/eMBB with ULPI

9dB

3.2 bps/Hz

50

57.6Mbps

Narrowband URLLC with power boosting and overlayed eMBB

5.3dB

2.13 bps/Hz

5

3.83Mbps

Narrowband URLLC power boosting without overlayed eMBB

19 dB

6.33 bps/Hz

5

11.4Mbps

Table 9-I. Simulation assumptions for 4GHz layout.

Parameters
Urban Macro
Channel Model 
RAN1 compliant 
Layout & UE distribution
12 UEs in single URLLC cell (10 URLLC UE, 2 eMBB UE), surrounded by 20 eMBB cells, each serving 2 eMBB UEs
Carrier frequency
4GHz
System bandwidth
40MHz (FDD UL)
UE Transmission power
23dBm
Antenna config
2 Tx / 4 Rx (As defined by RAN1)
Open-loop power control
Target received data SNR=20dB, partial pathloss compensation alpha=0.9. Same for all eMBB and URLLC UEs. The eMBB UE in the serving cell has other target received data SNR values for evaluation.
Traffic model
eMBB: full-buffer. URLLC: Poisson with 32-byte packets (FTP3)
URLLC traffic arrival rate

Swept over a wide range to find the largest one that is supported in the network

Target percentage of UEs in outage

X= up to 5%

Scheduling algorithm
URLLC: delay-based subband SU-MIMO
Inter/intra-cell interference
Fully captured with beamforming. Linear-MMSE receiver in the URLLC serving cell
Tone spacing/cyclic prefix
30KHz/NCP
URLLC’s mini-slot duration
2-symbol
HARQ
Incremental redundancy
Target reliability
Tx missed deadline + Rx failure <= 1e-5
Hard latency bound
1ms
Channel estimation
Demod chanEst error is captured in link sim results
Control
Overhead is not captured in capacity analysis
CDF of UE maximum coupling loss

See figure below
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Figure 10: The CDF of maximum coupling loss of the UEs across multiple network drops.

Table 9-II. Simulation assumptions for 2GHz layout.

Parameters
Urban Macro
Layout
Single macro layer. Hex. Grid, 21 cells wrap around
Inter-BS distance
200m
Carrier frequency
2GHz
System bandwidth
5, 10, 20MHz (FDD UL)
Channel model
3D UMa
Transmission power
BS: 49dBm PA scaled with simulation bandwidth. UE: 23dBm
Antenna config
2 Tx / 2 Rx (X-pol)
BS antenna height
35m
BS antenna element gain+connector loss
8dBi
BS/UE receiver noise figure
5/9 dB
Open-loop power control
Target received data SNR=20dB, partial pathloss compensation alpha=0.9. Same for all eMBB and URLLC UEs. The eMBB UE in the serving cell has other target received data SNR values for evaluation.
Traffic model
eMBB: full-buffer. URLLC: Poisson with 32-byte packets (FTP3)
URLLC traffic arrival rate

Swept over a wide range to find the largest one that is supported in the network

Target percentage of UEs in outage

X=0

UE distribution
21 URLLC UEs and 1 eMBB UE (closet to BS) in the serving cell. Uniformly random drop in a cell with 80% indoor and 20% outdoor. 20 eMBB neighboring cells, each has one eMBB UE.
Scheduling algorithm
URLLC: delay-based subband 2x2 SU-MIMO
Inter/intra-cell interference
Fully captured with beamforming. Linear-MMSE receiver in the URLLC serving cell
Tone spacing/cyclic prefix
30KHz/NCP
Minislot/RTT durations
2-symbol minislot, 6-symbol RTT
HARQ
Incremental redundancy
Target reliability
Tx missed deadline + Rx HARQ failure <= 1e-5
Hard latency bound
1ms
Channel estimation
Demod chanEst error is captured in link sim results
Control
Overhead is not captured in capacity analysis
CDF of UE maximum coupling loss

See figure below
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Figure 11: The CDF of maximum coupling loss of the eMBB and URLLC UEs in the URLLC serving cell. There is one eMBB UE which has the lowest MCL. All other UEs are URLLC ones.

	R1-1903052
Considerations on UL inter UE Tx multiplexing
KT Corp. Late submission

	Proposal 1: group-common PDCCH like DL pre-emption indication can be used for UL pre-emption indication

Proposal 2: how to signal the UL pre-emption indication and how to define the UE behaviour should be carefully invested together considering efficient way for UL pre-emption and indication signalling.

Proposal 3: we should investigate how to deal with the PUSCH transmissions that contain UCI if the PUSCH is indicated to be cancelled by gNB.
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