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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 Tuesday online 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”

· Offline to define case-1 DMRS assumption and case-2 DM-RS assumption 
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)
[-1.7dB

(6 dB 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


3 Proposals from further offline discussions

Proposal 1: Definition of case-1 DMRS assumption and case-2 DM-RS assumption
· 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
Proposal 2: 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 for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered. 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, either resuming or not resuming the transmission afterwards by the UE can be considered. [It can also be considered that UE interprets (e.g. by gNB configuration) UL cancelation indication inversely and continues the corresponding UL transmission upon detection or cancels the corresponding transmission upon no detection.] [For configured grant UEs, if UL cancellation indication is received, the UE could switch the resource if multiple configured resources are configured to the UE.]
Proposal 3: Capture the following in TR38.824 section 7.2.2 “UL power control enhancements”
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 DCI indication without using SRI, [or based on explicit or implicit indication from the gNB for UE to adjust power (for grant-free PUSCH)]. Increased TPC range compared to Rel-15 may also be considered. In case of multiplexing between eMBB and URLLC UEs, it is assumed that the enhanced UL power control scheme is applied to URLLC UEs.
4 Summary
4.1 UL cancelation mechanism
16 companies contributed to this agenda item (ZTE, vivo, Ericsson, Fujitsu, OPPO, China Telecom, Mitsubishi, Panasonic, Sequans, ETRI, Apple, InterDigital, III, WILLUS, NTT DOCOMO, Nokia, Qualcomm) share a view that a UL cancelation mechanism is beneficial and should be supported. The detailed design considerations and companies views are summarized in section 2.1.1~2.1.7.
Proposal 1: Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
The followings are identified for potential UL cancelation mechanism

· The UL cancelation indication is based on PDCCH

· FFS group common DCI or UE specific DCI

· The monitoring periodicity for the UL cancelation indication is configurable and UE should be able to support mini-slot level monitoring
· The UE processing time for UL cancelation indication equal or shorter than N2 defined in Rel-15 UE capability#2 is required
· Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission without resuming.
· FFS UE cancelation with resuming

· UE only monitors for the L1 indication subsequent to receiving an UL grant
· FFS time/frequency region for UL cancelation indication
Proposal 2: Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
The followings are identified to enhance the dynamic multiplexing between grant-based eMBB and grant-free URLLC in UL. 

·  grant-free URLLC UE can be indicated by gNB to avoid colliding with eMBB when eMBB PUSCH is scheduled over the grant-free resource

	Company
	View

	Sony
	In Proposal 1, on the monitoring periodicity of UL PI, it said mini-slot level.  By mini-slot do you mean 2 symbols?  At least Sony think that the monitoring periodicity should be configurable rather than forcing it to be 2 symbols.
In Proposal 2, should it up to UE whether to use the same Configured Grant.  Also the configured grant may be tied to service type and so the UE may not be able to switch to another Configured grant.  It should also be noted that the method should also work for the case where only 1 configured grant is configured.  At least we proposed that the UE is warned about the presence of eMBB or barred the resources occupied by eMBB.

	LG
	We are OK with proposal 1. 

For proposal 2, if I understood correctly, a gNB would send a kind of UL cancelation indication for every grant-free UE on pre-empted URLLC grant-free resource. For my understanding, gNB cannot know whether a UE transmits grant-free PUSCH in advance, so it is not possible to send cancelation indication selectively, which means it requires cancelation indication to all of URLLC using overlapped resource. Considering a few UE can share same configuration and one eMBB PUSCH can overlap multiple URLLC transmission occasion, it is necessary to study how to realize further. 


4.1.1 Signalling methods for UL cancelation
· UL cancelation indication is transmitted based on 
· PDCCH (20): ZTE, vivo, Ericsson, Fujitsu, OPPO, China Telecom, Mitsubishi, Panasonic, Sequans, ETRI, Apple, InterDigital, III, WILLUS, NTT DOCOMO, Nokia, Qualcomm, Sony, LG, Intel
· Sequence (2): OPPO, Sony
· Group common vs. UE specific DCI
· Group common DCI (13): ZTE, vivo, Ericsson, Fujitsu, OPPO, China Telecom, Panasonic, Sequans, ETRI, NTT DOCOMO, Nokia, Qualcomm, LG
· UE specific DCI, e.g. re-scheduling DCI (11): vivo, Mediatek, OPPO, CATT, CMCC, China Telecom, ETRI, WILLUS, NTT DOCOMO, Sony, Intel
· How to ensure the reliability of UL cancelation indication

· Use compact DCI : vivo, Fujitsu
· Higher aggregation level: vivo, Fujitsu, Nokia
· PDCCH repetition: Fujitsu
· PDCCH power boost: Nokia
· Joint continuation/cancelation indication: Sequans
	Company
	View

	Sony
	We can also support UE specific DCI.

	LG
	We also support UL cancelation indication and slightly prefer GC-PDCCH for UL cancelation indication.

	Sequans
	For the reliability of UL cancelation indication, we think it is not challenging to achieve a very high reliability as discussed in our contribution R1-1901283. An eMBB UE with good channel quality can have a very high reliability even with low AL and a UE with bad channel quality can work as “continue indication” (missed detection only results in cancelation). The channel quality can be implicitly indicated by the AL of the DCI of UL Grant.  


4.1.2 Processing time for UL cancelation indication

· The processing timeline for UL cancelation indication
· Equal or shorter than N2 defined for Rel-15 UE capability #2: ZTE, vivo, Ericsson, Fujitsu, OPPO, CATT (at least equal to), Sony, Nokia, Qualcomm, LG
· Methods to improve the processing timeline/reduce complexity
·  PDCCH for UL cancelation can be configured with a small number of candidates and non-overlapping CCEs for channel estimation: Qualcomm, Nokia
	Company
	View

	LG
	Since UL cancelation indication doesn’t require whole baseband processing like normal UL grant to PUSCH, it is highly likely to require shorter time than N2, which can be further considered.

	
	


4.1.3 Monitoring aspects for UL cancelation indication
· Required monitoring periodicity
· Mini-slot level:  ZTE, vivo, Fujitsu, OPPO, CATT, Mitsubishi, InterDigital, III, Nokia, Qualcomm, Sequans
· Slot level:  vivo
· Triggering of monitoring:
· UE only monitors for the L1 indication subsequent to receiving an UL grant: Fujitsu, OPPO, Intel, Nokia, Qualcomm, Sequans
· Dynamic activation of UE monitoring by DCI: TCL
· 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
	Company
	View

	Sony
	Is this the UE capability on UL PI monitoring or the actual monitoring periodicity?  If this is actual then it sould be configurable not force UE to monitor every mini-slot.

	
	


4.1.4 UE behaviour upon receiving UL cancelation indication
· Stop without resume 
· Huawei, vivo, Panasonic, NTT DOCOMO, Sony
· Stop and with resume

· Panasonic, Nokia
· Which UL channel/signal can be cancelled?

· At least PUSCH could be 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).
	Company
	View

	Sony
	We can support stop without resume.

	LG
	We also have similar proposal to WILLUS in our contribution, as following:

· For UL cancelation indication 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.


4.1.5 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, NEC, LG
	Company
	View

	LG
	We would like to clarify our proposal on how to determine time reference region. Considering UE processing time from UL cancelation indication reception to its first applicable symbol, in fact it is not feasible to cancel the indicated resource right after the reception of UL cancelation indication. Rather it would require some gap between the indication and its applicable time. Thus, our proposal is to consider some time margin from ul cancelation indication, so we would like to say “considering the processing time” instead of “determined”

	
	


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

· DTX transmission for eMBB (Sony)

· Use of existing Rel-15 approaches (Intel, Nokia)
	Company
	View

	Sony
	I think the description does not describe our proposal.  What does it mean by resource switching?  It seemed to suggest that multiple configured grant must be configured for this to work.

	
	


4.2 Power control enhancements
Power control enhancements are proposed by several companies. 4 companies (Huawei, MTK, ASUSTEK, Samsung) proposed to only consider power control enhancements. 9 companies (ZTE, vivo, NEC, Sony, LG, Panasonic, Sequans, Spreadtrum, InterDigital) think that power control enhancements can be considered as a complementary solution to UL cancelation indication. The detailed design considerations and companies views are summarized below.
· Dynamic change of power control parameters (e.g. P0, alpha) to the UE 

· For grant-based URLLC UEs, power control parameter set explicitly indicated by DCI without using SRI 

· Huawei, vivo, NEC, Sony, InterDigital, Spreadtrum
· Dynamic power boosting for grant-free URLLC UEs

·  Power boosting based on gNB indication, e.g. presence of colliding eMBB transmission
· ZTE, Panasonic
· Resource specific power control

· ASUSTEK 
· Increased TPC range 

· Huawei
Proposal 3: Capture the following in TR38.824 section 7.2.2 “UL power control enhancements”
The following options are identified as potential power control enhancements
· Alt 1: Dynamic change of power control parameters (e.g. P0, alpha) to the UE.
· Alt 1-1 Power control parameter set explicitly indicated by DCI without using SRI

· Alt 1-2 Power control parameter set implicitly determined by the time/frequency resource for UL transmission (e.g. for grant-free PUSCH)
· Alt 2: Increased TPC range 

	Company
	View

	HW/HiSi
	For clarification, with Alt1-2 which UE is it referring to, the eMBB UE or the URLLC UE? One option could that the URLLC UE becomes explicitly notified about the resource allocation of an eMBB UE and then adjusts is transmission power accordingly.

	
	


4.3 Performance evaluations

Link level or system level simulation results are provided by companies to study the necessity of any enhanced scheme for UL inter-UE multiplexing
4.3.1 Link level simulations
Proposed observations from offline discussion
· 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-IRC 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.
Proposal from offline discussion
Capture the following link level evaluation 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)
	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

	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

	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

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

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

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

	Source 3 (Ericsson)
	11dB
	Error floor
	Error floor
	URLLC MCS#14, eMBB 16QAM
MMSE-IRC receiver
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Proposed observations from offline discussion
· 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 orthogonal 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 orthogonal DMRS between eMBB and URLLC.

Proposal from offline discussion
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)
	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

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

eMBB MCS #23(772/1024,6)

MMSE-IRC receiver

Orthogonal DMRS for the collided users

	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

Orthogonal DMRS for the collided users

	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

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

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

	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

	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

	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

	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

	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

	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


Source 5 (Qualcomm) provided throughput comparison between UL pre-emption indication and URLLC power boosting when URLLC and eMBB PUSCH are colliding as the following figure. 
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Figure 10:eMBB performance under ULPI and eURLLC power boosting (3dB) with different MCS values.
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	Huawei (R1-1901303)
· 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. We further use power-offset of 3dB, 6dB and 9dB to evaluate the performance of power boosting scheme.
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(a) Performance of URLLC Tx, MCS0:30/1024,2 
    (b) Performance of eMBB Tx, MCS0: 30/1024,2
Figure 1 Performance of in power control multiplexing scheme with low MCS for both URLLC and eMBB with 14OS
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 (a) Performance of URLLC Tx, MCS14:602/1024,2       (b) Performance of eMBB Tx, MCS14:602/1024,2
Figure 2 Performance of in power control multiplexing scheme with higher MCS for both URLLC and eMBB with 7OS

In Figure 1 and Figure 2, we can see that with SIC receiver, the performance for both URLLC and eMBB only have minor lose without power boosting compared to URLLC user only. As power boosting offset increases, the URLLC performances are much improved while eMBB only have minor lost. The results indicate that power boosting can further improve the performance of URLLC UE, without much impact on the eMBB UE.
[image: image6.emf]-23 -21 -19 -17 -15 -13 -11 -9

SNR

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

 

o

f

 

U

R

L

L

C

 

u

s

e

r

TDLC100, 1T4R, RCE

URLLC user only

eMBB/URLLC multiplxed, MMSE-IRC

eMBB/URLLC multiplxed, MMSE-SIC

eMBB/URLLC multiplxed, MMSE-SIC, PO3

eMBB/URLLC multiplxed, MMSE-SIC, PO6

eMBB/URLLC multiplxed, MMSE-SIC, PO9

[image: image7.emf]-12 -11.5 -11 -10.5 -10 -9.5 -9 -8.5 -8 -7.5 -7

SNR

10

-2

10

-1

10

0

B

L

E

R

 

o

f

 

e

M

B

B

 

u

s

e

r

TDLC100, 1T4R, RCE

eMBB user only

eMBB/URLLC multiplxed, MMSE-IRC

eMBB/URLLC multiplxed, MMSE-SIC

eMBB/URLLC multiplxed, MMSE-SIC, PO3

eMBB/URLLC multiplxed, MMSE-SIC, PO6

eMBB/URLLC multiplxed, MMSE-SIC, PO9


(a) Performance of URLLC Tx, MCS0:30/1024,2       (b) Performance of eMBB Tx, MCS0:120/1024,2
 Figure 3 Performance of in power control multiplexing scheme with different low MCS for both URLLC and eMBB with 14OS
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(a) Performance of URLLC Tx, MCS114:602/1024,2   (b) Performance of eMBB Tx, MCS12:434/1024,4
Figure 4 Performance of in power control multiplexing scheme with higher MCS for URLLC and eMBB with 7OS
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(a) Performance of URLLC Tx, MCS14:602/1024,2   (b) Performance of eMBB Tx, MCS23:772/1024,6
 Figure 5 Performance of in power control multiplexing scheme with higher MCS for URLLC and high MCS for eMBB with 7OS

In Figure 3 to Figure 5, with higher MCS of eMBB, some URLLC performance loss is shown in eMBB and URLLC multiplexing case decoded by SIC receiver. eMBB performance gain is still clear with SIC receiver. However, power boosting on URLLC transmission can further improve the performance of URLLC UE.
Observation 4: With advanced receivers (MMSE-SIC), power boosting can further improve the URLLC performance, without much impact on the eMBB UE. This is the case for both low and high MCS scenarios.


	Vivo R1-1900131
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Figure 4: BLER performance of URLLC UE with MCS 0, without multiplexing or with power offset of eMBB
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Figure 5: BLER performance of URLLC UE with MCS 6, without multiplexing or with power offset of eMBB
Observation 3: 

· With conservative MCS at 10^-5 BLER target, there are similar performance for URLLC between UL cancellation and UL power control method.

Observation 4: 

· With higher MCS at 10^-4 BLER target, there is about 0.5 dB gain of URLLC performance from UL cancellation, comparing to UL power control with 3dB power offset.

· With higher MCS at 10^-4 BLER target, there is about 1.8 dB gain of URLLC performance from UL cancellation, comparing to UL power control with 0dB power offset.

Observation 5: 
· With higher MCS at 10^-5 BLER target, there is about 1.2 dB gain of URLLC performance from UL cancellation, comparing to UL power control with 3dB power offset.


	Ericsson (R1-1812161), 

Simulation results are shown in figures 2-5. 
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Fig 2. Performance of MCS0 in power controlled multiplexing scheme.
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Fig 3. Performance of MCS6 in power controlled multiplexing scheme.
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Fig 4. Performance of MCS10 in power controlled multiplexing scheme.
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Fig 5. Performance of MCS14 in power controlled multiplexing scheme.
It can be seen in figures that only very robust MCSs can ensure URLLC reliability, otherwise there is a high chance of BLER floor appearing. One of the reason is that URLLC channel estimates are seriously affected. The results say us the following:
1. Either URLLC link adaptation must be very conservative;
2. or power control must ensure enough power imbalance between victim and aggressor UEs.

Both conditions make the power control solution inefficient and URLLC performance anyway becomes barely predictive. In addition to this, other companies also reported about serious degradation of URLLC SINR[4] or URLLC performance [5] in general with power control based scheme.

Observation 1 The power control UL multiplexing scheme introduces inefficiency in radio interface.

Observation 2 According to simulation results, the power control UL multiplexing scheme cannot ensure URLLC reliability.


	Qualcomm R1-1900900
Then, we consider the following cases:

· eMBB with ULPI: In every transmission, two consecutive symbols are chosen at random and preempted. 

· eMBB with PB: In every transmission, two consecutive symbols are chosen; it is assumed that on those symbols the eURLLC received power is 3dB higher than eMBB. 

Also, in both cases, it is assumed that the DMRS symbols are not impacted. The results are illustrated in Figure 10 below, which compares the two schemes in terms of achievable eMBB throughput.
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Figure 10:eMBB performance under ULPI and eURLLC power boosting with different MCS values.

As shown in this figure, the eMBB performance with ULPI is superior in all the considered cases. The reason is that without eURLLC cancellation, the receiver assumes that the eURLLC transmission belong to eMBB; hence, it takes the wrong symbols and generate the LLRs with the incorrect interference estimation assumption. As the MCS gets larger, the impact of assuming the wrong symbols as valid ones becomes more significant. Hence, at MCS25, there is a considerable gap between the eMBB performance with ULPI and power boosting.

Observation 14: From the link-level performance evaluations, the eMBB performance with ULPI significantly outperforms the performance of eMBB with eURLLC power boosting. 


	NTT DOCOMO (R1-1813328)
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Fig.2 Performance evaluation of eMBB UL transmission overlapped with URLLC UL transmission



Table 1 Simulation assumption
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URLLC: I_MCS = 7 in MCS table3

CodeRate 434/1024 157/1024
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Fig.3 Assumed resource allocation

Observation 1:

· UL power boosting is not sufficient for inter-UE Tx prioritization/multiplexing.

· eMBB UL transmission overlapped with URLLC UL transmission with boosted-power cannot be decoded correctly.

· There are not so small issues. e.g. Applicable coverage of inter-UE Tx prioritization/multiplexing is limited due to potential power limitation.

· In practical, no resource sharing between eMBB UE of Rel-15/16 and URLLC UE of Rel-16 may be feasible if only UL power boosting is solution for inter-UE Tx prioritization/multiplexing.




	Samsung (R1-1901284)

Table 5. Evaluated entries in the 64-QAM MCS table for PUSCH with transform precoding [3].

MCS Index
IMCS
Modulation Order
 Qm
Target code Rate x 1024
R
Spectral

efficiency

2
2
193
0.3770
6
2 
449
0.8770
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Figure 1. Illustration of resource allocation for eMBB PUSCH and URLLC interference
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Figure 2. 50% RBs of eMBB PUSCH are interfered by URLLC PUSCH
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Figure 3. 100% RBs of eMBB PUSCH are interfered by URLLC PUSCH

Observation 6: For low code rate, e.g. MCS of 2, CR = 193/1024, the interference from URLLC PUSCH in 50% RBs has negligible impact to achieve BLER of 10-2.

Observation 7: For low code rate, e.g. MCS of 2, CR = 193/1024, the interference from URLLC PUSCH in 100% RBs has about 0.3 dB loss to achieve BLER of 10-2.

Observation 8: For medium code rate, e.g. MCS of 6, CR = 449/1024, the interference from URLLC PUSCH in 50% to 100% RBs flattens the BLER curve but BLER in the range of 10% can still be achieved and the eMBB PUSCH reception is meaningful to be (at least partially) combined with a HARQ retransmission. 
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4.3.2 System level simulations

Proposed observations from system level simulations (needs further discussion)
· From URLLC perspective,

· Comparing enhanced schemes with Rel-15 baseline

· Three sources (source 5/6/7) show better performance URLLC performance (percentage of URLLC UEs fulfilling the requirement) for enhanced schemes, compared to Rel-15 baseline, the enhanced schemes include UL rescheduling, UL cancelation and enhanced dynamic power control. 

· Comparing UL cancelation scheme and power control scheme

· Four sources (source 1/5/6/8) show better URLLC performance (throughput or percentage of URLLC UEs fulfilling the requirement) for UL cancelation scheme than dynamic power control scheme.

· One sources (source 7) shows almost the same URLLC performance (percentage of URLLC UEs fulfilling the requirement) between UL cancelation scheme and dynamic UL power control scheme
· One source (source 6) shows better URLLC performance (percentage of URLLC UEs fulfilling the requirement) for UL cancelation scheme than UL rescheduling scheme.
· One source (source 9)  shows the URLLC performance requirement (URLLC outage) can only be met when the URLLC traffic load is low and the colliding  eMBB transmission power is 5dB lower than URLLC, while for higher URLLC traffic loads, it is not possible to reach the URLLC performance requirement without removing the colliding eMBB transmission. 

· From eMBB perspective,
· Two sources (source 1/8) show degraded eMBB throughput due to UL cancelation scheme

· One source (source 6) shows that UL cancelation scheme provides better eMBB throughput than UL rescheduling scheme, but slightly worse eMBB throughput than Rel-15 baseline. 

Proposal (needs further discussion)
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 

R1-1901303)
	Case 1

UL cancelation for eMBB
	Ratio of  packets fulfilling URLLC requirements

=0.64 
	1.60 bps/Hz
	URLLC RU=0.033
	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

eMBB: Full buffer
No retransmissions

BS receiver: MMSE
	No evident gain for UL cancelation

	
	Case 2

Dynamic URLLC power boosting
	Ratio of  packets fulfilling URLLC requirements

=0.62
	1.80 bps/Hz 
	URLLC RU=0.033
	
	

	Source 5 (Qualcomm
R1-1900900)
	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
	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
	N/A
	URLLC RU

58.8% for 20MHz BW

41.3% for 10MHz 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
	N/A
	URLLC RU

39.4%for 20MHz BW

28.1% for 10MHz BW
	
	

	
	Case 5: 

Semi-static power control with 0dB offset between URLLC and and
	100% packets fulfills URLLC requirements,

URLLC throughput :

2.15Mbps for 20MHz BW
	N/A
	URLLC RU

25.4% for 20MHz BW
	
	

	Source 5 (Qualcomm R1-1901315)
	Case 1:

UL cancellation for URLLC
	100% of the users satisfying the requirements: URLLC per UE packet arrival rate per second at capacity: 800-5500 
	N/A
	40MHz BW:

URLLC RU

25.1% @800 arrival rate, and37.4% @5500 arrival rate
	R15 enabled use case, Urban macro with 500m ISD, 40MHZ @4GHz and SCS = 30KHz     eMBB traffic: full buffer, BS receiver: MMSE
	ULPI gain over TPC ranges from 33% to 90%.

UPLI provides a capacity gain between 30-60% over power boosting.

It is observed that RU for URLLC with ULPI is less than that of with power boosting, although at a higher URLLC capacity. This shows ULPI not only benefits URLLC but also eMBB UE, as more resources will be left for eMBB.

	Source 5 (Qualcomm R1-1901315)
	Case 2:

TPC without power boosting and the same target SNR for both eMBB and URLLC
	100% of the users satisfying the requirements: URLLC per UE packet arrival rate per second at capacity: 600-2900
	N/A
	40MHz BW:

URLLC RU

29.1% @600 arrival rate, and 45.7% @2900 arrival rate
	R15 enabled use case, Urban macro with 500m ISD, 40MHZ @4GHz and SCS = 30KHz     eMBB traffic: full buffer, BS receiver: MMSE
	

	Source 5 (Qualcomm R1-1901315)
	Case 3: TPC with power boosting; URLLC has 3dB higher target SNR than eMBB
	100% of the users satisfying the requirements: URLLC per UE packet arrival rate per second at capacity: 600-3400
	N/A
	40MHz BW:

URLLC RU

26.8% @600 arrival rate, and 48.3% @3400 arrival rate
	R15 enabled use case, Urban macro with 500m ISD, 40MHZ @4GHz and SCS = 30KHz     eMBB traffic: full buffer, BS receiver: MMSE
	

	Source 6 

(ZTE, 

 R1-1901366)
	Case 1: 

Without cancellation/rescheduling for eMBB
	% 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 200m ISD

40MHz @ 4GHz, 30 kHz SCS

1ms (air interface delay)/99.999
eMBB: 

FTP Model 3 with Poisson arrival 
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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
	UL cancellation based solution has a better performance compared to UL rescheduling based solution and power control based solution..

	
	Case 2:

UL rescheduling for eMBB
	% 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 cancellation for eMBB
	% 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
	% 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, R1-1900212)
	Case 1:

No enhanced scheme
	% of URLLC UEs fulfil the latency and reliability requirement =94.42%
	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
	Power control solution achieves better latency performance than PI.

	
	Case 2: 

Dynamic power control for URLLC
	% of URLLC UEs fulfil the latency and reliability requirement =99.55%
	N/A
	> 80%
	
	

	
	Case 3:

UL cancelation for eMBB
	% of URLLC UEs fulfil the latency and reliability requirement =99.01%
	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
	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
	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, R1-1901418)
	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
(reference eMBB only throughput = 14.3Mbps)
	@ 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
	From URLLC performance perspective, in InH 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 drops URLLC performance significantly and URLLC capacity cannot be achieved

3. Moderate power boosting (4 dB) restores URLLC capacity 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 

No overlap. This case includes 
Case 2-1) dynamic scheduling with same scheduling granularity (both 7 OS), 
Case 2-2) UL cancellation by PI. eMBB transmission is dropped for the overlapping part.
For Case 2-2), eMBB retransmission can be Case 2-2-1) TB-based or Case 2-2-2) 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 2-1) 

@ 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 2-2-1)

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

	
	
	
	Case 2-2-2)

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

	
	Case 3: 

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 4: 

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 5: 

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%
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4.4 Other aspects
The followings are discussed/proposed in contributions:

1. Mechanisms for UL inter-UE multiplexing should not be limited to cater to only multiplexing of different service 
types (eMBB vs. URLLC), but also consider the general problem of multiplexing services with different QoS requirements.  (Intel)
2. If any form of UL pre-emption (including rescheduling eMBB PUSCH) is used for an eMBB UE,  it should be further studied how to address the case that the eMBB UE has URLLC UL transmission colliding with pre-empted period. (Motorola, Lenovo)
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5 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
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	R1-1901303
UL inter-UE transmission prioritization and multiplexing
Huawei, HiSilicon

	Observation 1: URLLC UEs should not operate in power limited conditions. This is regardless if the URLLC UE is interfered by eMBB or not. 
Proposal 1: In order to support inter UE multiplexing between eMBB and URLLC, an enhanced power control mechanism for the URLLC UE shall be studied, e.g.

· Dynamic indication of power control parameters

· Enhanced TPC signaling
Observation 2: The potential use cases for UL PI are very limited.

· 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 
Observation 3: UL PI could not use the “Pausing/Resuming” mechanism due to the phase continuity problem caused by dynamic power control. Therefore, for UL PI it should be assumed that the whole transmission is canceled.
Proposal 2: UL PI should not be supported in Rel-16.
Observation 4: With advanced receivers (MMSE-SIC), power boosting can further improve the URLLC performance, without much impact on the eMBB UE. This is the case for both low and high MCS scenarios.
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)
Link level simulations
The simulation compares 6 BLER-SNR results in 3 Cases: 
· 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. We further use power-offset of 3dB, 6dB and 9dB to evaluate the performance of power boosting scheme.
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(a) (a) Performance of URLLC Tx, MCS0:30/1024,2 
    (b) Performance of eMBB Tx, MCS0: 30/1024,2
Figure 1 Performance of in power control multiplexing scheme with low MCS for both URLLC and eMBB with 14OS

[image: image29.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

 

o

f

 

U

R

L

L

C

 

u

s

e

r

TDLC100, 1T4R, 7OS, RCE

URLLC user only

eMBB/URLLC multiplxed, MMSE-IRC

eMBB/URLLC multiplxed, MMSE-SIC

eMBB/URLLC multiplxed, MMSE-SIC, PO3

eMBB/URLLC multiplxed, MMSE-SIC, PO6

eMBB/URLLC multiplxed, MMSE-SIC, PO9

 [image: image30.emf]6 8 10 12 14 16 18

SNR

10

-2

10

-1

10

0

B

L

E

R

 

o

f

 

e

M

B

B

 

u

s

e

r

TDLC100, 1T4R, RCE

eMBB user only

eMBB/URLLC multiplxed, MMSE-IRC

eMBB/URLLC multiplxed, MMSE-SIC

eMBB/URLLC multiplxed, MMSE-SIC, PO3

eMBB/URLLC multiplxed, MMSE-SIC, PO6

eMBB/URLLC multiplxed, MMSE-SIC, PO9

 (a) Performance of URLLC Tx, MCS14:602/1024,2       (b) Performance of eMBB Tx, MCS14:602/1024,2
Figure 2 Performance of in power control multiplexing scheme with higher MCS for both URLLC and eMBB with 7OS
In Figure 1 and Figure 2, we can see that with SIC receiver, the performance for both URLLC and eMBB only have minor lose without power boosting compared to URLLC user only. As power boosting offset increases, the URLLC performances are much improved while eMBB only have minor lost. The results indicate that power boosting can further improve the performance of URLLC UE, without much impact on the eMBB UE.
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(a) Performance of URLLC Tx, MCS0:30/1024,2       (b) Performance of eMBB Tx, MCS0:120/1024,2
 Figure 3 Performance of in power control multiplexing scheme with different low MCS for both URLLC and eMBB with 14OS
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(a) Performance of URLLC Tx, MCS0:602/1024,2   (b) Performance of eMBB Tx, MCS14:434/1024,4
Figure 4 Performance of in power control multiplexing scheme with higher MCS for URLLC and eMBB with 7OS
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(a) Performance of URLLC Tx, MCS0:602/1024,2   (b) Performance of eMBB Tx, MCS23:772/1024,6
 Figure 5 Performance of in power control multiplexing scheme with higher MCS for URLLC and high MCS for eMBB with 7OS

In Figure 3 to Figure 5, with higher MCS of eMBB, some URLLC performance loss is shown in eMBB and URLLC multiplexing case decoded by SIC receiver. eMBB performance gain is still clear with SIC receiver. However, power boosting on URLLC transmission can further improve the performance of URLLC UE.
System Level simulations
The simulation considers 2 cases of UL inter-UE Tx multiplexing between eMBB and URLLC. We evaluate the ratio of the URLLC transmissions and the throughput for eMBB transmissions. The traffic model for URLLC in all cases is FTP model 3.
· Case 1: The UL PI scheme is used for the multiplexing between eMBB and URLLC. 
· Case 2: The power control scheme  is used for the multiplexing between eMBB and URLLC. The power offset used is 6 dB.
Scenario: R15 enabled use case AR/VR URLLC target latency 1ms, reliability 99.999% and 120 packets per second (32B) 
In this scenario, we compare the schemes for the most stringent latency requirement for URLLC, i.e. 1ms latency budget. The simulation for 30 kHz SCS is performed for UL PI scheme and power control scheme on the multiplexing of eMBB and URLLC. 

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
UL PI

0.64
1.60
0.033
TPC
0.62

1.80
0.033
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Figure 7 CDF of UE Coupling loss in SLS


	R1-1900074
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. 

Proposal 1: Consider group-common signaling for UL resource indication.

Observation 2: UL rescheduling based solution has to use UE specific PDCCH to avoid collision between eMBB and URLLC, which may raise PDCCH blocking problems.
Observation 3: There are various limitation on the application of UL power control based solution.

Proposal 2: Consider UL power control based solution as a supplement of UL cancellation/rescheduling based solution in the case of UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB.
System level simulation

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
Without cancellation/rescheduling

0.3143
0.0773
0.3288
0.5490
0.8092
UL rescheduling
0.2258
0.0732
0.1857
0.4605
0.7465
UL cancellation
0.3086
0.0762
0.3191
0.5352
0.7648
Table-2: Percentage of UEs satisfying reliability and latency requirements for URLLC transmission

Percentage (%)
Without cancellation/rescheduling

87.14%

UL rescheduling

93.81%

UL cancellation

95.24%
Observation 4: UL cancellation based solution has a better performance compared to UL rescheduling based solution. 

Proposal 3: NR should support UL cancellation based solution in case of UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB. 
Observation 5: For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, UL power control based solution is a way for improving performance of grant-free URLLC transmission. 

Observation 6: For UL power control based solution, ‘UL resource indication’ should be introduced for indicating scheduled eMBB resource to URLLC UE . 
Observation 7: For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, UL resource switching based solution provides some flexibility on selection of grant free resource for URLLC transmission. 
Observation 8: A combined solution provides a further flexibility on grant-free resource selection comparing with UL power control based solution. 

Proposal 4: NR should support a combination of UL power control and resource switching in case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB. 

Observation 9: A lot of standardization effort should be made for supporting SR based solution in the case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB.
Proposal 5: 

· NR should support the following scheme for UL inter-UE multiplexing: introduce ‘UL resource indication’, in which, 

· For UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB, URLLC resource occupation can be indicated to eMBB UE for cancel of eMBB transmission; 

· For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, eMBB resource occupation can be indicated to URLLC UE for power control/resource switching of URLLC transmission. 

Observation 10: The time T between the end of UL resource indication transmission and when UE adjusts its transmission should at least be equal or smaller than N2.
Proposal 6: The reference uplink resource for resource indication is higher layer configured or predefined.
Proposal 7: NR should support the same monitoring occasion configuration for both UL RI and PDCCH for another type of traffic, more specific, 

· For UL inter-UEs multiplexing between grant-based URLLC and grant-based eMBB, monitoring occasions of UL RI 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 RI for URLLC UEs are aligned with monitoring occasions for eMBB PDCCH.
Observation 11: The reference uplink resource in the time domain for different inter-UE multiplexing cases are different.

Observation 12: A serious impact to both UL inter-UE multiplexing cases will be raised by a coarse granularity of frequency resource indication.

Proposal 8: Comparing to DL PI, a finer frequency domain indication granularity should be supported in UL resource indication. 

	R1-1900131
UL inter UE Tx prioritization for URLLC
vivo

	Observation 1: dynamic prioritization of URLLC UL is beneficial with improved resource utilization.
Proposal 1: Dynamic UL indication for eMBB UEs to cancel a previously scheduled UL transmission is supported.
Observation 2:  PDCCH carrying UL cancellation indication has less standardization impact than introducing a new DL signal for UL cancellation indication.

Proposal 2: For group common DCI for UL cancellation 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: UL cancellation indication can be indicated to eMBB UE by UE-specific DCI 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: NR considers enhancement of dynamic power control indication when SRI field is not present.
Proposal 16: 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.
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Figure 4: BLER performance of URLLC UE with MCS 0, without multiplexing or with power offset of eMBB
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Figure 5: BLER performance of URLLC UE with MCS 6, without multiplexing or with power offset of eMBB
Observation 3: 

· With conservative MCS at 10^-5 BLER target, there are similar performance for URLLC between UL cancellation and UL power control method.

Observation 4: 

· With higher MCS at 10^-4 BLER target, there is about 0.5 dB gain of URLLC performance from UL cancellation, comparing to UL power control with 3dB power offset.

· With higher MCS at 10^-4 BLER target, there is about 1.8 dB gain of URLLC performance from UL cancellation, comparing to UL power control with 0dB power offset.

Observation 5: 

· With higher MCS at 10^-5 BLER target, there is about 1.2 dB gain of URLLC performance from UL cancellation, comparing to UL power control with 3dB power offset.

	R1-1900165
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 In Rel-16, consider group-common signalling for UL pre-emption indication.
Proposal 3 Study the appropriate monitoring periodicity of group-common signaling for indicating UL pre-emption.
Proposal 4 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)In Rel-16, consider a monitoring periodicity of once per symbol for group-common signaling to indicate UL pre-emption.
Proposal 5 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 6 In Rel-16, support new UE capability with shorter processing time than Rel-15.

	R1-1900212
Inter-UE uplink Tx 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.
Observation 5: Uplink PI suffers from several issues, including limited eMBB processing time/blind decoding, lack of use in TDD duplex mode, no use with grant-free URLLC, high signaling overhead in DL control resources. 

Proposal 2: UL preemption indication is not supported. 

Table 4 Evaluated cases of potential schemes in SLS for uplink multiplexing between eMBB and URLLC

Reference

Power control-1

Power control-2

Preemption indication-1

Preemption indication-2

No scheme applied

TPC values are

 [-3, -1, 1, 3] dB

TPC values are 

[-5, -3, -1, 1, 3, 5] dB

All eMBB UEs can decode PI

Only half of eMBB UEs can decode PI

Figure 3 below shows SINR distribution results.
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Figure 3: CDF of URLLC and eMBB SINR (in terms of per-PUSCH and cumulative after HARQ soft-combining).
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Figure 4: Statistics of TPC values used by preempting URLLC UEs with range [-3, 3] dB (left) and [-5, 5] dB (right)
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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 6: 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)
Table A: SLS parameters.

Parameters
Value
Simulation time
5 seconds

Channel model

TDL-C (300 ns rms)

Number of eMBB UEs per cell

10

Number of URLLC UEs per cell

10

URLLC subcarrier spacing

30 KHz

eMBB subcarrier spacing

30 KHz

Number of eMBB antennas

2

Number of URLLC antennas

2

Number of gNB antennas

4

Channel coding

LDPC

eMBB coding rate

2/3

URLLC coding rate

1/3

HARQ combining

Chase combining

Maximum HARQ re-transmissions per TB

3

CSI estimation

Ideal

gNB receiver

MRC

URLLC traffic

ftp model 3 with 2ms arrival interval

eMBB traffic

ftp model 3 with 1ms arrival interval

K2 parameter for eMBB
12 symbols

K2 parameter for URLLC

5.5 symbols

eMBB PUSCH TD allocation

Type-A, 14 symbols

URLLC PUSCH TD allocation

Type-B, 4 symbols

Total available bandwidth

100 MHz

eMBB PUSCH FD allocation

Contiguous, between 60-100 MHz

URLLC PUSCH FD allocation

Contiguous, between 10-50 MHz

gNB PUSCH decode time (for re-tx timing)

1.5 * (PUSCH length)

PI monitoring periodicity

2 symbols

PI processing time (for eMBB UEs)

2 symbols

Power control

Absolute only (no accumulation)

TPC step sizes (for URLLC UEs)

[-3, -1, 1, 3] dB



	R1-1900256
Discussion on UL preemption indication
Fujitsu

	Proposal 1. The non-slot level monitoring of the UL preemption indication would be required for eMBB UEs.

Observation 1. The time 
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 of the eMBB UE processing the UL PI and preparing for the PUSCH cancellation should be smaller than or equal to the time 
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 of the URLLC UE processing UL grant and preparing for the PUSCH transmission, i.e., 
[image: image46.wmf]eMBB

Proc,3

T

[image: image48.png]



[image: image49.wmf]URLLC

Proc,2

T

.

Observation 2. UE only need to monitor UL PI in a period of time after receiving an UL grant.

Proposal 2. Considering eMBB UE power consumption, introduce an UL PI monitoring window for NR eURLLC.
Proposal 3. A group-common signaling is recommended for UL PI to reduce the signaling overhead.

Proposal 4. Higher aggregation level, PDCCH repetition, and coarser granularity can be considered to enhance the reliability of the UL PI.



	R1-1900286
Consideration on UL inter UE Tx prioritization and multiplexing
 OPPO

	Observation1 For small payload and moderate false alarm, sequence based signaling provides better performance and about 3-5dB gain.
Observation2 24-bit CRC of DCI is overdesign for small payload and moderate false alarm.
Obeservation3 Sequence based signaling is easier and faster to detect and has limited specification and implementation impact. 
Observation 4 Group common DCI still has specification and implementation impact, e.g increase PDCCH detection capability.
Proposal 1: Both sequence based signaling and group common DCI can be considered to indicate UL preemption.
Observation 5 The processing time to stop eMBB transmission is shorter than the processing time for URLLC to decode PDCCH and prepare PUSCH.
· If sequence based signaling is applied, processing timeline for detection preemption indication is smaller than PDCCH detection.

· If transmission cancellation is performed by RF chain only, then ON/OFF time mask defined in 38.101(10us) can be referred as processing timeline for reaction to cancelation indication.

Observation 6: To stop eMBB transmission promptly, frequent monitoring for UL preemption indication is required, however
· Short processing timeline to stop eMBB transmission can relax frequency of UL preemption monitor.
· UL preemption monitoring is conditional, not always.
Observation 7: UL continuation indication is very similar to sequence based signaling but require low false alarm.
Proposal 2: UL grant for re-scheduling can be reused as preemption indication, which can avoid additional signaling design and overhead.
Observation 8: Grant free mechanism is low efficiency and efficiency improvement is necessary.
Proposal 3: Multiplexing of grant free transmission and grant based transmission is one effective way to improve efficiency of grant free mechanism.
Proposal 4: Grant free plus SR can be considered due to it is good tradeoff between latency and system efficiency

Observation 9: Power control is not high efficiency and can be used in limited scenario.
Proposal 5: Rel-15 power control mechanism can solve URLLC and eMBB multiplexing to some extent.

	R1-1900335
Considerations 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). 

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. 

Observation: UL interruption can be achieved by transmitting a subsequent PDCCH re-scheduling a PUSCH transmission.

Observation: UL interruption indication should be transmitted with high reliability to avoid interference to a URLLC transmission if an already scheduled non-URLLC UE misses the interruption indication. 
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.

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. 

	R1-1900351
UL inter-UE Tx prioritization 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: Support gNB to apply separate power setting for the eMBB UE’s UL transmission over preemptable resources to enable different EPRE.

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

	Proposal 1: Upon scheduling an UL transmission over the resources overlapping with UL configured grant resources, the base station sends an indication for the users configured with configured grant transmissions, informing them of the resource overlap. The overlap indication includes the time-frequency resource scheduled dynamically having an overlap with the CG resource.

Proposal 2: Upon scheduling a transmission over the resources overlapping with configured grant occasions, the overlap indication from the base station indicates that the CG transmissions having overlap will have explicit HARQ feedback structure. 

Proposal 3: Upon scheduling a transmission over the resources overlapping with configured grant occasions, the overlap indication from the base station can indicate that the users transmitting over overlapping CG resources should transmit a scheduling request for the transmitted transport block. 
Proposal 4: The gNB can send a dynamic indication to eMBB UEs enabling them to listen to pre-emption indication. This dynamic indication can be sent in the UL grant DCI.

	R1-1900374
Considerations on inter-UE transmission multiplexing & prioritisation
sony

	Observation 1: There is an impact region, i.e. a time window, within a PUSCH transmission, in which an UL PI can be used to change (e.g. mute) a PUSCH transmission after it has been scheduled.

Observation 2: The first UL PI can start NPI (UL PI processing time) prior to the start of the eMBB PUSCH transmission.

Observation 3: The periodicity of the UL PI monitoring period can be larger than the scheduling interval of URLLC (mini-slot) whilst still being able to mute a scheduled eMBB PUSCH at any point during its transmission.

Observation 4: The UL PI requires only 1 bit, which can be implemented as a sequence that can have high reliability and short processing time.
Proposal 1: If UL PI is specified, the UL PI monitoring parameters, i.e. first UL PI location, periodicity and last UL PI location, are configured implicitly or explicitly by the network.

Proposal 2: The UL PI is implemented as a sequence, where an UL pre-emption is indicated if this sequence is detected.  The absence of this sequence indicates no UL pre-emption.

Proposal 3: The UE detecting an UL PI sequence would cancel its PUSCH transmission or mute a pre-defined time period of its PUSCH transmission.

Proposal 4: Power boosting of URLLC PUSCH transmission is implemented as a power offset that is indicated dynamically in the UL grant.

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.

	R1-1900417
Discussion on UL inter UE Tx prioritization/multiplexing
CMCC

	Proposal 1: It is beneficial to support UL inter-UE Tx prioritization/multiplexing of transmission with different reliability requirements.

Proposal 2: UL grant scheduling retransmissions for eMBB UE serves as the UL pre-emption indication.

Proposal 3: 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 shall not map 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.



	R1-1900497
On enhancements to inter-UE multiplexing
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.
Observation 1
· The use of dynamic power boosting of higher priority URLLC transmissions as means for inter-UE UL multiplexing has limited feasibility when considering inter-cell interference in networks operating at or near capacity. 

· The gains from using dynamic power boosting of higher priority URLLC transmissions over orthogonal resource partitioning/reservation in scenarios when dynamic power boosting is feasible are limited. 
Observation 2
· Dynamic reduction of eMBB power is more appropriately classified as a generalized form of interruption indication and should be discussed in that context rather than power control techniques.

Observation 3:  

· One or more of the following existing approaches can be used to protect UL URLLC initial and/or re-transmissions based on configured grant from imminent overlap with other transmissions:

· Configuring UE to monitor format 2_2, to adjust TPC commands

· Transmission of reactivation DCI (e.g., for type 2) to update time-frequency resources

· Transmission of re-transmission grant (e.g., grant-free to grant-based switching)

· Resource reservation

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

· FFS: Support of L1 indication to modify other UL transmissions, such as PUCCH, SRS, PRACH.
· Carrier frequency 4 GHz, 10 MHz BW, 15 kHz SCS

· 10 PRB UE allocation, random UE scheduling, full buffer assumption

· eMBB load is 100%

· URLLC load is varied as 1%, 10%, 50% probability of occurrence in a cell at a time

· Power control: alpha = 0.8, P0 set to achieve target SNR

· eMBB power setting is according to target SNR = 10 dB

· URLLC power setting is according to target SNR = 15 dB

· Collision assumptions

· Case 1: URLLC, if appears, always overlaps with another eMBB transmission in a cell

· Case 2 (“Hybrid multiplexing approach”): URLLC, if appears, may overlap with another eMBB transmission in a cell if URLLC is not in power limited regime. This emulates the case, where gNB may reserve exclusive resources for URLLC in order to avoid strong intra-cell collisions or cater to URLLC UEs in link budget-limited conditions.
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Figure 1. PUSCH SINR distribution, Power Distribution scenario.


	R1-1900595
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.



	R1-1900636
Dynamic resource sharing for UL inter-UE multiplexing between eMBB and URLLC
China Telecommunications

	Observation 1: Option 1 can avoid interference between URLLC and eMBB, but UE may need to support shorter processing time and monitor PDCCH more frequently. In addition, option 1 may not work properly when URLLC traffic is based on UL grant-free transmission.
Observation 2: Option 2 can support UL grant-free based URLLC transmission, and the burden of shorter processing time and frequent PDCCH monitoring can be relaxed. But the fundamental drawback of option 2 is that URLLC transmissions would suffer from the interference originating from eMBB transmission of other UEs.
Proposal 1: UL inter-UE multiplexing with dynamic resource sharing between eMBB and URLLC should be supported.
Proposal 2: At least, option 1, i.e. eMBB UE cancels UL transmission when an indication is detected, should be supported.
Proposal 3: For option 1, group-common DCI can be considered for UL cancelation/pausing indication. UL continuation indication can be either group-common DCI or UE specific DCI, while UE specific DCI can re-schedule the UL transmission.

	R1-1900639
Views on pre-emption for UL inter/intra UE Tx multiplexing
Mitsubishi Electric Corp

	Observation 1: Repetitions of PUSCH in URLLC over multiple slots should be discussed.


Observation 2: Pre-emption rules should be considered for different length of slot/non-slot
Observation 3: Pre-empted resources in UL eMBB transmission should be located between frontloaded DMRS and additional DMRS, if additional DMRS is present to prevent dropping DMRS


 REF Prop5 \h 

Observation 4: Whether RS or PUCCH can be pre-empted in UL transmission should be discussed.


 REF Prop1 \h 

Proposal 1: NR supports UL pre-emption when handling UL multiplexing with different reliability requirements


 REF Prop2 \h 

Proposal 2: Pre-emption request can be used to allocate blank resources during UL eMBB transmissions


 REF Prop3 \h 

Proposal 3: Pre-emption request can be used instead of scheduling request


 REF Prop4_1 \h 

Proposal 4: Symbol-level pre-emption should be studied

Proposal 5: For a UE supporting URLLC, if the UE receives a dynamic grant scheduling PUSCH which postpones transmission of PUSCH scheduled by an earlier received grant, the UE follows the later received grant and the previously scheduled PUSCH is dropped or transmission of the previously scheduled PUSCH is stopped
Proposal 6: Study how active BWP can be switched in the middle of eMBB transmission to transmit URLLC data in a different BWP

	R1-1900676
On NR URLLC UL inter UE Tx prioritization/multiplexing
Panasonic

	Observation 1: 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 2: 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 3: 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 partial time-shift of remaining eMBB transmission to next slot.

Observation 4: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will allow to reduce the DMRS overhead and provide more flexibility in terms of DMRS configurations, which are not possible currently in NR Rel. 15.

Observation 5: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will also allow to reduce the overall latency and make the resources available for other URLLC/eMBB traffic in the pipeline.

Observation 6: For low-latency applications, DCI-based inter-BWP hopping is not suitable, as it will increase the latency due to the decoding of DCI in order to switch/hop between different BWPs.
Proposal 1: In NR URLLC grant-based UL in Rel. 16, support both cancel & stop and cancel & continue techniques for eMBB UL cancellation/pre-emption.

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 case of DCI format 0_0, new RNTI (MCS-C-RNTI) or new MCS table (MCS index table 3 for PDSCH or MCS index table 2 for PUSCH) is used to differentiate open-loop parameter sets.
Proposal 5: In case of grant-free PUSCH, certain L1 identification mechanism is needed to implicitly signal URLLC UL power boosting.

Proposal 6: 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 7: For LTE-NR dual connectivity, the priority rule between NR URLLC and LTE should be revisited.


	R1-1900683
Considerations on UL inter-UE multiplexing for URLLC
Sequans Communications

	Proposal 1: it is proposed to study the feasibility of joint power and repetition control for UL inter-UE multiplexing for URLLC.
Proposal 2: it is proposed to enhance the SR-response procedure so that it can be used by URLLC services and following options can be considered: 

A) SR based transmission is used for URLLC with resources and most parameters pre-configured;

B) RACH-like channel is used for SR and different UE’s SR resources can be shared.
Proposal 3: it is proposed to introduce cancelation indication in case of multiplexing of eMBB and URLLC UEs in UL and following options can be considered: 

A) A group common DCI can carry the cancelation indication

B) An eMBB UE is addressed by a cancelation ID which is temporarily allocated with UL Grant

C) eMBB UEs monitoring the UL PI are classified into two types, one type with good channel quality interpret the indication as cancelation indication and the other type with bad channel quality interpret the indication as continuation indication. 

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



	R1-1900689
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 further studied as UL cancelation mechanisms.
Proposal 4: Further study for feasibility of the stop-and-resuming approach.
Proposal 5: Further study for the UCI timing if eMBB PUSCH is cancelled.
Observation 3: Current UE behaviour with the wise scheduling can support the orthogonal allocation between GF PUSCH and GB PUSCH when eMBB traffic is not dense.

	R1-1900710
Discussion on UL inter UE Tx prioritization multiplexing
Spreadtrum Communications

	For UE UL cancelation mechanisms:
Proposal 1.
Same UE processing timeline as dynamic SFI based UL cancellation is applied.

Proposal 2.
Settings of UE monitoring periodicity should regard SCS, UE cancellation timeline and signalling delay etc.

For UL power control:
Proposal 3.
Power boosting indication can be contained in UL grant or group common PDCCH such as DCI format 2-2 before URLLC transmission and this advance schedule should satisfy UE processing timeline.


	R1-1900747
Considerations on URLLC UL Inter UE Tx prioritization/multiplexing
Apple Inc.

	Observation 1: For UL service multiplex with URLLC UE, it is beneficial to allow mechanism for gNB to preempt the UL transmission in order to ensure the URLLC latency and reliability requirement.

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  



	R1-1900806
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 supports 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: The Rel-16 NR should support mini-slot level monitoring periodicity of preemption indication  
Proposal 4: The Rel-16 NR should support dynamic resource sharing between eMBB UL and URLLC UL from different UEs using UL pre-emption indication in PDCCH for grant-based transmission.



	R1-1900815
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.

	R1-1900900
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. 

Proposal 3: The support for ULPI is based on a UE capability for Rel. 16 eMBB users. 

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.
System level simulations

Table 5-I: 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-II: 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

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 power boosting is less efficient than wideband power allocation and incurs higher IoT.

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

Observation 13: Narrowband URLLC with power boosting has worse performance than wideband power allocation, with or without ULPI.
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Figure 10: 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.

Link level simulations
Then, we consider the following cases:

· eMBB with ULPI: In every transmission, two consecutive symbols are chosen at random and preempted. 

· eMBB with PB: In every transmission, two consecutive symbols are chosen; it is assumed that on those symbols the eURLLC received power is 3dB higher than eMBB. 
[image: image52.jpg]Throughput (Mbps)

30

25

20

—6—ULPI, MCS10
—%—ULPI, MCS17
—6—ULPI, MCS25
-©-PB, MCS10
- % -PB, MCS17
- ¢ -PB, MCS25

X

pREZSESESE:

20

25




Observation 14: From the link-level performance evaluations, the eMBB performance with ULPI significantly outperforms the performance of eMBB with eURLLC power boosting.

	R1-1900931
Solution for UL inter-UE multiplexing between eMBB and URLLC
Nokia, Nokia Shanghai Bell

	· Proposal 1: A network-controlled uplink scheduling mechanism allowing to put longer ongoing uplink transmissions on temporary standby (i.e. suspend and resume) should be standardized for NR Rel-16 to enable quickly unleashing uplink transmission resources for latency critical traffic. 

· Proposal 2: The gNB should be able to configure some (e.g. eMBB) UEs with higher-layer signaling  to monitor for uplink preemption indication following the existing Rel-15 framework for search space configuration (including symbol-level monitoring).
· Proposal 3: Use group common DCI to carry UL pre-emption indication. The uplink preemption indication message is at least to include the start time of the PUSCH suspend. The duration of the suspend may be signaled dynamically, or pre-configured via higher-layer signaling.
· Proposal 4: The processing time for UE receiving the uplink preemption indication message until it puts its ongoing (eMBB) transmission on pause shall be less than or equal to corresponding processing time for UE capability 2 for decoding UL scheduling and preparing the corresponding PUSCH transmission (N2). 

· Proposal 5: 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 6: 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.

We also observed the following:

· Observation 1: The decoding error probability for the detection of the pause-resume signal message on the PDCCH is controllable by the gNB via setting of the used aggregation level and potential use of power boost (similarly as for PDCCH scheduling grants). The impact of decoding errors of the pause-resume signal on the URLLC PUSCH error probability is acceptable or sometimes negligible as long as its error probability is no larger than the error probability of the URLLC PDCCH.
· Observation 2: For cases with multiplexing of eMBB and CG URLLC, it is a gNB choice whether to have the two services served on same (overlay) or separate (non-colliding) resources. In case of overlay resources, the performance can to a certain extent be tuned for those cases by usage of differentiated UE power control settings for URLLC and eMBB transmissions (but harmful eMBB interference for URLLC still exists).
· Observation 3: Use of differentiated UL TPC settings for eMBB and URLLC UEs, and differentiated TPC settings for scheduled PUSCH and CG PUSCH within a single UE is supported in Rel-15, and hence is readily available. 
System level simulations for Rel-15 enabled use case (urban macro scenarios)
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Fig. 3: Outage probability with low URLLC load (10 UEs per cell).
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Fig. 4: Outage probability with high URLLC load (300 UEs per cell).

Given the presented system-level performance results, we draw the following observations:

· At low URLLC traffic loads (10 users per cell):

· The URLLC target can be achieved with one overlaying eMBB user, if eMBB is operated with 5 dB lower Po value than the URLLC users. The lower Po value for the eMBB user comes at a cost of lower performance for eMBB.

· When two simultaneous MU-MIMO multiplexed eMBB users are present, the URLLC target is no longer achieved (not even when the 5dB lower Po is used for eMBB).

· If URLLC and eMBB uses the same TPC settings, the URLLC outage probability increases with a factor 10 to 100.

·  At high URLLC traffic (300 users per cell):

· The URLLC target is only achieved when no eMBB users are presented.

· In the presence of overlaying eMBB traffic, the URLLC outage probability increases to 1e-4 to 1e-2.

Given these findings, we draw the following conclusions on the performance:

· 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.

· 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.

· Presented performance results therefore confirm our hypothesis that it is beneficial to avoid eMBB transmission to overlap with URLLC transmissions. Thus, it would be beneficial to also standardize pause-resume (aka uplink suspend) of eMBB transmissions that would otherwise collide with scheduled URLLC transmissions. 
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· Coupling gain distribution on 3D UMa, 4GHz, 500m ISD, 100% outdoor.



	R1-1900941
UL inter UE Tx prioritization/multiplexing for URLLC operation
Motorola Mobility, Lenovo

	Proposal: If any form of UL pre-emption (including rescheduling eMBB PUSCH) is used for an eMBB UE,  it should be further studied how to address the case that the eMBB UE has URLLC UL transmission colliding with pre-empted period.

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

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

· Study further the specification impacts and benefits of each option for UL cancellation indication. Select option 1-1 as the possible solution to be considered.
· UL cancelation indication. When UE receives the cancellation indication, the UE cancel the whole of the remaining eMBB UL transmission.
Proposal 3:

· Study further details on inter-UE Tx prioritization/multiplexing between a eMBB grant-based UL transmission from a UE and a URLLC grant-free UL transmission from another UE.

· Support cancellation indication and multiple grant-free configurations on frequency domain for URLLC UE.

	R1-1901012
On UL inter-UE multiplexing for eURLLC
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.

	R1-1901070
Uplink inter UE multiplexing/prioritization for enhanced URLLC
Samsung

	Proposal 1: UL pre-emption indication for an eMBB UE to cancel PUSCH/SRS transmissions is not further studied.

Proposal 2: Study whether any enhancement to Rel-15 power control is needed for URLLC UEs.
Observation 1: Power control shows improved average eMBB spectral efficiency relative to UL pre-emption indication by about 15% (under ideal assumptions for UL pre-emption indication).

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

Observation 3: If some eMBB UEs do not support pre-emption indication monitoring in the simulation, performance results for pre-emption indication will be worse than the values in Table 2.

Observation 4: For non-zero processing time for per-emption indication in the simulation, performance results will be worse than the values in Table 2.
Observation 5: If blocking events between pre-emption indication for eMBB UE(s) and UL grant for URLLC UE(s) are also considered, performance results for pre-emption indication will be worse than the values in Table 2.
Table 2. Performance evaluation results 

Percentage of users satisfying reliability and latency requirements
Average eMBB spectral efficiency
Power control

90.3%
0.7751 bps/Hz

UL pre-emption indication (ideal)
92.5%
0.6571 bps/Hz

Table 4. Target use case
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
2 ms air interface latency
UL:

100 bytes
ftp model 3 with arrival interval 100 ms

Power distribution grid fault and outage management
Table 3. SLS evaluation assumptions

Power distribution (4GHz)

Layout
7 cell Hex. Grid (single layer)
Inter-BS distance
500m
Carrier frequency

4 GHz

Channel model 

UMa in TR 38.901

UE Tx power
23dBm

BS antenna configurations
4 Tx/4 Rx antenna ports 

dH = 0.5λ, dV = 0.8λ;

For 4 Tx/4 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2)
102 degree for antenna tilt
BS antenna height
25m

BS antenna element gain + connector loss
8 dBi

BS receiver noise figure
5dB

UE 

ntenna configuration

2 Tx/4 Rx antenna ports
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

For 4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 

For 2 Tx: (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)
UE antenna height
1.5m

UE antenna gain
0dBi 

UE receiver noise figure

9 dB

Total transmit power per TRxP

49 dBm 

BS receiver
MMSE-IRC 
Simulation bandwidth 

40 MHz
SCS 

30 kHz
UE distribution

100% of users are outdoors 

Use 3km/h for modeling fading channel
Re-dropping for URLLC UE
UE power control
P0 = -100 dBm and alpha = 1.0
eMBB traffic model
FTP model 3 with 0.5 Mbytes 
Number of UE in a cell
10 URLLC UEs 

10 eMBB UEs 
Resource utilization

52%
Simulation time

10000 slots

Generated URLLC packets

About 1500 during simulation time



	R1-1901099
Discussion UL Inter UE Tx multiplexing
III

	Observation 1. The cancelation indication can be sent by PDCCH.
Observation 2: Monitoring period should 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.


�Updated offline





6

_1609058347.unknown

_1609058349.unknown

_1609058350.unknown

_1609058348.unknown

_1234567890.unknown

