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1 Introduction
The document provides a summary based on the contribution submitted to agenda item 7.2.6.3.
2 Outcome from Tuesday offline discussion

Offline consensus 
· 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.

Offline consensus
· 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.

3 Summary
3.1 Target use cases for evaluation
Offline consensus 
· Use cases with aperiodic traffics are to be prioritized for the evaluation of inter-UE multiplexing. Periodic traffics are 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.

3.2 Companies’ general view

1. On UL cancelation mechanisms

Following companies are supportive to UL cancelation mechanisms, although design preference may be slightly different, e.g. UL cancelation indication, UL continuation indication, UL re-scheduling indication, etc.
· (23) Ericsson, LG, ZTE, vivo, Panasonic, Fujistu, Sony, Nokia, Intel, China Telecom, OPPO, Spreadtrum, CMCC, China Unicom, Sharp, IDC, QC, NTT DOCOMO, Potevio, III, Sequance, Mitsubishi, KT
Following companies are negative to any UL cancelation mechanism (3)
· Huawei
· The benefits of UL PI are questionable and should not be supported in Rel-16
· MediaTek
· Uplink preemption indication should not be considered in Rel-16 unless URLLC performance can be guaranteed to achieve its minimum L1 latency requirement.
· Further enhancements should be investigated for power control and re-scheduling methods in Rel-16 to improve UL dynamic multiplexing between eMBB and URLLC.
·  Samsung
· UL pre-emption indication for an eMBB UE to cancel PUSCH/SRS transmissions is not further studied.
Observation from company proposals: A majority of companies proposed to support an UL cancelation indication for UE to cancel on-going or planned UL transmission, in order to enhance the UL inter-UE multiplexing of different latency and reliability targets. 
	Company
	View

	Huawei
	We would like to emphasize, that still a careful evaluation of inter UE multiplexing is needed in order to assess the performance gains compared to Rel15 mechanisms, the potential drawbacks and the specification efforts. This is according to agreement from last meeting: 
· 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.

Please note, that the agreement also states that the same use cases and scenarios as for the L1 enhancements shall be used. They have not been concluded yet but are also needed for the evaluation of UL inter multiplexing. 

The different solutions for UL PI which are proposed by companies have impact on other topics (e.g. PDCCH enhancements, more aggressive UE capabilities (N3<N2),  modified search space monitoring). In order to justify the support of a candidate scheme, it should show clear benefits over its costs. Aspects that should be included in such an evaluation are for example a mix of eMBB UE capabilities, possible PDCCH enhancements, UE complexity, control overhead, applicability on grant-free and standardization impact. 

	OPPO
	 UL PI is benefit to reduce latency for URLLC and provide better system spectrum efficiency, which is benefit for both URLLC and eMBB. However, UL PI increases UE complexity, especially for eMBB UE. Therefore, potential candidate schemes need to be evaluated and studied  in terms of UE complexity firstly, then decide whether to support UL PL.

	Sony
	I understand that from last meeting the impact to eMBB UE was a concern and perhaps this should be addressed.


2. On UL power control enhancements
· Study whether any enhancement to Rel-15 power control is needed for URLLC UEs (Samsung, ASUSTeK)
· Rel-15 UL power control is sufficient, do not consider UL power control enhancement. (Nokia, Intel)
· For dynamic power control scheme

· Dynamic indication of power control parameters (Huawei)

· More step sizes to the dynamic TPC table for finer granularity with power boost/back-off. (Mediatek, Huawei)
· Power reduction indication should be given in advance to satisfy UE processing timeline. (Spreadtrum)
· Dynamic power control is a special case of UL PI. (Intel, CATT)
· Do not consider enhancements to dynamic power control (ZTE)

· Dynamic transmission power reduction to portions of eMBB PUSCHs is infeasible due to phase continuity issue. (Qualcomm)
· Performance considerations

· URLLC UE may not have headroom to boost power: CATT, Qualcomm

· URLLC UE power boosting will increase the interference level: CATT, Qualcomm

· Semi-static transmission power reduction of eMBB UEs degrades the URLLC performance. China Telecom, Qualcomm

· Semi-static transmission power reduction significantly impacts the eMBB performance Qualcomm
Observation from company proposals: Diverged views on UL power control enhancements. Further discussion during the meeting. 
Offline consensus
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. 
· eMBB UE power control scheme is not changed in this study.

	Company
	View

	Huawei
	On this scheme we have the same comment as for the “UL cancellation”, we need first to define on common evaluation framework to make the assessment. 
Just for clarification of the observation: with “diverged views”, what is meant by it? Does it mean that different companies have different designs in mind? 

	OPPO
	Rel-15 UL power control is sufficient, do not consider UL power control enhancement.


3.3 Design aspects of UL cancelation mechanisms (if supported)
1. L1 channel/signal used for UL cancelation indication
· PDCCH based: (20)Ericsson, LG, ZTE, vivo, Panasonic, CATT, Fujitsu, Nokia, Intel, China Telecom, Spreadtrum, CMCC, China Unicom, Sharp, IDC, Qualcomm, NTT DOCOMO, Sequance, Mitsubishi, KT

· Sequence based: (2) Sony (only 1 bit information is required), OPPO (better reliability and lower decoding complexity)

Observation from company proposals: A majority of companies propose to use PDCCH to indicate the UL cancelation.
Proposal 1: if introduced in Rel-16 an UL cancelation indication is transmitted on a PDCCH . 
	Company
	View

	Huawei
	Before going into these details, we should make the evaluation of the schemes. The evaluation should also consider the pro’s and con’s of PDCCH-based UL PI signalling.  

	OPPO
	Before making decision, we should make full evaluation of the schemes. The evaluation should also consider the pros and cons of all candidate schemes in terms of processing time, reliability and complexity.

	Sony
	I do agree with Huawei that we should evaluate UL PI and also spell out the assumptions required for evaluation.  For this aspect, it will be good to provide the time it takes to read the DCI containing UL PI compared with detecting a sequence since this will affect the performance of the UL PI.  For example we show that if the processing time is short we can get away with longer UL PI periodicity.


2. Processing time for UL cancelation indication

· Same UE processing timeline as dynamic SFI based UL cancellation: Spreadtrum
· Processing time of less than N2 supported by Rel-15 UE

· (10) Ericsson (at least for stop without resume), LG (equal or less than N2 supported by capability #2 UE) , ZTE (equal or less than N2), vivo (at least less than baseline N2), Panasonic (always less than N2), CATT (no larger than N2 of URLLC UE), Fujitsu (equal or smaller than the N2 of URLLC UE), Nokia (equal or less than N2 supported by capability #2 UE), China Telecom (shorter processing time), QC (smaller than N2 supported by capability #2 UE),
· Methods to improve the processing timeline
· UE Only needs to mute the transmission and is not required to prepare a UL transmission thus processing time of less than N2 is feasible (Ericsson)
· PDCCH for UL PI can be configured with a small number of candidates and non-overlapping CCEs for channel estimation. (QC)

· Use of sequence based indication (Sony, OPPO)

Observation from company proposals: A majority of companies propose that the processing time for UL cancelation indication is equal or smaller than the N2 value defined for Rel-15 capability #2 UEs.
Proposal 2: If introduced in Rel-16, the processing time for UL cancelation indication  of equal or less than N2 value defined for Rel-15 capability#2 UEs would be required. FFS methods to reduce the processing time. 
	Company
	View

	Huawei
	We think it is too early to decide this now.

	OPPO
	To stop interference from non-latency critical transmission, processing time of less than N2 of capability 2 is needed. However, whether and how to meet the above processing time requirement for capability 1 UE needs to studied. Note that capability 1 may be typical for UE supporting eMBB only.

	Sony
	Here we seemed to agree on using DCI to carry UL PI first before working out the processing time.  Shouldn’t it be to see what the processing time is required to give the gain/complexity then see if a DCI is suitable?


3. Monitoring aspects for UL cancelation indication
· Monitoring periodicity
· Mini-slot level:  (16) Ericsson, LG, vivo, Panasonic, CATT, Fujitsu, Sony, Nokia, Intel, China Telecom, Spreadtrum(depends on SCS), IDC, QC, III (with adjustable monitoring periodicity), Mitsubishi, KT
· Slot level:  (3) LG (slot level monitoring also have benefit), vivo, Spreadtrum (depends on SCS)
· Configurable (NOTE: Periodicity of UL PI can be larger than that of URLLC scheduling interval): Sony
· Triggering of monitoring:
· UE only monitors for the L1 indication subsequent to receiving an UL grant : Fujistu, Intel, Sharp

· The first UL PI can start NPI (UL PI processing time) prior to the start of the eMBB PUSCH transmission: Sony
· Monitoring capability for UL PI (e.g number of BD, CCEs)
· Rel-16 eMBB UEs should not be required with higher PDCCH monitoring capabilities than Rel-15 ones: Samsung, CATT (at least for non-URLLC capable UEs)

· At least increased number of non-overlapping CCEs: vivo
Observation from company proposals: A majority of companies propose that the mini-slot monitoring should be supported for UL cancelation indication (if supported). 
Proposal 3: Mini-slot monitoring would be required for UL cancelation indication. Slot based monitoring is not precluded. 
	Company
	View

	OPPO
	Mini-slot monitoring is supported for UL cancelation indication. Monitoring capability, especially for non-overlapping CCE, needs to be enhanced (if PDCCH based UL PI is supported). Therefore, how to reduce additional monitoring complexity needs to be studied, such as conditional monitoring, simpler signalling design.

	Sony
	Our proposal is to allow this to be configurable because we shown that the monitoring period for UL PI does NOT need to be as frequent as a mini-slot if we can reduce the processing time of the UL PI.  Hence, we believe that it will be good to firstly look into what is required of the processing time, what is acceptable in terms of monitoring periodicity for the eMBB UE and the gain before agreeing on a mini-slot monitoring period.


4. Signalling methods for UL cancelation
· Group common signalling: 

· (12) Ericsson (similar to DCI format 2_0 or 2_1), LG, ZTE (reuse DCI format 2_2 with 1 bit per UE), vivo, Panasonic, Fujitsu, China Telecom (for UL cancelation/continuation indication), China Unicom, IDC, Qualcomm, Sequance, KT
· UE specific signalling (5)
· UE-specific DCI for re-scheduling: vivo, Intel, China Telecom

· UL grant scheduling retransmissions for eMBB UE serves as the UL pre-emption indication. CMCC

· Reliability of UL cancelation indication

· Use compact DCI : vivo, Panasonic, Fujitsu

· Higher aggregation level: vivo, Fujitsu, Nokia

· PDCCH repetition: Fujitsu

· PDCCH power boost: Nokia
· 10-5 reliability can be achieved by AL=4 transmission: QC

Observation from company proposals: A majority of companies propose to use group common signalling for UL cancelation indication (if supported). 
Potential signalling methods for UL cancelation indication

· Group common signalling
· UE specific signalling 
	Company
	View

	Huawei
	It is too early to conclude, more study is needed. Both schemes have their own characteristics that should be more carefully evaluated. For example which AL has to be used in both schemes, how many eMBB UE are affected by one pre-emption.  

	CATT
	As discussed in our contribution another aspect is the reliability of the UL cancellation signaling since the impact of a missed cancellation is not the same as the impact of a missed PUSCH assignment.

	OPPO
	Sequence-based signalling is one of group-common signalling, so sequence-based signalling should be included to improve reliability of UL cancelation indication. 

For UE specific signalling, it does not increase PDCCH overhead for UE supporting both URLLC and eMBB. For group common specific signalling, it is more effective for multiple UE to stop transmission. Therefore, if we cannot identify significant advantage of any scheme, both schemes need to be further studied.

	Sony
	The rationale for group common in DL PI is because the URLLC is expected to occupy a large bandwidth thereby interfering multiple UEs.  However in the uplink this is not the case since the UE power is limited and therefore better to have high PSD than to spread the power (i.e. lower PSD) over a large bandwidth.   The benefit of high PSD using small bandwidth is shown to be more reliable than spreading the PUSCH over large bandwidth in eMTC and NB-IoT, which is why we introduced subcarrier PUSCH transmission in these features.  Hence, we do not expect UL URLLC UE to interfere with multiple UEs and we can therefore design an UL PI that is much simpler and smaller (i.e. no need to tell where the URLLC is which suffers from ghost pre-emption and granularity issues as in DL PI).


5.  UE behaviour upon receiving UL cancelation indication
· Stop without resume 
· (8) Ericsson (depends on UE capability), LG (for PRACH/SRS, and for PUCCH/PUSCH if DMRS is cancelled), ZTE (depends on UE capability), vivo, Panasonic, Nokia (include the option of no-resume), Intel, NTT DOCOMO (simple approach but may cause resource waste)
· Stop and with resume
· (7) Ericsson (depends on UE capability), LG (for PUCCH/PUSCH if DMRS is not cancelled), ZTE (depends on UE capability), Panasonic (phase continuity issue should be studied), Nokia, Intel (if the overlapping part is just a small portion, but implementation complexity is significant), NTT DOCOMO (improve the resource usage and suitable for CBG based transmission, but with additional efforts e.g. phase continuity)

· Which UL channel/signal can be cancelled?

· All UL channel/signals could be cancelled, including PUSCH, PUCCH, PRACH SRS. (LG)
· At least PUSCH could be cancelled, FFS for other channels.
· ZTE (PUSCH, SRS, PUCCH can be cancelled, but not PRACH), Intel, Mitsubishi (FFS cancelation of RS and PUCCH), 
Propsal 4: UE stops the corresponding transmission upon receiving UL cancelation indication (if supported), FFS whether resuming is allowed. 
	Company
	View

	Huawei
	The performance difference for “stop without resume” and stop with resume should be further evaluated.

	OPPO
	The capability of “stop with resume” need to be studied.




6. Reference resource region that UL cancelation indication applies to
· Time region 
· Implicitly determined: LG (determined by processing time of UL cancelation), vivo (determined by the timing of UL cancelation)

· Explicitly configured by the network: ZTE, Sony, vivo
· Frequency region

· Implicitly determined by the UE: vivo

· Explicitly configured by the network: vivo 

Observation from company proposals: Further discussion required. 
	Company
	View

	Sony
	Reference region is required in the DL PI because we decided to adopt a group common DL PI.  This is not required if the UL PI is not group common and it need not be group common.

	
	


7. Applicability to dynamic multiplexing between grant-based eMBB and grant-free URLLC

· UL pre-emption signalling for eMBB UEs is inapplicable for grant-free PUSCH transmissions for URLLC. (Samsung, Huawei)
· Even when GF is used for URLLC, the retransmission performance can be enhanced by reducing eMBB interference via monitoring ULPI. (Qualcomm)
Observation from company proposals: Further discussion required. 
	Company
	View

	OPPO
	Dynamic multiplexing between grant-based eMBB and grant-free URLLC needs to be studied to improve system spectrum efficiency. Different from grant based transmission; grant free transmission is not expectable for gNB. Therefore, how to predict grant free transmission is an issue. For example, SR is sent before data in grant free resource to indicate whether grant free resource is occupied. 

	Sony
	UL PI cannot be used for grant free URLLC and no reason why it has to be applicable since grant free URLLC is a different problem.


8. UE feature for UL cancelation indication
· UL cancelation indication (if supported) is an Rel-16 optional UE feature (Qualcomm, vivo)
· 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 (CATT)
Observation from company proposals: Further discussion required. 
	Company
	View

	
	

	
	


9. Methods to enhance the dynamic sharing between grant-based eMBB and grant-free URLLC
· DTX transmission for eMBB (Sony)
· Transmission adaptation of grant free resource where the gNB can signal changes to the transmission parameter and/or warning that some grant free resource is occupied by eMBB to URLLC UE (e.g. prior to the starting time of grant free resource)(Sony)
· Support cancellation indication and multiple grant-free configurations on frequency domain.(NTT DOCOMO)
· Grant-free UE could receive information of grant-based UEs’ occupied resource for preventing the potential collision with grant-based UEs using sharing grant free resource: III

· Power control based solution not desirable, other methods may be considered, e.g. using different OCC or URLLC UE assistant information (ZTE)

· Power control for eMBB UE (vivo)

· Dynamic power control for grant-free URLLC UEs (Huawei)

Observation from company proposals: Diverged views, further discussion required. 
	Company
	View

	OPPO
	Try to reuse dynamic multiplexing scheme between grant-based eMBB and grant-based URLLC. In addition, predicting grant free transmission needs to be considered. For example, SR is sent before data in grant free resource to indicate whether grant free resource is occupied. Due to transmission parameters have been configured in advance，UE can prepare data when even before SR sends. Moreover, latency keeps the same as grant free in Rel-15.

	
	


3.4 Performance evaluation/analysis

1. Performance comparison between UL cancalation and UL power control

· MediaTek (R1-1810464)
· Semi-static power control scheme outperforms the preemption indication scheme in terms of URLLC reliability. 

· SINR distribution is shown

· The following should be modelled realistically

· Accurate eMBB processing timeline modeling (including, at least, PI monitoring periodicity and eMBB processing capability)

· HARQ re-transmission modeling with soft-combining capability (at least for eMBB UEs)

· Intel (R1-1810786)
· There is a large degradation of URLLC in case of equal power control parameters when collision happens. (only URLLC SINR distribution is shown)
· In the considered scenario (Power Distribution UMa scenario) there is a possibility to restore URLLC SINR by increasing transmission power of URLLC UEs. 
· The potential degradation of eMBB SINR in this case is expected to be very low due to sporadic URLLC traffic assumption. (eMBB UE SINR distribution is not shown)
· Qualcomm (R1-1811273)
· SLS results show the outage URLLC capacity is significantly degraded even when eMBB UEs in the same cell perform power control.
· The performance degradation of URLLC is mitigated only if eMBB UEs set a very low target received data SNR, which will result in prolonged low throughput and spectral efficiency for eMBB UEs even in the absence of URLLC traffic.
2. Timeline analysis for UL cancelation indication
· LG (R1-1810295)
· UL multiplexing is effective for reducing latency when collision probability is high in UL resources
· it still has benefit though vUE has 14 symbol PDCCH monitoring periodicity
· UL multiplexing could have lower maximum latency

· MediaTek (R1-1810464)
· On average the 1-ms average URLLC latency requirement is difficult to satisfy at least with 15 KHz eMBB SCS and the 0.5ms average URLLC latency requirement is difficult to satisfy with any of the numerologies when eMBB UE PI processing capability is based on Rel-15 aggressive N2 (i.e., capability-2).
· Both the 0.5 ms and 1-ms URLLC latency requirements are difficult to satisfy on average with any of the numerologies when eMBB UE PI processing capability is based on Rel-15 capability-1 N2.
· Qualcomm (R1-1811273)
· 1ms URLLC latency target can still be achived with grant-free based initial transmission and grant-based rentramissiosn and UL PI at eMBB UE. 
Further discussion required.
	Company
	View

	
	

	
	


3.5 Other aspects

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)
4 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
5 List of contributions and proposals
	R1-1810158
UL inter-UE transmission prioritization and multiplexing
 Huawei, HiSilicon

	Inter-UE eMBB and URLLC UL multiplexing in shared resources can be achieved by different ways, such as 

· Option 1) Orthogonal scheduled resource sharing between eMBB and URLLC transmissions by the same scheduling interval (which has been agreed in Rel-15) 

· Option 2) Allow overlapping between eMBB and URLLC transmissions with power control, 

· Option 3) Stop eMBB transmission when URLLC transmission occurs in overlapping resources.

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

· Dynamic indication of power control parameters

· Enhanced TPC signaling

Observation 1: The benefits of UL PI are questionable.

· How to guarantee that the eMBB detects UL PI and can shut-off the transmission as expected?

· UL PI is not a unified solution, it does not work together with UL GF transmission

· If there is a mix of eMBB UEs in a cell, where some support UL PI and some others don’t, then it is questionable how much can be gained

· UE complexity for eMBB UEs will increase significantly due to frequent UL PI monitoring

· UL PI “Cancelation” and “Re-scheduling” mechanism could cause eMBB transmission failure under certain URLLC services with high packet arrival rate and large packet size

Observation 2: The UL PI mechanism can give very low link efficiency and could cause eMBB transmission failure.

· UL PI could not use the “Pausing” mechanism due to the phase continuity problem caused by dynamic power control

· UL PI should only be evaluated as canceling the whole transmission after the indicated period

Proposal 2: UL PI should not be supported in R16.
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) 
When the gNB schedules a grant based eMBB transmission on the configured resource for grant free UE, there is potential collision between eMBB transmission and grant free URLLC transmission. A resource indication of the eMBB transmission on the grant free resource should be sent to the URLLC UEs which potentially could transmit on grant free resources as the green blocks shown in Fig.2.

	R1-1810175
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 signaling for UL preemption indication.

Proposal 3:

· In Rel-16, consider a monitoring periodicity of once per symbol for group-common signaling to indicate UL preemption.
Proposal 4:

· In Rel-16, consider the following options as baseline candidates for the design of group common signaling for UL pre-emption:

· Option 1: UL pre-emption indication based on DCI format 2_0 (dynamic SFI)
· Option 2: UL pre-emption indication design similar to DCI format 2_1 (Group common DL pre-emption indication)

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.
if based on the further study, the ongoing transmission is decided to be simply stopped and not resumed when UL pre-emption indication is detected, processing time of less than N2 symbols is expected to be feasible.

	R1-1810295
Discussion on UL inter UE Tx prioritization
LG Electronics

	Proposal 1: For UL inter-UE multiplexing for URLLC,

· NR support a group common signaling to indicate a set of resources which are allocated to other purpose such that not available (i.e., reserved/punctured) to the recipients. 

· Upon receiving the group common signaling, a UE ‘cancel’ UL transmissions overlapping with the indicated reserved resource. 

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. 

As statement above, it is possible to use UE-specific signalling for changing pre-scheduled resource.

· Option 1. Cancelling previous UL scheduling by ‘rescheduling’: When UE received UL grant indicating same TB or same HARQ process before transmission of the pre-scheduled TB, UE drops pre-scheduled transmission and follow newly received grant. 

· Option 2. Cancelling overlapping resource with UL grant: When UE received a UL grant which will be used for transmitting PUSCH, if the indicated resource overlaps with the pre-scheduled or pre-configured resource of a channel (e.g., PUSCH, PUCCH, SRS) at least in time-domain, UE drops the overlapping pre-scheduled/pre-configured channel(s). 
Observation: To support various scenarios of URLLC use cases, both configured grant and grant-based uplink scheduling are needed.
Observation: UL multiplexing with dynamic indication is useful to reduce latency when uplink resources are scarce. 

Observation: UL multiplexing with dynamic indication has a benefit even when larger monitoring periodicity is configured.

Proposal 4: UL multiplexing with dynamic indication should be studied to ensure adequate latency in dense network.

The PI processing time is assumed the same as processing capability #2, and gain is observed even when PI monitoring periodicity is one slot. 
Proposal 5: For grant-free UL transmission, it is necessary to investigate how to apply UL multiplexing mechanisms being discussed for grant-based UL transmission.

	R1-1810346
On UL inter UE Tx prioritization/multiplexing
ZTE

	Proposal 1:  UL PI based solution is slightly preferred compared with power control based solution.
Observation 1: The time T between the end of UL PI transmission and when UE stops/cancels/punctures its transmission should at least be equal or smaller than N2.

Proposal 2: The time T and the reference uplink resource for PI are higher layer configured, where T is the time between the end of UL PI transmission and when UE stops/cancels/punctures its transmission.
Proposal 3: For UL PI based design, it is preferred to use 1-bit indication per UE to inform whether eMBB UE shall cancel UL transmission.

· DCI format 2_2 may be reused with 1-bit for each block.

· UL transmission includes eMBB PUSCH, PUCCH and SRS.

· Depending on UE capability, the UE can either stop its whole/remaining transmission, or only drop the transmission on the colliding symbols indicated by UL PI.
Observation 2: Power control based solution using dynamic signalling for eMBB UE is similar to UL PI solution and may not be needed.
Observation 3: For UL inter UE multiplexing between grant-based eMBB and grant-free URLLC, power control based solution may not be always desirable.
Proposal 4: Except for power control based solutions, other complementary schemes could be considered for UL inter UE multiplexing between grant-based eMBB and grant-free URLLC, e.g. using different OCC or URLLC UE reports some assistance information.

	R1-1810396
UL inter UE Tx prioritization for URLLC
vivo

	Observation 1: Dynamic prioritization of URLLC UL is beneficial with improved resource utilization.

Observation 2:  PDCCH carrying UL cancellation indication has less standardization impact than introducing a new DL signal for UL cancellation indication.

Proposal 1: Dynamic UL indication for eMBB UEs to cancel a previously scheduled UL transmission is supported.

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.

· 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 baseline N2.
· 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 indication is received during a transmission, UE may pause eMBB transmission and drop remaining part if cancellation timeline is met.

Proposal 7: For eMBB UE supporting UL cancellation, UE can be configured with slot-level or mini-slot level monitoring for UL cancellation indication monitoring.
· For mini-slot level monitoring, monitoring occasion and number for blind decoding for UL cancellation indication should be configurable.

· Note that mini-slot level monitoring is configured for UL cancellation indication monitoring

Proposal 8: An enhanced PDCCH monitoring capability is needed to be defined for eMBB UE.
· At least an enhanced PDCCH monitoring capability in terms of number of CCEs should be defined.

Proposal 9: Supporting UL cancellation indication is an optional UE feature.
Proposal 10: UL cancellation indication with small payload size is needed.

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

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

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

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

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

Proposal 15: For the multiplexing between two grant-based UL transmissions, semi-static UL power control and dynamic UL power control can be considered.

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.

	R1-1810464
Feasibility analysis and SLS results for UL multiplexing between eMBB and URLLC
MediaTek Inc.

	The average latency results for URLLC are given in Table-1 when [image: image2.png]X' .meE



 is based on capability-2. The results clearly show that the 1-ms URLLC L1 latency requirement cannot be achieved when eMBB numerology is based on 15 KHz SCS at least, and the average 0.5-ms URLLC L1 latency requirement cannot be achieved with most of the numerologies.

Table 1 Average minimum URLLC latency [ms] (over-the-air) ([image: image4.png]X' BB



 is based on capability-2)
URLLC numerology
eMBB numerology
15 KHz
30 KHz
60 KHz
60 KHz (eCP)
15 KHz
1.464
1.178
1.035
1.207
30 KHz
1.035
0.75
0.607
0.708
60 KHz
0.901
0.616
0.473
0.551
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 is based on capability-1, the URLLC latency performance deteriorates further, as given in Table-2. Clearly neither of the URLLC L1 latency requirements (i.e., 1-ms and 0.5ms) can be fulfilled with any of the numerologies.

Table 2 Average minimum URLLC latency [ms] (over-the-air) ([image: image8.png]X' BB



 is based on capability-1)
URLLC numerology
eMBB numerology
15 KHz
30 KHz
60 KHz
60 KHz (eCP)
15 KHz
1.821

3.071

5.571

6.499

30 KHz
1.267

1.964

3.357

3.916

60 KHz
1.116

1.660

2.75

3.208

We make the following observations based on our analyses.

Observation 1: On average the 1-ms average URLLC latency requirement is difficult to satisfy at least with 15 KHz eMBB SCS and the 0.5ms average URLLC latency requirement is difficult to satisfy with any of the numerologies when eMBB UE PI processing capability is based on Rel-15 aggressive N2 (i.e., capability-2).
Observation 2: Both the 0.5 ms and 1-ms URLLC latency requirements are difficult to satisfy on average with any of the numerologies when eMBB UE PI processing capability is based on Rel-15 capability-1 N2. 
Any potential gain in spectral efficiency achievable by PI-based uplink multiplexing schemes cannot be desirable unless mission-critical URLLC service requirements fulfilled successfully. We propose the following:

Proposal 1: Uplink preemption indication should not be considered in Rel-16 unless URLLC performance can be guaranteed to achieve its minimum L1 latency requirement. 

Observation 3: Semi-static power control scheme outperforms the preemption indication scheme in terms of URLLC reliability. 
Proposal 2: It is essential to model the following in order to realistically evaluate the performance of uplink preemption schemes in a system-level simulation environment:

· Accurate eMBB processing timeline modeling (including, at least, PI monitoring periodicity and eMBB processing capability)

· HARQ re-transmission modeling with soft-combining capability (at least for eMBB UEs)

Proposal 3: System-level simulation studies for uplink multiplexing should consider the scenario where only some of the eMBB UEs are capable of supporting preemption indication.

Observation 4: Power control and eMBB re-scheduling based methods are already supported in Rel-15 for uplink dynamic multiplexing.
Proposal 4: Further enhancements should be investigated for power control and re-scheduling methods in Rel-16 to improve UL dynamic multiplexing between eMBB and URLLC.
One potential enhancement could be to introduce more step sizes to the dynamic TPC table for finer granularity with power boost/back-off. Another enhancement could introduce higher decoding reliability for the scheduling grant that assigns new resources to eMBB UE when a preemption is expected to occur.

	R1-1810475
On NR URLLC UL inter UE Tx prioritization/multiplexing
 Panasonic

	Proposal 1: For NR URLLC grant-based UL in Rel. 16, the UE processing time for cancellation of its eMBB UL traffic should always be less than the number of OFDM symbols that are required for the UE processing from the end of PDCCH containing the eMBB UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective.

Proposal 2: For NR URLLC grant-based UL in Rel. 16, if the pre-emption indication is received by the UE(s) with eMBB UL traffic within the UE processing timeline for cancellation, then to study the operation that only the resources to be used for URLLC are cancelled and the remaining resources can be used for the eMBB UL transmission by other UE(s).

Proposal 3: For NR URLLC grant-based UL in Rel. 16, if the pre-emption indication is received late (not within the required timeline for cancellation), then the eMBB UL transmission is cancelled onwards the beginning of the URLLC UL.

Proposal 4: In NR URLLC grant-based UL in Rel. 16, configurable UE monitoring periodicity for pre-emption indication 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 5: 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 compact DCI size for URLLC. 

Observation 1: Depending on the assumption on whether/how to identify eMBB or URLLC for grant-free UL transmission, the design of inter-UE multiplexing between a grant-based UL transmission and another grant-free UL transmission becomes different.

Observation 2: If eMBB or URLLC grant-free UL transmission is differentiated by different configuration or resource, UL cancellation indication is necessary to cancel grant-free eMBB transmission.

Observation 3: If eMBB or URLLC grant-free UL transmission is differentiated by UCI, to always protect grant-free UL transmission is necessary (i.e., UL cancellation indication for grant-free UL transmission is not necessary).

	R1-1810552
Discussion on inter-UE UL multiplexing
CATT

	Observation: of the five representative use cases agreed at RAN1 #94, only AR/VR and grid fault/outage management in power distribution networks are target use cases for inter-UE UL multiplexing solutions. (whereas the other use cases, motion control in factory automation, remote driving and differential protection in power distribution networks are characterized by periodic traffic. )
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 non-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 transient (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: 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 indication should be transmitted with high reliability to avoid interference on URLLC transmission if a scheduled non-URLLC UE misses the PDCCH conveying the interruption indication. 

Proposal: for UL interruption indication consider methods to reduce PDCCH overhead for supporting efficient scheduling of DL assignments and UL interruption indication.

Other solutions have been mentioned for UL TX prioritization/multiplexing as follows.

· MU pairing: the network may schedule the second UE on part of the resources assigned to the first UE if it is possible to match the DMRS symbols. This is same as UL MU-MIMO and no specification is needed.

·  UL power control: this scheme was proposed during the Rel-15 discussion and aims to boost the UL power of a URLLC user compared to a non-URLLC user. It assumes that there is sufficient headroom for the URLLC user, which may not be true for a controller on a feeder section of a power distribution ring as it is deployed in a macro deployment. Even if the URLLC user is not at the cell edge, the resulting increased interference levels may require additional retransmissions to achieve reliability at the expense of latency. Finally, as noted in several contributions to RAN1 #94, dynamic adjustment of the TX power can be viewed as a special case of UL interruption where the TX power is set to zero for a non-URLLC UE.

	R1-1810597
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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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.

	R1-1810640
Considerations in UL Inter UE Pre-emption
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) this 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 able to mute a scheduled eMBB PUSCH at any point during its transmission.

Proposal 1: If UL PI is specified, the UL PI monitoring parameters, i.e. first UL PI, periodicity and last UL PI, are configured implicitly or explicitly by the network.

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 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: 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 5: 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.

	R1-1810661
Solution for UL inter-UE multiplexing between eMBB and URLLC
Nokia, Nokia Shanghai Bell

	· Observation 1: For efficient usage of the air interface resources, it is desirable to use a single pool of resources to be dynamically shared by all types of traffic, eMBB and URLLC.

· Observation 2: Queuing a latency critical transmission (incl. URLLC) after ongoing eMBB transmissions may not allow the URLLC transmission to meet its latency requirements.

· Observation 3: Transmitting a URLLC packet at the same time and on the same resources as an ongoing eMBB transmission may not allow the URLLC transmission to meet its reliability requirements.

Proposal 1: A network-controlled uplink scheduling mechanism allowing to put longer ongoing uplink transmissions on temporary standby (i.e. Pause followed by 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 UEs with higher-layer signaling to monitor for pause-resume messages on mini-slot resolution while transmitting in the uplink, and temporarily stop an ongoing uplink transmission if requested to do so by the gNB. 

Proposal 3: The gNB-to-UE signaling of the pause-resume message is at least to include the timing of the PUSCH pausing as well as timing of the PUSCH resume (incl. the option of no-resume / suspend). Details on the related signaling including group-common versus UE-specific PDCCH are FFS.

Proposal 4: The processing time for UE receiving the pause-resume message until it puts its ongoing (eMBB) transmission on pause shall be less than or equal to the corresponding processing time for UE capability 2 for decoding UL scheduling and preparing the corresponding PUSCH transmission.

· Observation 4: 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).  

· Observation 5: Use of differentiated UL PC settings for eMBB and URLLC UEs is supported in Rel-15, and hence is readily available, and does not require additional standardization.

Proposal 5: TPC enhancements for inter-UE UL multiplexing are not considered because the reliability would be affected if URLLC and eMBB are transmitted on colliding resources.

	R1-1810786
On inter-UE prioritization/multiplexing in the UL
 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 also consider the general problem of multiplexing services with different QoS requirements.

Proposal 2

· NR provides sufficient mechanisms to configure different power control parameters for different services either dynamically or semi-statically.

Observation 1

· Dynamic reduction of eMBB power can be better classified as a generalized form of interruption indication and should be discussed in that context rather than power control techniques.

Proposal 3

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

	R1-1810880
Uplink inter UE multiplexing/prioritization for enhanced URLLC
Samsung

	Observation 1: Support of UL pre-emption for an eMBB PUSCH transmission requires an increase in latency of a URLLC transmission in the range of the N2 processing time.
Observation 2: A MBB UE with Rel-15 implementation complexity for PDCCH monitoring cannot support signalling of UL pre-emption indication in a DCI format while satisfying latency requirements for cancellation of PUSCH/SRS transmissions as required for URLLC PUSCH transmissions.  

Observation 3: It is particularly undesirable to require a different/more complex than in Rel-15 eMBB UE implementation complexity for PDCCH monitoring in order to support signalling of UL pre-emption indication in a DCI format. 

Observation 4: Support of UL pre-emption indication would require materially larger power consumption for an eMBB UE than in Rel-15. 
Observation 5: UL pre-emption signalling for eMBB UEs is inapplicable for grant-free PUSCH transmissions for URLLC.
Observation 6: If URLLC PUSCH transmissions can experience interference from eMBB PUSCH/SRS transmissions, such interference is not possible to avoid for Rel-15 eMBB UEs.
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.
Proposal 3: Study the coverage limiting channel for URLLC UEs.

	R1-1810935
UL inter-UE multiplexing between eMBB and URLLC
China Telecommunications

	Proposal 1: UL inter-UE multiplexing with dynamic resource sharing between eMBB and URLLC should be considered.

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 2: Each of these two solutions can be applied in different scenarios.
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.

	R1-1810992
Consideration on UL inter UE Tx prioritization and multiplexing
Guangdong OPPO Mobile Telecom.

	Proposal 1: Simplified preemption signaling, such as sequence detection in preconfigured resource, is a good choice for UL cancelation indication in terms of signaling reliability and decoding complexity.

Proposal 2: UL continuation indication is very similar to simplified preemption signaling and reliability also exists and depends on threshold.

Proposal 3: UL grant for re-scheduling can be reused as preemption indication, which can avoid additional signaling design and overhead.

Proposal 4: Grant free mechanism is low efficiency and efficiency improvement is necessary.
Proposal 5: Multiplexing of grant free transmission and grant based transmission is one effective way to improve efficiency of grant free mechanism.

Proposal 6: Simple scheme, such as BWP-specific power control can be considered for UL inter-UE multiplexing.

	R1-1811019
Discussion on UL inter UE Tx prioritization/multiplexing
Spreadtrum Communications

	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.
Proposal 3. Power reduction indication can only indicate a new Tx power different with UL grant before eMBB UL transmission and this advance schedule should satisfy UE processing timeline.
Proposal 4. Settings of UE monitoring periodicity should regard SCS, UE cancellation timeline and signalling delay etc.
Proposal 5. Same UE processing timeline as dynamic SFI based UL cancellation is applied.

	R1-1811043
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 latency and 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

	R1-1811087
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.

	R1-1811094
Discussion on UL inter UE Tx multiplexing
China Unicom

	Proposal: UL cancellation indication should be transmitted in DL group common control channel.
Observation: For the case where multiple uplink transmission multiplexing occur in a same slot, the corresponding cancellation indications could be transmitted separately or aggregately.

	R1-1811155
Multiplexing among PUSCHs with different latency and reliability requirements
Sharp

	Proposal 1: A similar solution as DL PI should be introduced for UL multiplexing in Rel-16.
Proposal 2: UE with grant-based UL transmission is only required to monitor UL PI after a UL grant is detected until the corresponding UL transmission has been finished.
Observation 1: For GF UE configured with large periodicity, it is not necessary for the UE to monitor UL PI frequently.
Observation 2: For GF UE configured with short periodicity, the UE may not be expected to monitor UL PI. 

Proposal 3: For UE configured with GF transmission, the configuration of UL PI monitoring should take into consideration the periodicity of the configured GF transmission.

	R1-1811219
On UL inter-UE multiplexing for URLLC
InterDigital, Inc.

	Proposal 1: The Rel-16 NR should support the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE by configuring certain portions of the resource grid for possible overlap between a grant-based and a grant-free UL transmission.

Proposal 2: NR should support mini-slot level monitoring periodicity of preemption indication.
Proposal 3: NR should support dynamic resource sharing between eMBB UL and URLLC UL from different UEs using UL pre-emption indication in GC-PDCCH for grant-based transmission.

	R1-1811273
UL inter UE Tx prioritization-multiplexing
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.

Observation 4: ULPI can be implemented with different monitoring and processing timeline capabilities for different deployment scenarios.
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. Fully dynamic transmission power reduction to portions of eMBB PUSCHs that collide with URLLC PUSCHs is infeasible because phase continuity cannot be maintained.
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.

	R1-1811379
Uplink transmission prioritization/multiplexing for NR URLLC
NTT DOCOMO, INC.

	Proposal 1:

· Study further details on inter-UE Tx prioritization/multiplexing.

· Select option 1 as the possible solution to be considered.

· eMBB UE cancels UL transmission when an indication is detected.

· Study further the specification impacts and benefits of each option for UL cancellation indication.Select option 1 and 2 as the possible solutions to be considered
· UL cancelation/pausing indication.
· UL continuation indication.

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

· Option 2 as the starting point to be considered.

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

	R1-1811445
Discussion on UL inter UE Tx prioritization/multiplexing
Potevio

	Proposal 1: Both monitoring periodicity of UL cancelation/pausing indication and monitoring capability of the eMBB UEs should be carefully studied for Option 1.

	R1-1811447
Discussion on UL Inter UE Tx prioritization/multiplexing
III

	Proposal 1: For reducing the overhead of receiving UL cancelation signal at the eMBB UEs, a mechanism to adjust monitoring period is necessary. 

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 for preventing the potential collision with grant-based UEs using sharing grant free resource. 

	R1-1811462
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.  

	R1-1811482
Discussions on UL inter UE multiplexing
Mitsubishi Electric Co.

	Proposal 1: NR supports UL pre-emption when handling UL multiplexing with different reliability requirements
Proposal 2: Pre-emption request can be used to allocate blank resources during UL eMBB transmissions

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

Observation 1: Repetitions of PUSCH in URLLC over multiple slots should be discussed.
Proposal 4: Symbol-level pre-emption should be studied

Observation 2: Different pre-emption procedures 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
Observation 4: Whether RS or PUCCH can be pre-empted in UL transmission should be discussed.

	R1-1811575
Views on UL inter UE Tx prioritization/multiplexing
KT Corp.

	Proposal 1: The cancelation indication signal can be transmitted with group-common PDCCH similar to the interrupted transmission indication for DL.
Proposal 2: it is required to support the mini-slot based transmission and monitoring of cancelation indication signal.
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