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1 Introduction
The document summarises the following aspects based on the contributions submitted to agenda item 7.2.4 “Study of handling UL multiplexing of transmission with different reliability requirements” of RAN1 #92bis, as listed in section 4.
· Inter-UE multiplexing of UL transmission with different reliability requirements
· Intra-UE multiplexing of UL transmissions with different reliability requirements
2 Inter-UE multiplexing of UL transmission with different reliability requirements
Most of the contributions discussed about the inter-UE multiplexing of UL transmission with different reliability requirements, and the discussions were further divided into two scenarios.
· Scenario 1: Inter-UE multiplexing of grant-based URLLC and grant-based eMBB transmission in UL
· Almost all the companies are interested in this scenario and discussed in their contributions accordingly, the discussion is mainly based on the two options identified in RAN1#92
· Scenario 2: Inter-UE multiplexing of grant-free URLLC and grant-based eMBB transmission in UL
· 6 companies mentioned this scenario and discussed the solutions accordingly
2.1 Inter-UE multiplexing of grant-based URLLC and grant-based eMBB transmission in UL
The preference and consideration regarding option 1 and 2 (as identified in RAN1#92) are summarized as the following:
· Option 1: eMBB UE cancels UL transmission when an indication is detected. 
· Supported by 17 companies: ZTE, vivo, Ericsson, Fujitsu, OPPO, Samsung, Sony, LG, Nokia, Panasonic, Apple, Qualcomm, InterDigital, TCL, Sequans, Mitsubishi, China Unicom
· Other views:

· Huawei, MediaTek do not support UL pre-emption indication in Rel-15
· Intel think the UL pre-emption is not essential 
· Huawei thinks UL PI does not work properly for UL GF based URLLC or TDD.
· CATT has question about the processing timeline for UL pre-emption
· CMCC mentions that dynamic signalling for cancellation or power control will cause significant standardization efforts 
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. 
· Supported by (7) Huawei, MediaTek, Intel, ASUSTEK, CMCC (only semi-static power control), InterDigital, OPPO
· Other views

· Concern on the performance of power control schemes

· Qualcomm provides SLS evaluation results showing URLLC performance with UL PI outperforms that with semi-static power control. eMBB performance is also improved compared to semi-static power control
· Ericsson, vivo, Samsung, Nokia, Qualcomm thinks reliability of URLLC could not be met by simultaneous eMBB and URLLC transmission, even with transmission power change
· Samsung, LG, Qualcomm also concerns power control may be not available in case of no residual power for boosting for URLLC UE or no less power reduction level for eMBB UE

· Vivo, LG, Sony, Qualcomm, Sequans think boosting of URLLC transmission power could lead to increased inter-cell interference and thus decreased system performance
· Sony, Qualcomm thinks reduction of the transmission power of eMBB UEs semi-statically or dynamically impacts the eMBB performance

· Concerns on the dynamic power control schemes

· ZTE, vivo, Sony, Qualcomm, Intel thinks power control based on dynamic signalling for eMBB UE is similar to UL PI solution and may not be needed
· CMCC mentions that dynamic signalling for cancellation or power control will cause significant standardization efforts 
3 companies provided simulations in comparing option 1 and 2

Huawei provided LLS in R1-1803659 showing that the performance impact of both URLLC and eMBB UL transmission is small in case of partial overlapping of the two and with eMBB UL transmission power reduction, additional assumptions made in the simulations are
· URLLC has 4 retransmissions
· The overlapping between URLLC and eMBB is less than 50%

· The power of eMBB is reduced to 80% in the overlapping RBs and is not reduced in the overlapping RBs

· Ideal channel estimation is used
[image: image1.emf]-8 -7 -6 -5 -4 -3 -2 -1

10

-5

10

-4

10

-3

10

-2

10

-1

URLLC Performance with eMBB interference

SNR [dB]

BLER

 

 

No overlap with eMBB

25% overlap, eMBB same power

50% overlap, eMBB same power

25% overlap, eMBB 80% power

50% overlap, eMBB 80% power


Figure 1: URLLC performance with controlled collision with eMBB in coexistence region 
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Figure 2: eMBB performance in coexistence region, with partial power control.

Intel provided UL geometry SINR analysis in R1-1804742
showing that 
· There is a large degradation of URLLC in case of equal power control parameters when collision happens.
· There is a possibility to restore URLLC SINR by increasing transmission power, 5 and 10dB power increase for URLLC is simulated
· URLLC UL SINR degrades observed at 5-percentile and 90-percentile point. 
· The simulated scenarios are Urban Macro URLLC from TR 38.802, and Urban Macro URLLC from IMT-2020
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Figure 2. URLLC PUSCH SINR distribution, Urban Macro URLLC from TR 38.802.
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Figure 3. URLLC PUSCH SINR distribution, Urban Macro URLLC from IMT-2020.
Qualcomm provided SLS in R1-1804820 showing that the URLLC UL capacity is degrades significantly if eMBB UL transmission is not preempted
· 20/10/5MHz bandwidth for URLLC is simulated
· one URLLC serving cell with 21 URLLC UEs and one eMBB UE, surrounded by 20 eMBB cells with ISD=200m.
· eMBB UEs in the neighbouring cells have full-buffer traffic and are scheduled dynamically
· All eMBB UEs in the neighbouring cells and all URLLC UEs in the serving cell set the target data received SNR to 20dB above thermal
Table I: The URLLC cell capacity under different frequency resources available to URLLC 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)
	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 II: The resource utilization of URLLC transmissions at the maximum URLLC capacity under different frequency resources available to URLLC 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


2.1.1 Details of “UL pre-emption indication” 
2.1.1.1 Processing timing for eMBB UL transmission cancellation

· The processing time for UL PI for eMBB UE can be defined as the time gap between the end of UL PI and the start of UL cancelation. Companies are proposing following options.

· Option 1: The processing time for UL PI is less than baseline N2

· Vivo, Panasonic, TCL, Ericsson, LG, Qualcomm
· Option 2: The processing time for UL PI is the same as baseline N2
· Spreadtrum, Samsung

2.1.1.2 Signaling format of UL PI
· Option 1: UE specific signaling
· Option 2: group common signalling
2.1.1.3 UE monitoring periodicity of UL PI
· Option 1: slot level monitoring
· Option 2: mini-slot level monitoring

· …

2.1.1.4 UE behaviour upon receiving UL PI

· Option 1: UE drops the whole eMBB transmission that overlaps with URLLC, without resuming
· Option 2: UE drops part of eMBB transmission which overlaps with URLLC, resuming is allowed
2.1.1.5 Indication of UL pre-empted resources in time domain

· Option 1: explicitly signalled, e.g. signalled in the UL PI
· Option 2: implicitly derived, e.g. based on some predefined timing relation with the UL PI
2.1.1.6 Indication of UL pre-empted resources in frequency 

· Option 1: explicitly signalled, e.g. signalled in the UL PI

· Option 2: implicitly derived, e.g. equal to the active UL BWP
2.1.2 Details of UL power control 
2.1.2.1 Whether and how to boost URLLC transmission power?

· For UL power control, URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted to ensure the reliability. Companies have following views:

· Option 1: URLLC UL power control is based on current NR TPC framework, i.e. dynamic change of open-loop parameters
· Huawei, MediaTek, Intel

· Option 2: URLLC UL power control is based on closed-loop PC
· Huawei, ASUSTEK
· Huawei

· For grant-based UE, further enhancement of TPC command field is needed
· For grant free UE, gNB indicates which set of power control parameters to be used for its transmission
· ASUSTEK: power boosting is signalled by closed loop TPC command by further considering

· Step size of TPC

· Number of close loop

· Using group TPC command for PUSCH to boost/de-boost power of grant-free transmission 

· Option 3: semi-static power control mechanism is used for Rel-15
· CMCC 

· When the URLLC UL takes place in the shared resource, its power is boosted

2.1.2.2 Whether and how to reduce the eMBB transmission power?

· For UL power control, the transmission power for eMBB UL is reduced to ensure the reliability. Companies have following views:

· Option 1: Dynamic eMBB UL power control based on current NR TPC framework 
· MediaTek, Spreadtrum, 
· MediaTek thinks eMBB UL power can only be reduced if new TPC command is received in time before the eMBB transmission starts 
· Spreadtrum thinks 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

· Option 2: Semi-static power control is used

· CMCC, ASUSTEK
· When eMBB UL can be scheduled in the shared resources, its power is reduced
· ASUSTEK: preconfigure or inform eMBB UE some regions which are likely to be taken by URLLC
2.2 Inter-UE multiplexing of grant-free URLLC and grant-based eMBB transmission in UL
To support efficient dynamic resource sharing between grant-based eMBB and grant-based URLLC transmissions from different UEs in UL, companies are proposing following methods:

· Option 1: Dynamic UL power control. URLLC UL transmission power is boosted

· Huawei, ASUSTEK
· Huawei: For grant free UE, gNB indicates which set of power control parameters to be used for its transmission
· ASUSTEK: Using group TPC command for PUSCH to boost/de-boost power of grant-free transmission 

· Option 2: Semi-static power control for URLLC UL transmission power boosting or eMBB UL transmission reduction
· CMCC, ASUSTEK
· When the URLLC UL takes place in the shared resource, its power is boosted
· When eMBB UL can be scheduled in the shared resources, its power is reduced
· ASUSTEK: preconfigure or inform eMBB UE some regions which are likely to be taken by URLLC
· Option 3: 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 
· Sony
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3 Intra-UE multiplexing of UL transmissions with different reliability requirements

A UE configured with both eMBB and URLLC UL transmissions may transmit URLLC UL overlapping in time with a scheduled eMBB UL transmission (with orthogonal or overlapping frequency resources), in this case the UE behaviour for handling the multiplexing is to be defined such that URLLC transmission can be prioritized. Depending on the property of URLLC UL transmission, i.e. grant-based or gran-free, two cases are considered as the following.  

3.1 Handling of overlapping between an scheduled URLLC UL transmission with a scheduled eMBB UL transmission 
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Figure 1 overlapping between a scheduled URLLC UL transmission with a scheduled eMBB UL transmission
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Figure 2: Example of intra-UE UL multiplexing between scheduling-based eMBB HARQ-ACK and scheduling-based URLLC HARQ-ACK transmissions
Two examples are shown in the figure. In the first example, after eMBB UL is scheduled, UE is scheduled with a URLLC UL by a later UL grant that is transmitted after the UL grant for eMBB. The URLLC UL is scheduled to be transmission on the time/frequency resources that are already allocated to eMBB transmission. In the second example, a UE is scheduled with a URLLC DL transmission after eMBB DL transmission is scheduled. The URLLC DL is transmitted before the HARQ-ACK for eMBB DL is reported. Meanwhile, the transmission of HARQ-ACK for URLLC DL is to be overlapped in time with that for eMBB DL.

· To handling collision of eMBB scheduling-based UL data and URLLC scheduling-based UL data transmissions, 

· UE follows the later received UL grant for URLLC transmission

· UE cancels the eMBB UL transmission scheduled by the earlier UL grant

· Supported by CATT, vivo, Ericsson, Panasonic, Intel, Xiaomi, DCM

· To handling collision of eMBB scheduling-based HARQ-ACK and URLLC scheduling-based HARQ-ACK transmissions, 

· UE follows the later received DL grant for URLLC HARQ-ACK transmission

· UE cancels the eMBB HARQ-ACK transmission scheduled by the earlier DL grant
· Supported by Intel, vivo, DCM

Proposal:
· For a UE supporting URLLC, if the UE receives a dynamic grant scheduling PUSCH overlapping in time with another PUSCH scheduled by an earlier received grant, the UE follows the later received grant and the previously scheduled PUSCH is dropped.
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3.2 Handling of overlapping between an grant-free URLLC UL transmission with a scheduled eMBB UL transmission

In this case, an eMBB UL transmission scheduled by UL grant overlaps in time with a grant-free resource on which UE intend to transmit URLLC UL (with orthogonal or overlapping frequency resources). 
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Figure 2 overlapping between an grant-free URLLC UL transmission with a scheduled eMBB UL transmission
An examples is shown in the figure. Grant-free resources are configured for URLLC transmission to meeting the latency and reliability requirements. After eMBB UL is scheduled, a URLLC packet arrives. In this case, the UE behavior for handling the collision of dynamic grant scheduling and grant-free transmission should be defined. 
Note that RAN2 had following agreement 

=>  The dynamic grant addressed to C-RNTI and CS-RNTI shall override the configured grant Type 1 or Type 2 for this transmission in case of overlap in time domain.

However, this would mean UE has to either transmit the URLLC UL in the UL grant scheduled resource for eMBB UL or postpone the URLLC UL to the next grant-free transmission occasion. It may result in decreased reliability for URLLC transmission since the scheduled eMBB UL resource may not be suitable for URLLC UL, or longer latency for URLLC transmission due to the postponing. Therefore, mechanism to ensure the URLLC transmission performance should be provided. 

In case of overlapping between dynamic scheduling eMBB transmission and grant-free URLLC transmission, following options can be considered

· Alt 1: UE transmits URLLC transmission over dynamic scheduled UL resource
· The dynamic scheduled UL resource should be applicable for URLLC UL transmission.
· Supported by Intel
· Alt 2: UE transmits URLLC transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource, in case that dynamic scheduled UL resource is not suitable for URLLC traffic
· The grant-free resource for URLLC UL transmission has higher priority than the dynamic scheduled UL resource for eMBB UL transmission
· Supported by Huawei, CATT, ZTE, vivo, OPPO, CMCC, Sony, Panasonic, E///
· Views:

· Huawei also proposes URLLC traffic can superpose on the on-going eMBB transmission
· E/// thinks such collision is handled by LCP, i.e. PHY transmits data that is delivered by MAC, with prioritization handled by MAC
· Intel thinks RAN2 already considered the use cases of URLLC and eMBB multiplexing when taking the decision about current overriding behaviour, e.g. gNB can avoid scheduling grant-based lower priority transmissions in these resources
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5 Summary of previous agreements
RAN1 92

	Agreements:

· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)

· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified
· UE processing timeline for cancelation
· UE monitoring periodicity
· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)
· reliability of indication
· Any impact due to timing advance
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified
· Performance impact to eMBB/URLLC transmission

· How to signal the URLLC transmission power boosting
· How to signal the eMBB transmission power reduction after UL grant
· UE monitoring periodicity
· Processing timeline
· Feasibility of changing eMBB Tx power during the transmission 
· reliability of indication
· Any impact due to timing advance
· Other options including gNB receiver interference cancelation schemes are not precluded
· Aspects to be included in the study
· Processing timeline for grant-based procedure for URLLC in UL
· Applicability of the options to TDD and/or FDD can be studied
· Cases for GB-based & GF-based
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