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1 Introduction

The following agreement was reached in RAN1 94 [1]:
“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”

The following agreements were reached in RAN1 94bis regarding further study on enhancement of UL power control [2]:

· 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.

The following agreements were reached in RAN1 94bis regarding number of URLLC UEs to consider in evaluation of the agreed use cases [2]:

· Reuse the simulation settings for power distribution use case for Rel-15 enabled use case with urban macro (applicable data packet size 32 bytes and 200 bytes) with the following modification: 
	Number of UEs per cell
	Up to 20
Companies to report the value used in the evaluations
Note: Example of the number of users can be 5, 10, 15, 20

	UE distribution
	80% of users are outdoors and 20% of users are indoors 
Indoor penetration loss is modelled according to low loss model 


· Reuse the simulation settings for factory automation use case for Rel-15 enabled use case with indoor hotspot with the following modification: 
	Number of UEs per cell
	Up to 20
Companies to report the value used in the evaluations
Note: Example of the number of users can be 5, 10, 15, 20

	UE distribution
	100% of users are indoor: 3 km/h UE-speed

	BS antenna height
	3 m 

	Channel model 
	ITU InH for 4 GHz


· The number of UEs in the above two agreements is the number of pure URLLC UEs.  
· For the case of evaluating multiplexing of eMBB and URLLC UEs sharing the same carrier, companies report the number of eMBB UEs used in the evaluations.
· Update the number of users per cell for factory automation in the table of simulation assumptions for evaluation as below:
	Number of UEs per cell
	Up to 40

Note: Example of the number of users can be 5, 10, 20, 30, 40


Note: The number of UEs in the above table is the number of pure URLLC UEs
· Update the number of users per cell for power distribution in the table of simulation assumptions for evaluation as below:
	Number of UEs per cell
	Up to 10 

Note: Example of the number of users can be 5, 10


Note: The number of UEs in the above table is the number of pure URLLC UEs
In this contribution, we present our views on UL inter-UE multiplexing. This tdoc is a revision of R1-1810786.
2 Inter-UE Multiplexing

In this section, mechanisms of UL multiplexing for different UEs with possibly different latency and reliability requirements in a cell are discussed. In general, the UL transmissions can be multiplexed in time or frequency using the same or different numerologies at the same carrier. 
Considering the nature of URLLC services and the fact that they span a continuum of requirements on latency and reliability, it is imperative that any solutions developed for efficient inter-UE multiplexing considers multiplexing not only based on service types (eMBB vs. URLLC), but can also support efficient multiplexing and prioritization (as necessary) amongst URLLC services with different latency and reliability requirements. For instance, considering one of the prioritized use cases of factory automation, one can see that the reliability and latency (and throughput) requirements for sensors can be quite different from those for actuators or those for fusion nodes/aggregators or cameras, etc. They may all require either latency or reliability performance that are more demanding than eMBB, but amongst themselves there can be significant differences as well. Thus, it is important to consider solutions as well as their feasibility in the more general context of UL multiplexing of UEs with different QoS requirements and capabilities.

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.
In light of Proposal 1, consideration of multiplexing between eMBB and URLLC traffic can be seen as an example use case between two extremes of the continuum of QoS requirements. This example can be quite handy for ease of exposition of the ideas during RAN1 studies. 

Accordingly, in the following, we use the example use case of multiplexing between eMBB and URLLC to elucidate our views on various considerations, but the considered approaches should not be construed as being limited to multiplexing between these two service types.
Depending on URLLC service load and traffic characteristics, the multiplexing approach could be either semi-static or dynamic or a combination thereof (see Figure 1). In case of the high URLLC traffic loading and/or regular traffic pattern for URLLC, the semi-static multiplexing strategy may properly work without capacity penalty. The semi-static approach may be realized by gNB implementation with restrictive scheduling of eMBB UEs outside of URLLC resources. However, when the traffic is sporadic/irregular and has low rate, reservation of resources for URLLC reception may lead to substantial eMBB capacity penalty. For example, if URLLC service sporadically appears in average once in a second and consumes 1 ms and 10% of bandwidth, the overall reserved spectrum resource usage will be about 0.1% with 9.999% of overall spectrum wasted. In this case, mechanisms of dynamic multiplexing would provide substantial eMBB performance gains.
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Figure 1. Relation of URLLC traffic characteristics and multiplexing approach.

The following techniques for dynamic multiplexing were identified:

· Setting higher power transmission for URLLC and/or lower power transmission for eMBB
· UL transmission interruption/cancellation indication or continuation indication

2.1 Power Control

RAN1 agreed to further study power boosting mechanisms for URLLC UEs. One application conceived so far to protect UL URLLC from eMBB is to use higher transmission power for UL URLLC transmission by configuring different power control parameters. Obviously, such operation is subject to potential power limitation. 
The higher power for URLLC UE could be achieved by at least the following already specified mechanisms:

· Service-specific P0 and alpha settings. Current UL power control framework supports different P0 and alpha settings with dynamic switching between them by SRI indication in DCI. Moreover, the OLPC settings are configured separately for configured grant operation which is assumed as a typical mode of operation for latency critical UL services.

· UE-specific P0 settings. If UE operates with one service at a time, the P0 difference may be achieved by setting UE-specific offset currently supported in NR.

· Dynamic TPC command adjustment. A limited transmit power control adjustment may also be achieved by dynamic TPC commands. However, this mechanism is more suitable to track channel variations rather to emulate different target received power for different services.

As it can be seen, current NR power control framework supports quite a few options for change of open-loop parameters. Next, we study in SLS how different power control parameters can be leveraged to facilitate UL coexistence. The feasibility of power control based pre-emption is shown using Power Distribution UMa scenario since it may be considered as the most likely option for mixing different types of traffic. The following key assumptions are made for this study:

· 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.
Under these assumption, the geometry UL SINR is shown in Figure 1. Looking at eMBB curves, it can be seen that there is a large degradation when URLLC loading become non-negligible (10-50%). Such degradation may still be somehow managed by HARQ retransmission etc. As for URLLC performance, although the increased power provides acceptable overall performance, there is significant degradation in cell-edge region where power limited UEs are observed. Note that URLLC performance is mainly limited by 100% load of eMBB and variation of URLLC loading itself does not change much the distribution. 
In order to combat the large degradation at cell-edge, as shown in the last set of curves, a hybrid scheme may help much by restricting collision only to the cases of non-power limited URLLC transmissions, which may boost SINR during collisions.
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Figure 1. PUSCH SINR distribution, Power Distribution scenario.
In Figure 1, it is assumed that one URLLC UE coexists with 10 eMBB UEs in a cell. In Rel 16 use cases and considerations, such as factory automation, there may be many URLLC UEs with or without presence of eMBB UEs in each cell, and boosting power for URLLC UEs may cause lot of interference which may not be easily managed by power control. As can be seen from the agreement, up to 40 URLLC UEs may coexist in a limited indoor area for factory automation. Furthermore, other use cases also consider multiple URLLC UEs in a cell as target scenario for evaluations. Hence, when multiple URLLC UEs exist, power boosting for one or more URLLC UEs may not be feasible, in particular depending on UL UE geometry and/or power limitation of UE. Increased inter-cell interference can severely limit the applicability of this approach. Hence, in some cases, dynamic L1 indication mechanisms to cancel eMBB transmissions in overlapping area can be preferred since the power boosting-based approach to inter-UE multiplexing may be infeasible when the network is operating at capacity. 
On the other hand, if the network is operating in lightly loaded conditions, URLLC UEs can be served based on resource partitioning/reservation based approaches realized via gNB scheduler without the need to enable non-orthogonal allocations. Thus, the relevant use cases and benefits for a dynamic power boosting based approach for the purpose of inter-UE multiplexing in the UL are questionable. Certainly, one extreme use case could be one with isolated cell deployments wherein dynamic power boosting approaches may be feasible. However, such “single-cell” deployments can be quite rare – and in fact, quite opposite of the currently agreed deployment scenarios being considered for Rel-16 studies (e.g., factory automation scenario that can be seen as significantly interference-limited due to large number of cells within a relatively small factory area).
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. 
It was also discussed as an option, that eMBB power could be reduced dynamically to reduce intra-cell interference to URLLC. However, such indication requires from a UE exactly the same behaviour as for interruption indication and could be seen as a generalization of U-INT where the power is not set to zero but to some non-zero value during interruption. Therefore, such approach should be classified as dynamic interruption rather than the power control.

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.

2.2 UL Interruption and Continuation Indication
When transmission duration of eMBB traffic is much longer than URLLC traffic and both may be assigned resources in a common bandwidth part or in a carrier, another alternative is to exploit transmitting an indication to the eMBB UEs so that eMBB UEs cancel transmission in the overlapping area. Two general types of such indication are considered: UL interruption/cancellation indication (U-INT) and UL continuation indication (U-CON). 
UL Interruption/cancellation indication

This mechanism was discussed during the first phase of NR work item but was not agreed to be supported in R15. In short, an eMBB UE (or in general, a UE whose transmission may be deprioritized against another with stricter requirements) may receive one or more indication following reception of UL grant so that the UE may cancel part or all of the remaining transmission. In Figure 1, an example is shown where UE is monitoring interruption indication and once detected, UE cancels remaining transmission. 
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Figure 1. UL interruption indication.

UL rescheduling indication

A special case of UL cancellation indication is UL rescheduling indication. Instead of receiving the indication in a potentially different DCI, the UE may receive a subsequent UL grant for the same HARQ process that was scheduled by the original UL grant and UE may follow the resource allocation indicated by the new grant and drop/cancel the transmission scheduled by the original grant. This approach basically ‘shifts’ the PUSCH resource allocation, e.g,, to a later time, or alternatively updates the UL grant with a new resource allocation. The subsequent grant is performing both the operation of cancellation of transmission and scheduling a transmission.
UL Continuation indication

Continuation indication (U-CON) approach is very similar to the interruption one but delivers to UEs information that the scheduled transmission must or must not be continued as planned (see illustration in Figure 2). This approach may be viewed as a part of dynamic scheduling, but without full-blown DCI used to schedule every part of PUSCH. The main advantage of such indication is that in case of missed detection it cannot lead to URLLC service degradation, while missing interruption indication may lead to strong interference to URLLC transmissions. Comparing to U-INT, U-CON typically consumes more monitoring occasions but smaller resources for each indication since it should not be delivered with ultra-reliability. Continuation indication transport options are identical to the ones listed for U-INT, i.e. it can either be based on DL PI format, or other group-common or UE-specific indication.
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Figure 2. UL continuation indication.
Few salient features and aspects related to the operation of UL cancellation/interruption/continuation indication are discussed below:

· UE complexity for monitoring and processing timeline of interruption indication: Different from DL, the UL interruption indication (U-INT) monitoring time scale should be typically much lower than a slot for small SCS (15, 30 kHz) and be comparable to a slot for large SCS (60, 120 kHz). Moreover, the indication should be processed with small latency and passed to both baseband and RF chains for interruption. It may also depend on DCI format configuration, number of candidates or aggregation level to be checked etc. It needs further study on the feasible minimum application times for such processing of interruption or cancelation indication for UEs with different capabilities. Whether all or certain UEs can support sufficiently short application times, and how they compare against the N2 values (per Capability #1 or #2) they support needs careful studies. For example, application time after detection of SFI in GC DCI is considered to be N2. However, for a UE supporting only Capability #1 based N2, there may not be much benefit with dynamic indication of interruption/cancelation of UL transmission due to significantly long application time. Further, due to potentially very frequent PDCCH monitoring, power consumption may increase significantly as well. 
· UE specific or group-specific signalling:  Unlike DL, UL transmission may not be made over a large BW due to power limitation, and a large number of eMBB UEs may not be impacted by a single URLLC transmission. Moreover, due to the need for frequent monitoring, there is a chance some UEs getting false alarm to cancel transmission if group-common signaling is used. This can be mitigated by increasing time-frequency granularity, however this may increase payload. On the contrary, UE specific signaling may be considered so that only impacted UEs are signalled. It can be further studied what content or format, such as compact DCI or similar payload as an UL grant can be considered for UE specific interruption indication. Furthermore, depending on UE capability, monitoring occasions and periodicity can be better controlled in case of UE specific signaling. If UL cancellation indication is transmitted in the form of rescheduling indication, it would be UE specific indication.
· Protection of grant-free transmissions: Interruption indication was mainly assumed for the cases of dynamic grant based scheduling when gNB schedules both eMBB and URLLC services and may generate the appropriate U-INT when the need for URLLC traffic is identified. However, UL transmission with configured grant is assumed to be performed without any scheduling request and therefore would interfere with eMBB if network configures shared resources for both grant-based and grant-free traffic. Although dynamic cancellation indication may not be able to prevent collision with initial grant-free transmission, however, one or more of grant-free re-transmissions can be protected by UL cancellation indication sent to eMBB UEs. Alternatively, some existing power control enhancements can be applicable for URLLC transmissions based on configured grant. UEs transmitting based on type 1 or 2 configured grant may receive TPC command via DCI format 2_2 any time after RRC configuration/DCI activation or could receive re-transmission grant following one or more previous repetitions so that more dynamic power adjustment and time-frequency resource allocation is possible. One requirement would be to configure short monitoring periodicity for the DCIs so that power adjustment can be done on time. UEs transmitting based on type 2 configured grant can even receive a re-activation DCI which can update time-frequency resource allocation, before UE starts to transmit, should there be any need to avoid overlap with other transmission. Hence, network could configure a group of URLLC UEs with type 2 configured grant, if their transmissions can be made in a resource where overlapping transmission may occur. Alternatively, network could always apply resource reservation to protect UL transmission based on configured grant, at least for initial transmission, from collision or overlap with other transmission. Indication of overlapping resource to URLLC UEs may not be necessary.
· Reliability of U-INT: UE UL cancelation detection should be ultra-reliable and provide ~1e-5 detection error in order to be able to release spectrum for the service which requires 1e-5 error rate. It needs further study how UE specific and group-specific designs compare in terms of reliability. For example, UE specific compact DCI, higher aggregation levels, etc., can be further studied for cancellation of UL transmission.
· Monitoring U-INT in a PDCCH: In case the UL cancelation indication is based on PDCCH transmission, realization of such indication as well as the associated application time, depend on DCI format configuration, number of candidates or aggregation level to be monitored, UE PDCCH monitoring capability, etc. Depending on UE capability, monitoring occasions and periodicity of such indication may be controlled (e.g., with UE specific signalling), by defining the UE behaviour for the UE to monitor the interruption indication following detection of UL grant. Such UE behaviors, as well as how to configure the monitoring occasions, how many occasions etc., need further investigation.

Furthermore, if such UL cancelation indication is performed by PDCCH transmission, as discussed above, certain constraints will be imposed by the UE PDCCH monitoring capability per slot/half-slot, etc., due to potentially very frequent PDCCH monitoring imposed by such indication. On the other hand, such frequent monitoring increases the UE power consumption, as well as the probability of false alarm to cancel the transmission mistakenly (e.g., if indication is based on common-signalling). While the latter can be mitigated by increasing time-frequency granularity, however such approach may increase payload. Such aspects, e.g., the UE power consumption, the imposed overhead, etc., should be carefully studied to achieve an integrated design.
· Dropping part or all of remaining transmission: Different UE behaviors and their associated complexities should be considered further. For example, whether, following detection of interruption indication, UE drops the remaining portion of transmission or only a part of it. In some cases, if the TB is large and only a small portion of it overlaps with an assignment of URLLC traffic, UE may then just drop the impacted portion and one or more CBGs of the TB may still be received correctly. However, such an approach may incur significant complexity to UE implementation and thus, needs a commensurate level of motivation to be considered further.
· Use of U-INT for interrupting other UL channels, such as PUCCH, SRS, PRACH. If U-INT can be used for different kinds of UL channels other than data, it may increase the UE complexity and power consumption significantly, and UE may need to monitor quite frequently, almost always with mini-slot level periodicity. Network may control overlap of data/control of URLLC transmission with PUCCH, SRS, PRACH of eMBB UEs by implementation and avoid dynamic resource sharing by indication for such purpose. However, if such scheduling-based solution is not always possible, a signaling framework that may commonly apply to different UL transmissions, including grant-based PUSCH, CG PUSCH, PUCCH, SRS, and PRACH would be desirable.
· Implicit and explicit indication: The straightforward way is to indicate the interruption indication in a DCI format explicitly. On the other hand, some alternative implicit indication can be considered such as using one of the scheduling DCIs with some modifications either in content or in terms of some additional monitoring from the UE. Having said that, it may not be possible for implicit indication to consider fine time-frequency granularity for interruption indication, and thus, it is likely that implicit indication may need to be UE-specific.    

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.
3 Conclusions

In this contribution, considerations on techniques for dynamic UL multiplexing of different services is presented. Based on the discussion and analysis, we have the following observations and proposals:

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 1
· Mechanisms for UL inter-UE multiplexing should not be limited to cater to only multiplexing of different service types (eMBB vs. URLLC), but consider the general problem of multiplexing services with different QoS requirements.
Proposal 2
· NR supports monitoring at least one L1 indication for modifying a scheduled UL transmission.

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

· FFS: Support of L1 indication to modify other UL transmissions, such as PUCCH, SRS, PRACH.
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Appendix – System Level Evaluation Assumptions

Table 1 System-level evaluation assumptions (Urban Macro for power distribution)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23 dBm

	BS antenna configurations
	4 Tx/4 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2)
dH = 0.5λ, dV = 0.8λ;

100 degree 

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5 dB

	UE antenna configuration
	1 TX

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	Number of UEs per cell
	10 

	Simulation bandwidth 
	10 MHz

	SCS 
	15 kHz

	UE distribution
	100% of users are outdoors 
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