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 Introduction
According to the new SID on physical layer enhancements for NR URLLC[1], UL inter-UE Tx prioritization/multiplexing considering different latency and reliability requirements needs to be  enhanced in Release 16 URLLC. In the last two RAN1 meetings, UL multiplexing of transmission with different reliability requirements was discussed and the following agreements for inter-UE were made[2][3]:
Agreements: #94
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
Agreements: #94bis

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.

In this contribution, we further discuss the UL inter-UE multiplexing of grant-based eMBB with grant-based and grant-free URLLC. 
 Cases of UL inter-UE multiplexing
Both of grant-based and grant-free URLLC UL transmission have been defined. Correspondingly, the following two cases for UL inter-UE multiplexing are on the table. 

Case1: grant-based URLLC + grant-based eMBB

Case2: grant-free URLLC + grant-based eMBB

For the first case, it is a common situation that eMBB UL transmission had been scheduled a few slots ago, and a subsequent SR for URLLC UL transmission arrivals between the eMBB UL grant and the corresponding eMBB UL transmission. gNB needs to provide resources to accommodate URLLC UL transmissions as soon as possible to meet the delay requirements. Then, two kinds of consequences can be produced if no UL inter-UE multiplexing is introduced, i.e.

Overlapping with previous scheduled eMBB is not allowed. Then the latency requirement of URLLC UL transmission can hardly be guaranteed due to no resource can be used within a certain time interval; 

Overlapping between eMBB and URLLC UL transmission without any interference avoidance mechanism. Then, neither the eMBB nor URLLC transmissions performance can be guaranteed. 

For the second case, grant free resources are pre-configured for potential URLLC UL transmission, and can be occupied without an UL grant when the traffic arrivals. Considering that the URLLC traffic could be sporadic, it is quite inefficient to always reserve all the grant free resource for it. On the other hand, if multiplexing is allowed, it is also not appreciated to use a consistent scheme for transmitting URLLC regardless of whether the resource have been occupied by eMBB or not. 

Based on above analysis, we can find that supporting UL inter-UE multiplexing is very important for both cases. Furthermore, both grant-based URLLC UE and grant-free URLLC UEs need coexists with eMBB UEs in one network. It is better to define a universal solution for both two cases. 
Observation 1: Supporting UL inter-UE multiplexing is very important for both ‘grant-based URLLC + grant-based eMBB’ case and ‘grant-free URLLC + grant-based eMBB’ case. A solution applicable to both cases is expected. 

In following sub-sections, the potential solution is discussed under different cases. A universal solution is also summarized. 
 Grant-based URLLC and grant-based eMBB
 UL stop/cancel/puncture based solution
An example of UL stop/cancel/puncture based solution has been showed in Figure-1. The resource for grant-based URLLC is scheduled by UL grant2. Meanwhile, an URLLC resource indication can be transmitted to eMBB UE. The eMBB UE should stop/cancel/puncture its uplink transmission when the UL resource indication is detected. In this case, two basic concepts should be defined firstly. The first one is the timing (denoted as “T”) between the end of UL resource indication transmitted and the UE should stop/cancel/puncture its transmission. The other one is the resource region in which the URLLC preemption resource be indicated by the UL resource indication. The resource region is somewhat similar to the reference downlink resource (RDR). We call it as reference uplink resource, e.g., RUR, in this contribution. Figure-1 gives an illustration of above mentioned definitions.

Proposal 1: In case of UL inter-UE multiplexing between grant-based eMBB and grant-based URLLC, UL stop/cancel/puncture based solution can be used, and ‘UL resource indication’ should be introduced for indicating URLLC preemption resource to eMBB UE. 
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Figure-1: An example of UL stop/cancel/puncture based solution

 UL Power Control based solution
UL power control based solution is another option, i.e. boosting the URLLC transmission power on all the resources or only the colliding resources. More specifically, gNB can determine to boost the power of URLLC transmission when the overlapping resource allocation happens. So it seems to be a gNB implementation issue, and few specification efforts are needed. 

However, the solution is not always an efficient way, e.g. URLLC UEs may be unable to further boost its power in case of power limited. Furthermore, some issues caused by boosting URLLC power should also be considered carefully even if URLLC UE has enough power margin for boosting, such as, 

increased power would also introduce more interference to inter-cell URLLC UEs; 

impact the performance of eMBB traffic; 

whether a sufficient reliability of URLLC traffic can be obtained. 

Therefore, we prefer to take UL  stop/cancel/puncture based solution as a baseline solution. UL power control based solution can also be adopted via implementation, i.e. if the signaling transmission(e.g. UL resource indication) is not reliable enough, UL power control based solution can also be used on top of it.
Observation 2: There are various limitations on the application of UL power control based solution.

Proposal 2: Consider UL power control based solution as a supplement of UL stop/cancel/puncture based solution in case of multiplexing between grant-based URLLC and grant-based eMBB. 

 Grant-free URLLC and grant-based eMBB
 UL power control based solution
It is a tricky scenario in case of UL inter-UE multiplexing between grant-based eMBB and grant-free URLLC. In such case, UL stop/cancel/puncture based solution is no longer feasible given that gNB cannot predict in advance whether there is a URLLC transmission on the grant-free resources. 

As an example shown in Figure-2, URLLC UE would use different transmission power basing on whether the grant free resources collision with eMBB or not. Thus, a resource indication of eMBB transmission should be indicated to URLLC UE. 

Similarly, the applicable scenarios and issues cause by boosting URLLC power as description in section 3.2 should also be taken into account carefully. 
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Figure-2 An example of UL stop/cancel/puncture based solution for UL inter UE multiplexing between grant-free URLLC and grant-based eMBB

Proposal 3: For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, UL power control based solution can be used, and ‘UL resource indication’ should be introduced for indicating scheduled eMBB resource to URLLC UE. 

 Candidate resource based solution

As shown in Figure-3, a group of candidate grant free resources in BWP2 have been configured to URLLC UE together with grant free resources in BWP1. It is appreciated to configure the candidate resources in the same time domain location with the first grant free resource. So that there will be no latency influence caused by such multiplexing solution. 
If a UE plans to transmit URLLC in a grant free resource within BWP1, and it is indicated by UL resource indication that the scheduled eMBB overlaps with the traffic grant free resource, then the corresponding candidate grant free resource can be selected for URLLC transmission. 

Alternatively, the candidate grant free resource can also be configured when scheduled eMBB resource overlaps with the first grant free resource via physical layer signaling, e.g. together with resource indication of eMBB transmission.
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Figure-3 An example of candidate resource based solution for UL inter UE multiplexing between grant-free URLLC and grant-based eMBB
Observation 3: Candidate resource based solution can be used especially for the case of UL inter-UE multiplexing between grant-based eMBB and grant-free URLLC UE with power limited. 

Proposal 4: NR should support candidate resource based solution. Either semi-static candidate resource configuration or dynamic candidate resource configuration can be considered. 

 Other complementary solutions 

Based on above analysis, power control based solution and candidate resource based solution may be not always applicable in case of power limited or resource limited. In such cases, other complementary schemes could be investigated. One alternative would be using different OCC on the potential colliding resources. For instance, eMBB UE can spread the transmission with OCC in the overlapping region, and URLLC UE with a different OCC. Another alternative is to let URLLC UE report some assistance information which could be carried in PUSCH/PUCCH. For example, UE reports whether it will have grant-free transmission in the following transmission periodicities. This could be feasible when there is URLLC data in UE’s buffer or UE can predict its following transmission based on the traffic type. gNB should avoid eMBB transmission on corresponding grant-free resources if UE reports that it has URLLC traffic on it. 

Proposal 5: Except for power control/candidate resource 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. 

 Summary of proposed solutions
As discussed above, each of the proposed solutions may be selected according to different multiplexing cases coexisted in one network. But, the resource indication should always need to be indicated regardless of which solution is adopted currently. 
More specifically, URLLC resource occupation within a reference uplink resource can be indicated to eMBB UE for stop/cancelation/puncture of eMBB transmission. On the other hand, eMBB resource occupation within a reference uplink resource can be indicated to URLLC UE for power control/candidate resource handover of URLLC transmission. 

Proposal 6: 

For UL inter-UE multiplexing, NR should consider to introduce ‘UL resource indication’, in which, 

URLLC resource occupation can be indicated to eMBB UE for stop/cancelation/puncture of eMBB transmission; or

eMBB resource occupation can be indicated to URLLC UE for power control/candidate resource handover of URLLC transmission.

 Design of UL resource indication

Frequency domain indication granularity of UL resource indication

For DL inter-UE multiplexing, the preempted resource will be indicated within a reference downlink resource (RDR) by a fixed 14-bits field per cell regardless of the size of RDR. The RDR will be divided into 14 time-frequency resource indication blocks by either of two resource partition methods, which can be called as ‘14*1’ and ‘7*2’ for convenience. Each bit within DL PI corresponds to preemption information for one of the time-frequency resource indication blocks. 

This is a relatively coarse granularity especially for frequency domain resource indication, i.e. the total bandwidth of active DL BWP will be divided into at most two parts. This may not be a serious issue for DL transmission. As shown in left side of Figure-4, the blue region and the red region are resources scheduled for eMBB PDSCH and URLLC PDSCH respectively. The region within red dotted box will be indicated as preempted resources by DL PI under the resource partition method of ‘14*1’. But the gNB can also transmit both URLLC and eMBB PDSCH in each scheduled resource according to the fact that it is a non-preemption case. For the eMBB UE, normal receiving of PDSCH based on DL scheduling will always be performed before the reception of DL PI. DL eMBB reception will not be impacted by the inaccurate indication in DL PI. Thus, no matter whether the preemption indicated in DL PI is accurate or not, the eMBB UE can always receive PDSCH correctly by at most twice decoding attempts. 

For UL inter-UE multiplexing, the influence will be completely different. As shown in right side of Figure-4, the same indication granularity is assumed in UL inter-UE multiplexing. Once a resource is instructed to a preemption resource by UL resource indication, the eMBB UE shall not transmit UL transmission on it any more. Furthermore, it is also a question on whether the scheduled resource behind ‘preemption resource’ can be used for UL eMBB transmission or not as phase continuity of UL eMBB transmission may also be broken. The above influence will involve more UL eMBB transmissions if a larger active UL BWP is configured. 

From the above analysis, a serious influence to UL eMBB transmission will be raised by UL resource indication with such a coarse frequency domain granularity. A finer granularity is expected.
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Figure-4 Comparison results between DL and UL inter-UE multiplexing under the same indication granularity
Observation 4: A serious influence to UL eMBB transmission will be raised by a coarse granularity of frequency resource indication.
Proposal 7: Comparing to DL PI, a finer frequency domain indication granularity should be supported in UL resource indication. 
UE-specific or group common based indication

The number of influenced UEs is different from case to case. If UE-specific signaling is introduced for such indication and more than one eMBB traffic are preempted by URLLC, multiple concurrent DCIs will be needed for a single preemption event. Potential blockage will lead failure notification for some of preempted UEs, and URLLC traffic will then be interfered inevitably. 

A group common based indication seems to be a reasonable choice. As stated above, resources occupied by all UEs with the same type of traffic will be indicated in the UL resource indication. For a certain size of RUR, the payload size of UL resource indication will be consistent no matter how many UEs are preempted. 

Proposal 8: Consider group-common signaling for UL resource indication.

It could be better to align the DCI sizes of UL resource indication for different service types each other. So that both URLLC UE and eMBB UE can share the same UL resource indication. Then, how to differentiate which type of service is indicated in current UL resource indication should be further studied. 
Timeline for UL resource indication

UL resource indication is sent to eMBB UEs in case that grant-based URLLC traffic is scheduled on the resources which had been scheduled for eMBB traffic. Or, UL resource indication is sent to URLLC UEs in case that the resource scheduled for eMBB traffic had been configured as grant-free resource. That is, T should at least be equal or smaller than the time between the UL grant and PUSCH transmission, which the minimum value is N2 (possibly corresponding to capability 2).  In order to make the UL resource indication mechanism workable, eMBB UE should successfully stop/cancel/puncture its transmission within timeline T, and URLLC UE should boost its power or handover its transmission resource within timeline T..
Observation 5: The time T between the end of UL resource indication transmission and when UE adjust its transmission should at least be equal or smaller than N2.
If UL resource indication is introduced in NR, there are mainly two different ways to signal the timing T and RUR 
Alt-1: Both the timing T and RUR are higher layer configured or predefined.
Alt-2: The timing T and/or RUR are indicated dynamically. 
For Alt-2, the timing and the RUR can be more flexibly indicated at the cost of higher DCI overhead. But such flexibility seems not so necessary from our point of view. Also, it is contradictory to the effort on compact DCI Therefore, Alt-1 is preferred. 
Proposal 9: The time T and the reference uplink resource for resource indication are higher layer configured, where T is the time between the end of UL resource indication transmission and when UE adjust its transmission.

 Conclusion

According to the analysis given above, we have the following observations and proposals:

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

Observation 2: There are various limitations on the application of UL power control based solution.

Observation 3: Candidate resource based solution can be used especially for the case of UL inter-UE multiplexing between grant-based eMBB and grant-free URLLC UE with power limited. 

Observation 4: A serious influence to UL eMBB transmission will be raised by a coarse granularity of frequency resource indication.
Observation 5: The time T between the end of UL resource indication transmission and when UE adjust its transmission should at least be equal or smaller than N2.
Proposal 1: In case of UL inter-UE multiplexing between grant-based eMBB and grant-based URLLC, UL stop/cancel/puncture based solution can be used, and ‘UL resource indication’ should be introduced for indicating URLLC preemption resource to eMBB UE. 

Proposal 2: Consider UL power control based solution as a supplement of UL stop/cancel/puncture based solution in case of multiplexing between grant-based URLLC and grant-based eMBB. 

Proposal 3: For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, UL power control based solution can be used, and ‘UL resource indication’ should be introduced for indicating scheduled eMBB resource to URLLC UE. 

Proposal 4: NR should support candidate resource based solution. Either semi-static candidate resource configuration or dynamic candidate resource configuration can be considered. 

Proposal 5: Except for power control/candidate resource 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. 

Proposal 6: 

For UL inter-UE multiplexing, NR should consider to introduce ‘UL resource indication’, in which, 

URLLC resource occupation can be indicated to eMBB UE for stop/cancelation/puncture of eMBB transmission; or

eMBB resource occupation can be indicated to URLLC UE for power control/candidate resource handover of URLLC transmission.

Proposal 7: Comparing to DL PI, a finer frequency domain indication granularity should be supported in UL resource indication. 
Proposal 8: Consider group-common signaling for UL resource indication.

Proposal 9: The time T and the reference uplink resource for resource indication are higher layer configured, where T is the time between the end of UL resource indication transmission and when UE adjust its transmission.
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