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1	Introduction
Inter-UE prioritization and multiplexing for UL transmission was identified as an area that may need to be addressed to achieve the objectives for URLLC use cases. This topic was discussed during Rel-15 as well. Currently for Rel-16 two solutions have been agreed: the pre-emption based solutions and power control based solutions. The list of agreements had been made on previous meetings are listed below however, further discussions are needed to determine the  solutions with corresponding design details.
Agreements on RAN1#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 behaviors 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 on RAN1#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.

Agreements on RAN1#95AH:
· Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
· UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.
· Aim to downselect the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI)
· Introduce the following TP to the TR:
· Enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. The potential enhanced UL power control may include UE determining the power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI, or based on group-common DCI indication. Increased TPC range compared to Rel-15 may also be considered. Power boosting is not applicable to power limited UEs.

Agreements on RAN1#96:
· Recommend both UL cancelation scheme and enhanced UL power control scheme to be specified. 

Agreements on RAN1#96bis:
· Working assumption:
· PDCCH is used for UL cancelation indication 
· The Working assumption can be revisited if the DCI for cancelation indication only carry very small number of information bits, e.g. 1 bit. 
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
· Further discuss which UL transmissions that can potentially be cancelled by the UL cancelation indication, including
· Dynamic scheduled UL transmissions, including PUSCH, PUCCH, SRS
· Semi-persistent UL transmissions, including PUSCH, PUCCH, SRS
· Periodic UL transmissions, including configured grant PUSCH, PUCCH, SRS
· PRACH
· Further discuss, aiming for down-selection, the group common DCI and UE-specific DCI for UL cancelation indication 
· For group common DCI (different from Rel-15 SFI)
· UE is configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies
· For UE specific-DCI
· When applicable, UE is configured to monitor a second UL grant for the same TB as an earlier PUSCH indicating UL cancellation before the end of the earlier PUSCH transmission. In this case, the UE follows the UL cancellation indication.   
In this contribution we provide more analysis and focus on clarifying further details of the two schemes, i.e. UL preemption indication and UL power control.
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In general, there are two options that have been discussed for enabling dynamic resource sharing, when needed, between traffic with different priorities such as eMBB and URLLC. The choice should serve the purpose with reasonable limits on the complexity incurred. 
The idea behind inter-UE multiplexing is the following. Based on the request from some UEs for urgent transmission of high priority UL traffic (URLLC traffic), the gNB needs to provide resources to accommodate transmissions as soon as possible to meet the delay requirements. It can happen that the gNB has already assigned the suitable UL resources to one or multiple other UEs for UL transmissions with less stringent requirements in terms of delay (eMBB traffic). Hence, the gNB needs to re-schedule those resources for the prioritized URLLC transmissions. In section 2.2 we go through some of the design choices a little bit more in detail.
Irrespective of the enabling mechanism (muting or power control) this goal would be achieved at the cost of 1) additional signalling and complexity both at UE and gNB due to changing ongoing or planned UL transmissions and 2) impact to the performance of eMBB traffic. For the cost to be worth investing, it is important to adopt a mechanism that ensures best the required quality of the URLLC transmissions.
The fundamental drawback with power control-based schemes is that the URLLC transmissions would suffer from the interference originating from transmissions controlled by the serving gNB where in fact those transmissions could have been de-prioritized. To study further possible negative impact on URLLC transmission a simulation work has been done on link level. This was presented in [2], where it was shown that using power control only very robust MCSs can ensure URLLC reliability, otherwise there is a high chance of BLER floor appearing. Moreover, power boosting of URLLC transmissions, is firstly only possible for non-power-limited UE, and secondly would not only increase the interference for neighbouring cells, but also impact the performance of eMBB traffic. On the other hand, one of the advantages of using power control based schemes is that it can be effective also when the interfering UE cannot be pre-empted in time, for example when the non-URLLC UE does not support uplink pre-emption or when it is not monitoring PDCCH frequently enough. Also, we see that there are situations where it would be enough from a URLLC perspective to just reduce the transmit power for the interfering eMBB UE. This would however require the eMBB UE to frequently monitor PDCCH.
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Based on the working assumption from the last RAN1 meeting (RAN1#96b) PDCCH is used for UL pre-emption indication. The following discussion is based on the working assumption, and builds up the design further based on that. 
2.1.1	UE-specific or group signalling
For a latency critical UL transmission, the gNB has to allocate suitable resources. For this purpose, mini-slot type of resource (i.e. short duration in time) are best suited. Achieving other performance requirements, such as required reliability, can be assisted by, for example, suitable allocation in frequency domain up to the entire UL active BWP. These suitable resources may have already been assigned specifically to one or multiple UEs that therefore need to be pre-empted.
This implies that although the UL pre-emption indication is in fact effective in a UE-specific manner, it is a better design choice to consider a group common UL pre-emption indication with the flexibility to adjust the group size depending on the scenario, from a single UE to multiple UEs, as needed. This approach preserves the properties for the single UE case while reducing signalling overhead and blocking probability in case multiple UEs need to be pre-empted.
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2.1.2	Monitoring of UL pre-emption indication
As discussed above, upon a request for transmission of latency-critical UL data, the gNB has to inform some UEs to stop their transmission and free up the resources for the high priority data, as soon as possible. This requires that the UE should be able to monitor the UL pre-emption indication as frequently as possible to be able to react in case of sudden arrival of delay critical UL traffic. Rel-15 already supports CORESET monitoring to enable mini-slot transmissions which are essential for supporting URLLC traffic. To balance the need of frequent monitoring with the increased UE processing burden, a reasonable sub-slot based monitoring periodicity should be supported. 
To get a rough estimate of the required monitoring periodicity of UL pre-emption indication we note that there are two main parameters that should be considered. 
· URLLC data preparation in UL (N2)
· eMBB time to stop the transmission (T_PI) which is PI-preparation(gnB)+sending+processing(eMBB UE)+(shut up time for eMBB UE)

It is desired that T_PI<N2, which is difficult to guarantee unless all of the contributing times in the T_PI are reasonably low. In order to make sure that T_PI<N2 it is preferred that the time used for sending the pre-emption indication to the UE is the shortest. To address this need it is proposed to have the monitoring periodicity of 2 symbols
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2.1.3	Group common signalling
Aiming to reuse the already existing mechanism, when possible, it has been considered to reuse the design of DL pre-emption indication (DCI format 2_1). Note that by reusing the design can mean either using the exact same structure by re-interpreting the fields if possible, or a design simply based on the general structure of DL pre-emption.
If DL pre-emption mechanism is adopted for the UL pre-emption, it can enable a gNB to indicate to a UE with finer granularity which resources are pre-empted by using a bit map pattern. Since a stop without resume is supported according to the agreement from RAN1#96b, there might not be a need for a detailed indication in the UL pre-emption.
Since the reception of the pre-emption indication at the UE side may be crucial to maintain URLLC reliability we also see a need to keep the DCI size small. We note that using a bit map pattern similar to DCI 2_1 may not be needed for UL pre-emption and a more compact representation could be advantageous. On the other hand, a smaller DCI format means that it is not possible to have the size aligned to for example DCI format 2_1.
From our point of view, the decision on the type of group common signalling for UL pre-emption depends on resolving one key design issue, which is the UE behaviour when detecting an UL pre-emption indication. It is already agreed that a stop without a resume is supported. If resume is also supported, then a larger DCI format might be needed for the pre-emption indication. However we think that resuming an interrupted transmission has several issues that need to be resolved and they might be expensive solutions for a rather infrequent scenario.  As an example one problem with resuming the UL transmission is the applicability of the channel estimations based on DMRS that might be in the first part of the transmission or the second part of the transmission to the rest of the transmission. Another issue with resuming  is the phase continuity, i.e. whether phase continuity can be assumed after a period that transmission was stopped.
Regarding the granularity of the indication in time and frequency, it is noted that the URLLC data is not likely to cover more than a few symbols. Having a structure of DL pre-emption indication in mind, one can allow more granular frequency domain indication while shortening the time domain indication due to need for a shorter time domain indication. Indication of the pre-emption can be based on a bitmap corresponding to a time-frequency grid.
Based on the above discussion, we propose the following:
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In Rel-16, consider UL pre-emption indication design based on bit map that corresponds to a time-frequency grid. 
A granular frequency domain indication is useful for resource efficiency
2.2	Power control
In RAN1#96b it was concluded that the group should discuss further the following power control enhancements:
· Increased TPC range
· FFS details, e.g. supported value range, number of TPC bits, accumulated and/or absolute TPC, configurability of the TPC tables, applicability to SRS/PUCCH. 
· Indication of open-loop parameter sets based on scheduling DCI without using SRI 
· Indication of open-loop parameter sets based on GC-PDCCH
In the following we discuss these solutions and focus on the advantages and disadvantages of each solution. 
Using the close loop power control could imply using either the existing Rel-15 TPC table with 4 entries and just use a different step size, which means that the UE should interpret the 2 bit TPC command differently compared to Rel-15. Then in order to indicate to the UE which values should be used an indication (e.g. a single bit) in the DCI is needed. The problem with this solution is that the TPC values are hard-coded in the specification and the power control steps are limited. Another solution based on the closed loop power control parameter is to increase the number of TPC bits. Although this solution is more flexible in terms of TPC values, it requires a change in the TPC table and result in additional bits in the TPC field in the DCI.
The second proposed solution is based on indication of open loop power control. In Rel-15 NR, different sets of P0 and alpha are associated with different beams for PUSCH, in RRC configuration. Then in the scheduling DCI, one of the configured sets is indicated to be used for UL transmission, using SRI field. This approach can be used for boosting power of the URLLC UE by defining two sets of P0 and alpha values for the same set of beams. There might be a need to add additional indication in DCI for using the boosted power, which can be studied further.
The second solution which is based on open loop power control parameter seems to be more efficient in terms of signalling and also specification effort. Also for a power boost of e.g. 10dB, it is faster to perform it by means of open loop power control, rather than TPC commands with possibly other steps. Also similar advantage exists in deboosting power to the original level.
 
Open loop power control can be used to boost up the power of URLLC. FFS how to indicate to the UE to boost up power

Conclusion
Based on the discussion in the previous sections we make the following observation and proposals:
1.         In Rel-16, consider group-common signalling for UL pre-emption indication
Support monitoring periodicity of 2 symbols for group-common signalling for indicating UL pre-emption
Do not support resume after a stop in Rel-16
In Rel-16, consider UL pre-emption indication design based on bit map that corresponds to a time-frequency grid. 
A granular frequency domain indication is useful for resource efficiency
Open loop power control can be used to boost up the power of URLLC. FFS how to indicate to the UE to boost up power
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