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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 the discussion goes around two main alternatives: the pre-emption based solutions and power control based solutions. The list of agreements had been made on previous meetings [1][2], however, further discussions are needed to determine the candidate 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#94AH:
· 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.


In this contribution we provide more analysis and focus on clarifying further details and also on comparison of the two schemes.
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2.1	UL inter-UE multiplexing by pre-emption or power control
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.
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. 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. There can be scenarios that the power control-based approaches statistically provide reasonable performance for both URLLC and eMBB traffics. However, it is important to keep in mind that the inter-UE multiplexing is intended for robust and reliable transmission of URLLC traffic with unpredictable and sporadic arrival characteristics. Otherwise, other mechanisms such as allocating dedicated resources to UEs via configured grants, that are already supported are more appropriate for serving more frequent URLLC traffic. Hence, from our point of view, with pre-emption-based schemes, by cancelling the on-going or pre-scheduled eMBB UL transmissions on the suitable resources that the gNB intends to use for URLLC transmissions, the gNB at least avoids possible degradation of the URLLC traffic performance due to its self-inflicted interference. It should be noted here that the discussion here relates to PUSCH transmissions where other options are more suitable for controlling reliability. For PUCCH the options are more limited.
To study further possible negative impact on URLLC transmission a simulation work has been done on link level. This was presented in [6], 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.
Based on the above discussion, we propose the following:
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2.2	UL pre-emption signalling
In RAN1#95AH it was agreed that details of the UL pre-emption signalling method should further be discussed and decided. Some of these details include 
· Whether PDCCH or sequence is used to indicate a pre-emption
· In either of the two cases, whether it is group common signaling or UE specific signaling should be used
· If PDCCH is used, whether UE PDCCH monitoring capability should be increased
· Whether the UE should resume the eMBB transmission afterward or cancel the eMBB transmission

2.2.1	UE-specific or group signalling
Regarding the medium for sending the indication, in our view it is better to use an existing channel rather than introducing a new signal. One reason is that introducing a new signal, causes more overhead and from a resource efficiency point of view it is not preferred. In our understanding, reusability has been a general consideration in designing the physical channels in NR, and unless a physical channel reuse is not possible a new signal can be introduced.
[bookmark: _Toc1164099]Use PDCCH to indicate UL pre-emption
2.2.2	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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2.2.3	Monitoring of UL pre-emption indication
As discussed above, with the arrival of delay critical UL transmissions, the gNB has to inform the affected UEs, 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, it should be studied how frequently the group common signalling for pre-emption indication should be monitored.
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2.2.4	Candidates for group common signalling
Aiming to reuse the already existing mechanism, when possible, the two following options are mainly considered for group common signalling of 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 (DL pre-emption indication) 

In option 1, it is proposed to use the existing dynamic SFI and define a new (or extended) UE behaviour as follows. When a UE detects an assignment flexible (or DL) for the symbols that have already scheduled by UE specific signalling for UL transmissions, the UE completely cancels the UL transmissions. This design choice is based on two assumptions, i.e., for the purpose of UL pre-emption, 1) dynamic SFI overrides UE specific signalling and 2) the pre-empted UL transmission is not delayed and resumed but simply cancelled. This approach is simple and requires less processing time at the UE due to the need for only cancelling UL transmissions. However, it requires to define a new behaviour which is based on the assumption that a later SFI over-riding a prior UE-specific DCI which by itself is contradictory with the design philosophy used in Rel-15. Moreover, relying on the existing SFI regime for the simplicity reasons implies that the specified SFI table for Rel-15 (i.e. Table 11.1.1-1 in TS 38.213) should be used. With careful examining the entries of this table, one can observe limitations on where the UL transmission cancellation can occur as compared to a bit map pattern that provide full flexibility.
In option 2, the DL pre-emption mechanism can be adopted for the UL pre-emption indication. This approach enables a gNB to indicate to a UE with finer granularity which resources are needed to be pre-empted by using a bit map pattern. This mechanism is flexible in the sense that depending on how the UE behaviour is defined or its capability, the bit map pattern can be used to indicate when the UL transmission should be stopped without resuming transmission afterwards. Or alternatively, it can be used to indicate to the UE when to stop and then resume the UL transmission if the UE is capable of such operation in reasonable time. 
From our point of view, the decision on the type of group common signalling for UL pre-emption depends on resolving the key design issue listed below:
· UE behaviour when detecting an UL pre-emption indication (simply stop or stop and resume depending on the capability)

Based on the above discussion, we propose the following:
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i. [bookmark: _Toc1164103]Option 1: UL pre-emption indication based on DCI format 2_0 (dynamic SFI)
ii. [bookmark: _Toc1164104]Option 2: UL pre-emption indication design similar to DCI format 2_1 (Group common DL pre-emption indication)

[bookmark: _Toc1164105]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
2.3	UE processing time
As mentioned previously, with the arrival of delay critical UL transmissions, the gNB has to inform the affected UEs as soon as possible. The feature discussed here would be meaningful if the UE is capable of reacting to the commands transmitted by gNB fast enough, including the UEs intended to interrupt their corresponding UL transmissions and the UEs intended to transmit the delay critical UL traffic. 
Moreover, 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. The UE in such situation only needs to mute the transmission and is not required to prepare a UL transmission (e.g. PUSCH) which requires encoding and mapping to physical resources. However, if the UL transmission is going to be resumed after muting, further study is needed to determine the minimum required processing time.
It is worthwhile mentioning that supporting more advanced UEs in Rel-16 with shorter processing time is crucial for proper NR operations to serve delay critical services. This is further discussed in our companion contribution[5].
[bookmark: _Toc1164106]In Rel-16, support new UE capability with shorter processing time than Rel-15.

Conclusion
Based on the discussion in the previous sections we propose the following:
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	Use PDCCH to indicate UL pre-emption
Proposal 3	In Rel-16, consider group-common signalling for UL pre-emption indication
Proposal 4	Study the appropriate monitoring periodicity of group-common signalling for indicating UL pre-emption
Proposal 5	In Rel-16, consider the following options as baseline candidates for the design of group common signaling for UL pre-emption:
i.	Option 1: UL pre-emption indication based on DCI format 2_0 (dynamic SFI)
ii.	Option 2: UL pre-emption indication design similar to DCI format 2_1 (Group common DL pre-emption indication)
Proposal 6	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 7	In Rel-16, support new UE capability with shorter processing time than Rel-15.
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