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Introduction
This contribution considers open issues for completing the specifications on UL inter-UE multiplexing for different priority types.


Remaining issues on inter-UE multiplexing
Number of PDCCH candidates for DCI format 2_4
The possible values based on the RAN1#100-e discussions for the number of PDCCH candidates for DCI format 2_4 are 1 and 2. The value of 1 has been argued to be beneficial for fast decoding of DCI format 2_4 to meet cap 2 cancellation timeline even when PDCCH/PUSCH is with cap 1 processing while a value of 2 has been argued to be beneficial in giving the gNB additional flexibility. The tradeoff is rather marginal as, although dependent on UE implementation, a time difference between decoding 1 and 2 PDCCH candidates is expected to be negligible while the additional flexibility to the gNB by having more the 1 PDCCH candidates for DCI format 2_4 is also negligible as more than 1 candidates can be configured for other DCI formats and it is also possible to use different CORESETs. One more aspect to consider is the limitation in the number of non-overlapping CCEs a UE can perform channel estimation per slot that will practically limit the number of PDCCH candidates to 1 especially for short monitoring periodicity – but this is also under the gNB control and does not directly affect whether the maximum number of PDCCH candidates for DCI format 2_4 is 1 or 2.  

Based on the above analysis, a maximum of either 1 or 2 PDCCH candidates for DCI format 2_4 is acceptable. 

Proposal 1: Down-select between 1 and 2 for the maximum number of PDCCH candidates of search space sets associated with DCI format 2_4. 


Cancellation/Multiplexing Order
A UE can cancel a transmission due to collision with another transmission of higher priority from the UE or due to UL CI. Also, in case of PUCCH resource overlapping, a PUCCH transmission may be cancelled due to a determination of a new PUCCH resource or due to cancellation indication by SFI. The order of cancellation should be specified as it affects the final transmission by the UE. A similar discussion is expected for Rel-15 due to SFI. It is preferable that the UE first performs intra-UE/inter-UE multiplexing/cancellation of transmissions. If the result is indicated for cancellation by UL CI or SFI, the transmission can be cancelled. This allows a simpler UE implementation and specifications. It also allows for SFI/UL CI to be modular/ad-on functionalities (e.g. a Rel-15 not supporting Rel-16 ‘URLLC’ features except UL CI, will not need to change the implementation for resolving overlapped PUCCH transmissions). Although first applying SFI/UL CI may more often avoid dropped transmissions, this to a large extent controllable by the gNB and the impact on spectral efficiency is expected to be negligible thereby making specification and UE implementation considerations the primary metric. Nevertheless, UL CI should be treated in the same manner as SFI and a conclusion can follow the one for SFI (currently TBD).

Proposal 2: The order for cancelling transmissions due to UL CI indication or due to resource overlapping for same (PUCCH) or different priorities is same as the ordering for cancelling transmissions due to SFI indication or due to PUCCH resource overlapping in Rel-15.


Interaction of UL CI and PUSCH/SRS scheduling
One error case that a UE should not be expected to handle is for the UE to detect DCI format 2_4 with UL CI indicating cancellation of transmissions in a set of time-frequency resources at a first PDCCH monitoring occasion and detect a DCI format scheduling a PUSCH/SRS transmission in a second PDCCH monitoring occasion that does not start earlier than the first PDCCH monitoring occasion. A same error case exists for the SFI [1].

Proposal 3: A UE does not expect to:
-	detect a DCI format 2_4 in a first PDCCH monitoring occasion, 
-	detect a DCI format scheduling a PUSCH or SRS transmission in a second PDCCH monitoring occasion that is not earlier than the first PDCCH monitoring occasion, and
-	the PUSCH or SRS transmission to include resources indicated for cancellation of transmissions by the UL CI in DCI format 2_4.


One issue with UE implementation impact is whether a UE can drop a PUSCH transmission due to an UL CI indication but can be scheduled another PUSCH transmission in symbols that were included in the dropped PUSCH transmission. This is in principle a gNB implementation issue without specification impact. However, cancelling an ongoing PUSCH transmission and simultaneously preparing to transmit another PUSCH transmission on at least some of the same symbols is complex for a UE. There is also very little to be gained from a system efficiency perspective by a gNB rescheduling the same UE over such symbols particularly since the gNB can schedule another UE in those symbols. Instead of defining a new UE capability and processing timeline(s), it should be an error case for a UE to detect a DCI format 2_4 with UL CI indicating cancellation of a transmission and then detect a DCI format (at a same or later PDCCH MO) that schedules a new transmission on symbols that include symbols of the cancelled transmission. The priority of the new transmission is irrelevant as the issue relates to UE implementation complexity. 

During RAN1#100-e discussions it was mentioned that a PUSCH transmission can still be scheduled if it is a CG-PUSCH that the UE drops due to the UL CI indication. This is not problematic as dropping a CG-PUSCH with enough dropping timeline is acknowledged at MAC and such dropped CG-PUSCH is not counted as processed in terms of FG5-1/5-12. The CG-PUSCH is already considered as dropped before it is cancelled by UL CI and it is therefore not subject to the UE processing restrictions. Therefore, in case the cancelled PUSCH transmission is a CG-PUSCH, a new PUSCH transmission can be scheduled on symbols that include symbols of the dropped GC-PUSCH transmission. Then, the issue is whether to go for specification simplicity or treat CG-PUSCH separately. The following proposal opts for specification simplicity. Also, as the CG-PUSCH transmission may not be known to the gNB, instead of a “does not expect to be scheduled”, a “does not expect to transmit” can be used. 

Proposal 4: A UE that cancels a transmission over a number of symbols in a slot based on an UL CI indication does not expect to transmit another PUSCH over the number of symbols.


Channel priorities applicable for UL CI indication
This issue was extensively discussed in RAN1#100-e. Current specifications allow the gNB to choose whatever transmission the gNB prefers to cancel and there is no restriction on a priority indicated for the transmission. This is sufficient as the gNB can always avoid the UL CI indicating resources associated with transmissions that the gNB prefers to not cancel. An update to the specifications to specify that a particular channel priority (priority 1) is not subjected to UL CI or to configure to a UE the channel priorities that are subjected to UL CI is neither essential nor can provide any material performance benefit. 

Observation 1: There is no need for additional specification support to define channel priorities that the UL CI is applicable for. 


When the UE monitors PDCCH for DCI format 2_4 
As it has been previously discussed, when a UE monitors PDCCH for detection of DCI format 2_4 is a UE implementation issue. The specifications only need to capture the search space set configuration and the UE behavior based on the DCI format 2_4 detection. If the UE does not have any transmissions to cancel based on a potential DCI format 2_4 detection, it is up to the UE implementation whether or not to monitor PDCCH for detection of DCI format 2_4. The same applies in Rel-15 for detection of DCI format 2_1.

Observation 2: There is no need for additional specification support to define when a UE can skip PDCCH monitoring for detection for DCI format 2_4. 


BWP Switching and DCI format 2_4 detection 
It has been suggested to redefine when a UE can expect to transmit or receive due to a BWP change in order for the UE to immediately detect a possible DCI format 2_4 after the BWP change. If a BWP change happens due to DL traffic, there is no issue as the UE will receive PDSCH after the BWP change. If the BWP change happens due to a SR/BSR transmission from the UE, a problem will occur if the gNB needs to cancel transmissions between the time of the BWP change and the time of the PUSCH transmission, that the gNB cannot find any frequency resources not occupied by the BWP transmission, and that this happens when there is an UL BWP change for the UE. Overall, the probability of such event is negligible and the event itself can be controlled by the gNB (PUSCH transmission occurs at or shortly after the BWP change). 

Observation 3: There is no need to change when a UE can transmit or receive after a BWP change. 


Conclusions
This contribution considered aspects related to inter-UE multiplexing/interference avoidance and proposes the following.

Proposal 1: Down-select between 1 and 2 for the maximum number of PDCCH candidates of search space sets associated with DCI format 2_4. 

Proposal 2: The order for cancelling transmissions due to UL CI indication or due to resource overlapping for same (PUCCH) or different priorities is same as the ordering for cancelling transmissions due to SFI indication or due to PUCCH resource overlapping in Rel-15.

Proposal 3: A UE does not expect to:
-	detect a DCI format 2_4 in a first PDCCH monitoring occasion, 
-	detect a DCI format scheduling a PUSCH or SRS transmission in a second PDCCH monitoring occasion that is not earlier than the first PDCCH monitoring occasion, and
-	the PUSCH or SRS transmission to include resources indicated for cancellation of transmissions by the UL CI in DCI format 2_4.

Proposal 4: A UE that cancels a transmission over a number of symbols in a slot based on an UL CI indication does not expect to transmit another PUSCH over the number of symbols.

In addition, the following observations are made.

Observation 1: There is no need for additional specification support to define channel priorities that the UL CI is applicable for. 

Observation 2: There is no need for additional specification support to define when a UE can skip PDCCH monitoring for detection for DCI format 2_4. 

Observation 3: There is no need to change when a UE can transmit or receive after a BWP change. 
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