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1	Introduction
Inter-UE prioritization for URLLC WI in Rel-16 was finalized in RAN1#99, and some of the remaining issues were addressed in RAN1#100e. However, there are still some open issues that need to be resolved. In this paper we address those open issues, and some text proposals are also included in the paper.

[bookmark: _Ref178064866]2	Discussion
2.1	Limitation on number of blind decodes for CI
In the previous meeting the limitation of number of candidates (BDs) for cancelation indicator was discussed. It is decided that the limitation is applied per monitoring occasion as for SFI with limit X=1 or X=2 (TBD).
As it was mentioned by some companies during RAN1#100e, UE can be configured with sub-slot periodicity and X=1 is preferred in this case. However, we would like to remind that maximum agreed CI monitoring periodicity is 10 slots, thus, configuration flexibility should be maintained with X=2.
[bookmark: _Toc37448038]Support up to two candidates for CI monitoring per occasion (X=2).
2.2	Time duration for CI
There is one open issue from the last meeting related to determination of reference region when one or more than one CI monitoring occasions happen within one slot.
It is unclear whether additional limitation is needed for sub-slot monitoring periodicity: “FFS The UE is not expected to be configured with a time duration for CI less than the time different (in symbols) between any adjacent monitoring occasions in a slot”
Specifically, the issue can be exemplified in Fig. 1. Due to non-uniform distribution of CI monitoring occasions there can be gaps of different sizes between two reference regions. Since CORESET can be placed in any OFDM-symbol within the slot, it can be challenging to cover UL resources by reference regions without overlapping.
[image: ]
Fig. 1 – Reference region size in time is shorter than monitoring periodicity.

[bookmark: _Toc37448034]Gaps between two reference regions can be introduced due to aperiodic CORESET allocation.

In our view more flexibility can be supported by specification, thus, it doesn’t seem necessary to have an additional restriction on timedurationforCI for sub-slot periodicities, because gaps between reference regions can be desirable from gNB point of view, e.g. when URLLC mini-slots can only be scheduled in certain OFDM-symbols of a slot.
For example, for 4os Type B scheduling, every slot can be structured in two ways:
· For URLLC: 3 times of 4os mini-slots, 2os SRS 
· For eMBB: 1-12 os + SRS or 1-14 os slot based PUSCH.
In this example URLLC data cannot even be scheduled in the last two OFDM symbols, thus, there is no reason to cover them by RUR.
[bookmark: _Toc37448035]Gaps between two reference regions can be desirable for gNB because interruptions can be allowed only in specific sets of OFDM-symbols.
[bookmark: _Toc37448039]Do not further restrict configuration of timedurationforCI in case of CI periodicity smaller than a slot.
[bookmark: _Toc24098540]
2.3	Interaction between inter- and intra-UE prioritization in UL
During the last meeting the issue of different UL channel priority cancellation was discussed. The whole discussion was around the example with two users having conflicting high physical layer priority PUSCHs while from QoS point of view one user has even higher priority. Our understanding is that PHY layer may not see higher layers priority directly, thus, such resolution cannot be done by PHY. Therefore, in this example one can only rely on proper configuration and smart gNB implementation.
If we move away from users priority, let’s consider scenario when UE1 has eMBB and URLLC traffic, thus, intra UE prioritization is enabled. To be able to cancel UE1 eMBB transmissions for other URLLC UEs, UE1 is included in a DCI 2_4 monitoring group. When UE1 receives URLLC high priority grant, it can also get CI due to itself simultaneously or later for kicking out eMBB UE2 (see figure 3). In this case there must be a protection of high priority PUSCH. 
[image: ]
Fig. 3 – High-priority PUSCH is scheduled to UE and CI kicks out other UEs

Based on discussion above, we prefer Option 1-1 because it is the only one which can enable co-existence of Intra-UE prioritization and Inter UE pre-emption features.
[bookmark: _Toc37448040]UL CI is only applicable to the UL transmissions indicated/configured as low priority level (Option 1-1).

In the figure 3 we are touching another issue “Scheduling and cancellation at the same time”. Once again, if cancellation indicator comes together with DCI for scheduling high priority PUSCH which was a reason for CI transmission, such behavior should be allowed.

In contrast to Fig.3, one can consider another example in Fig. 4 which is simultaneous transmission of CI and scheduling of low priority PUSCH. Basically, the case in the Fig. 4 doesn’t make sense because in case of smart gNB implementation, scheduler should prepare full set of scheduling/cancellation commands and then place them into one or more simultaneous CORESET(s). Scheduling and simultaneous cancellation of low priority PUSCH can be considered as error case. However, this doesn’t preclude that DCI 0_x and DCI 2_4 are configured to be monitored in the same search space because DCI 2_4 can cancel PUSCH scheduled earlier in this case.


[image: ]
Fig. 4 – gNb is not expected to schedule low priority PUSCH and cancel it simultaneously.


[bookmark: _Toc37448041]Scheduling DCI and cancellation indicator can come at the same time covering overlapped resources only if scheduling DCI is for high priority PUSCH.

Another question is what prioritization order should be chosen when intra and inter UE prioritization take place. In our view, if only low priority PUSCH can be cancelled, then prioritization order doesn’t matter and there will be no ambiguity. This can be demonstrated by the example in Fig. 5. The outcome of the two alternative in the left and right side of the figure is the same regardless of cancellation area position.
[image: ]
Fig. 5 – Example of different intra/inter UE prioritization orders when only low priority PUSCH can be cancelled.

[bookmark: _Toc37448036]Intra/inter UE prioritization order doesn’t have any impact on prioritization outcome if only low priority PUSCH can be cancelled.

However, from UE complexity point of view it might be beneficial to resolve intra-UE collisions first and then apply cancellation indicator. For example, UE may ignore processing of cancellation indication if outcome is clear based on intra-UE collision resolution.
[bookmark: _Toc37448042]Handling of intra-UE prioritization/multiplexing for overlapping UL transmissions is performed firstly and handling of inter-UE cancellation for UL transmission overlapping with resources by UL CI is performed secondly (Option 1)

[bookmark: _Hlk37230315]2.4	Whether another UL transmission can be scheduled in non-pre-empted resource
Our understanding of the issue is illustrated in the figure 7. Both transmissions PUSCH1 and PUSCH2 belong to the same UE and having the SAME priority.

[image: ]
Fig. 7 – Scheduling of another transmission in non-pre-empted area for the same UE

In our understanding this behavior breaks in-order rule defined in TS38.214 according to which the PUSCH2 can’t be started until end of PUSCH1. 
One can think that since PUSCH1 is cancelled then in-order rule doesn’t hold anymore, however, since reception of CI can’t be 100% guaranteed, UE can finally receive two DCIs for same priority PUSCHs without CI, which is not expected. Moreover, similar question was already resolved in intra UE prioritization discussion where the following agreement was reached:
Agreement:
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is not expected to be scheduled to transmit in the non-overlapping canceled symbols

[bookmark: _Toc37448043]UE is not expected to be scheduled with another UL transmission of the same priority in non-pre-empted resource when two PUSCH are out-of-order.

2.5	TS 38.213 specification improvement
Processing of CI and start of reference region was defined as the following:

“…  corresponds to the PUSCH processing capability 2 [6, TS 38.214] assuming  with  being the smallest SCS configuration between the SCS configurations of the PDCCH and of a PUSCH transmission or of an SRS transmission on the serving cell. “

However, there is no Capability 2 defined for FR2, thus, it must be clarified that if capability 2 is not defined for certain combination of SCS and FR, UE should follow capability 1.
[bookmark: _Toc37448037]Since capability 2 is not defined for FR2, definition of reference region start is not clear from current version of specification.
[bookmark: _Toc37448044]Clarify definition of Tproc,2 for FR2.
[bookmark: _Toc37448045]Adopt the following TP for TS38.213
TP for section 11.2A of TS38.213
------------------------------------------ Start of proposed change ------------------------------------------
An indication by a DCI format 2_4 for a serving cell is applicable to a PUSCH transmission or a SRS transmission on the serving cell. For the serving cell, the UE determines the first symbol of the  symbols to be the first symbol that is after  from the end of a PDCCH reception where the UE detects the DCI format 2_4, where  is provided by XXX higher layer parameter delta_offset_d.  corresponds to the PUSCH processing capability 2 [6, TS 38.214] assuming  with  being the smallest SCS configuration between the SCS configurations of the PDCCH and of a PUSCH transmission or of an SRS transmission on the serving cell. Processing capability 1 should be used if processing capability 2 is not defined for a pair of Frequency Range and SCS in [6, TS 38.214]. The UE does not expect to cancel the PUSCH transmission or the SRS transmission before a corresponding symbol that is  after a last symbol of a CORESET where the UE detects the DCI format 2_4.
------------------------------------------- end of proposed change   ------------------------------------------


3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Gaps between two reference regions can be introduced due to aperiodic CORESET allocation.
Observation 2	Gaps between two reference regions can be desirable for gNB because interruptions can be allowed only in specific sets of OFDM-symbols.
Observation 3	Intra/inter UE prioritization order doesn’t have any impact on prioritization outcome if only low priority PUSCH can be cancelled.
Observation 4	Since capability 2 is not defined for FR2, definition of reference region start is not clear from current version of specification.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Support up to two candidates for CI monitoring per occasion (X=2).
Proposal 2	Do not further restrict configuration of timedurationforCI in case of CI periodicity smaller than a slot.
Proposal 3	UL CI is only applicable to the UL transmissions indicated/configured as low priority level (Option 1-1).
Proposal 4	Scheduling DCI and cancellation indicator can come at the same time covering overlapped resources only if scheduling DCI is for high priority PUSCH.
Proposal 5	Handling of intra-UE prioritization/multiplexing for overlapping UL transmissions is performed firstly and handling of inter-UE cancellation for UL transmission overlapping with resources by UL CI is performed secondly (Option 1)
Proposal 6	UE is not expected to be scheduled with another UL transmission of the same priority in non-pre-empted resource when two PUSCH are out-of-order.
Proposal 7	Clarify definition of Tproc,2 for FR2.
Proposal 8	Adopt the following TP for TS38.213
[bookmark: _GoBack]
TP for section 11.2A of TS38.213
------------------------------------------ Start of proposed change ------------------------------------------
An indication by a DCI format 2_4 for a serving cell is applicable to a PUSCH transmission or a SRS transmission on the serving cell. For the serving cell, the UE determines the first symbol of the  symbols to be the first symbol that is after  from the end of a PDCCH reception where the UE detects the DCI format 2_4, where  is provided by XXX higher layer parameter delta_offset_d.  corresponds to the PUSCH processing capability 2 [6, TS 38.214] assuming  with  being the smallest SCS configuration between the SCS configurations of the PDCCH and of a PUSCH transmission or of an SRS transmission on the serving cell. Processing capability 1 should be used if processing capability 2 is not defined for a pair of Frequency Range and SCS in [6, TS 38.214]. The UE does not expect to cancel the PUSCH transmission or the SRS transmission before a corresponding symbol that is  after a last symbol of a CORESET where the UE detects the DCI format 2_4.
------------------------------------------- end of proposed change   ------------------------------------------


[bookmark: _In-sequence_SDU_delivery]4	References
[bookmark: _Ref174151459][bookmark: _Ref189809556]TS38.213, Physical layer procedures for control (Release 16), v16.1.0, March 2020.
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