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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#100, we discussed the following issues, which are to be discussed in this meeting [1], [2]:
Issue 3-1: A UL channel with which priority level can be cancelled by UL CI?
After a very long discussion, no conclusion could be made. The issue can be discussed in RAN1#100bis if necessary. 
Issue 3-2: UE behaviour in case of simultaneous UL prioritization/multiplexing for intra-UE and inter-UE cancellation
Postponed to RAN1#100bis
Issue 5: Whether another UL transmission can be scheduled in the cancelled symbols that do not overlap with the resource indicated by UL CI
Postponed to RAN1#100bis
Issue 8: scheduling and cancellation at the same time
Postponed to RAN1#100bis

This contribution discusses these issues and offer some proposals.
2. Discussions 
2.1 Self Pre-emption & L1 Priority Levels
The UL CI is intended to cancel eMBB PUSCH transmission in one UE so that it allows another UE’s URLLC transmission to reach the gNB without interference when their uplink transmissions overlap.  In a scenario where the UEs serve only one type of traffic, e.g. either eMBB or URLLC, then the configuration will be such that only eMBB UEs are configured to monitor UL CI whilst URLLC UEs are not configured for UL CI.  Hence, only UEs with eMBB transmission will be cancelled and transmissions from URLLC UEs go through without interference.  
A UE can support multiple types of traffics, e.g. eMBB and URLLC.  The network may wish to cancel the eMBB transmission of a UE supporting both eMBB & URLLC and so configures it to monitor UL CI but in the current system, this may lead to the network also cancelling the URLLC transmission of that UE.  The physical layer has only 2 priority levels to resolve intra-UE collisions, whereas the logical level has 16 priority levels and so the physical layer priority levels at the intra-UE level may not be applicable at the inter-UE level.  An example is shown in Figure 1, where UE1 and UE2 both support eMBB & URLLC, where:
· UE1 transmits PUSCH#1 for a real time game and so PUSCH#1 is indicated as high priority at the physical layer
· UE2 transmits PUSCH#2 which is triggered when the person falls down and so PUSCH#2 is also indicated as high priority at the physical layer
Both UEs’ PUSCH transmissions are high priority at the intra-UE level but if PUSCH#1 and PUSCH#2 collide, the network should prioritise PUSCH#2 since PUSCH#2 carries information concerning a person’s wellbeing whereas PUSCH#1 carries only data for entertainment purpose, i.e. the network should cancel PUSCH#1 to let PUSCH#2 through without interference.  However, in the current system, if both UEs are configured to monitor UL CI then both PUSCH#1 and PUSCH#2 will be cancelled and nothing is transmitted.  That is the pre-emptor, PUSCH#2, is self-pre-empted.
Observation 1: A UE supporting multiple traffic types, e.g. eMBB & URLLC, may be configured to monitor UL CI, which can lead to self pre-emption.
Observation 2: The two L1 priority levels introduced to manage intra-UE collision are not applicable for handling inter-UE collision.
[image: ]
[bookmark: _Ref35962036]Figure 1: UL CI on two UEs that support multiple traffic types

Issue 3-1 on which priority level can be cancelled by UL CI [1] and Issue 8 raised in RAN1#100 [2], address the issues described in Figure 1 and are therefore related.  For Issue 3-1, the following options were considered:
· Option 1: For a given UE, UL CI is only applicable to the UL transmissions indicated/configured as low (L1) priority level
· Option 2: For a given UE, UL CI is applicable to UL transmission irrespective of its (L1) priority level. [2]
· Option 3: RRC configuration between option 1 and option 2

Option 1 assumes that the physical layer (L1) priority level that is used to handle intra-UE collision can be used for inter-UE collision which, as shown in the example in Figure 1, is not valid.  Using the example in Figure 1, Option 1 will result in both PUSCH#1 and PUSCH#2 being transmitted thereby interfering with each other.
Option 2 is the status quo, which does not solve the self pre-emption issue.  Using the example in Figure 1, both PUSCH#1 and PUSCH#2 are not transmitted which is not the intention of the network.
Observation 3: Option 1 (UL CI only applicable for low L1 priority UL transmission) and Option 2 (UL CI is applicable to UL transmission irrespective of its L1 priority level) are not suitable to handle self pre-emption and inter-UE collisions where the colliding UEs support multiple traffic types (e.g. eMBB & URLLC). 

Option 3 allows the network to configure the UE to only cancel its UL transmission if it has low L1 priority or to always cancel it regardless of the L1 priority.  Using the example in Figure 1, the network can configure UE1 with Option 2 (i.e. cancel all UL transmission irrespective of its L1 priority level) and UE2 with Option 1 (i.e. only cancel UL transmissions indicated as low L1 priority level).  Using such a configuration, UE1 will cancel PUSCH#1 whilst UE2 transmits PUSCH#2, which is the intended outcome.  However, this assumes that UE2 will never be used for real time gaming, i.e. it will never transmit a PUSCH that is indicated as high L1 priority level at the intra-UE level but is of lower priority at the inter-UE level.  It should also be appreciated that UE1 can collide with another UE, e.g. UE3 that also transmits a high L1 priority PUSCH, e.g. PUSCH#3, where at the inter-UE level, PUSCH#1 has higher priority than PUSCH#3.  That is Option 3 is limited to only 1 type of high priority traffic at the intra-UE level and only 2 types of high priority traffic at the inter-UE level.  It should be noted that this is a significant limitation since there are 16 different types of traffic at the logical level.  Furthermore, at this stage of the WI, we should refrain from introducing additional RRC parameters.
Observation 4: Option 3 is limited to only 1 type of high priority traffic at the intra-UE level and only 2 types of high priority traffic at the inter-UE level, which is a significant limitation since there are 16 priority levels at the logical level.

Typically, an UL CI is transmitted to cancel a previously scheduled PUSCH.  That is, there is no benefit in sending an UL CI followed by an UL Grant where the scheduled PUSCH needs to be cancelled by that UL CI. 
Observation 5: There is no benefit in transmitting an UL CI followed by an UL Grant scheduling a PUSCH that needs to be cancelled.

Recognising Observation 5, one way to manage the self pre-emption and inter-UE collision with multiple traffic types is to allow the UE to ignore the UL CI if it is transmitted at the same time or before the UL Grant is transmitted.  An example is shown in Figure 2, where at time t0, UL Grant UG1 schedules UE1 with a high L1 priority PUSCH.  At time t2, another UL Grant UG2 is transmitted to schedule UE2 also with a high L1 priority PUSCH, which occupies some of UE1’s PUSCH resources.  Although both UE1’s & UE2’s PUSCHs are high L1 priority at the intra-UE level, at the inter-UE level UE2’s PUSCH has higher priority than UE1’s PUSCH.  The gNB then transmits an UL CI at time t2 to indicate portions in the RUR that are occupied by UE2’s PUSCH, i.e. with a bitmap = .  Since UG1 is transmitted prior to the UL CI, UE1 will apply the UL CI and cancels its PUSCH.  However, for UE2, UG2 is transmitted at the same time as UL CI and here UE2 ignores this UL CI and therefore UE2 transmits its PUSCH.  Referring to the example in Figure 1 again, we expect that PUSCH#1 is scheduled first followed by PUSCH#2.  To avoid PUSCH#2 from self pre-emption, all the gNB needs to do is to transmit the UL Grant for PUSCH#2 at the same time or after the UL CI.  UE1 would read the UL CI whilst UE2 will ignore the UL CI thereby leading to the desired outcome where UE1 cancels PUCSH#1 and UE2 transmits PUSCH#2.
Proposal 1: An UL CI is not applicable to a PUSCH transmission that is scheduled by an UL Grant that is sent at or after that UL CI.
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[bookmark: _Ref36744567]Figure 2: UL CI not applicable for UL Grant received at or after the UL CI

2.2 Simultaneous intra-UE prioritization/multiplexing & inter-UE cancellation
Issue 3.2 [1] discussed the behaviour of the UE when it needs to perform intra-UE prioritization/multiplexing & inter-UE cancellation.  Three options were discussed:
· Option A: 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 B: Handling of inter-UE cancellation for UL transmission overlapping with resources by UL CI is performed firstly and handling of intra-UE prioritization/multiplexing for overlapping UL transmissions is performed secondly
· Option C: UE performs intra-UE prioritization/multiplexing or inter-UE cancellation for the overlapped UL channels according to the time order which is determined by the receiving time order of PDCCH carrying DCI scheduling high priority transmission or DCI for UL CI.

In Option A, the UE handles its intra-UE prioritization/multiplexing first then decides whether to perform cancellation due to inter-UE collision.  The drawback of Option A is that it may unnecessarily cancel a low L1 priority PUSCH if the high L1 priority PUSCH is to be cancelled by the UL CI.  An example is shown in Figure 3, where UE1 is firstly scheduled with low L1 priority PUSCH by UG1 followed by a high L1 priority PUSCH scheduled by UG2.  The gNB then schedules UE2 that pre-empts UE1’s high L1 priority PUSCH and transmits an UL CI to indicate a cancellation to UE1.  If intra-UE prioritization/multiplexing is performed first then UE1 would firstly drop its low L1 priority PUSCH since it collides in time with a high L1 priority PUSCH.  However, at time t4, UE1 reads the UL CI and as a result cancels its high L1 priority PUSCH to allow UE2’s PUSCH to be transmitted.  It should be observed that UE1 could have transmitted its low L1 priority PUSCH since it does not overlap with portions indicated by UL CI and its high L1 priority PUSCH will be cancelled anyway.
Observation 6: If UE handles intra-UE prioritisation/multiplexing first followed by inter-UE cancellation, the UE may unnecessarily cancel a low L1 priority PUSCH.
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[bookmark: _Ref36826017]Figure 3: Intra-UE prioritisation/multiplexing first and inter-UE cancellation

In Option B, the UE handles inter-UE cancellation first followed by intra-UE prioritisation/multiplexing.  This will avoid the scenario described in the example in Figure 3.  Here, UE1 would firstly cancel its high L1 priority PUSCH after reading UL CI since it collides with UE2’s PUSCH.  UE1 would then determine that there is no intra-UE collision with its low L1 priority PUSCH.  However, it is noted that this may introduce complexity to the UE processing timeline since this would require the UE to wait for a potential UL CI before it could process its intra-UE uplink transmission.  An example is shown in Figure 4, where UE1 receives a PDSCH between time t0 and t1 where the corresponding HARQ-ACK feedback is scheduled using PUCCH at time t7 to t9.  At time t1, UE1 receives UL Grant UG1 which schedules a PUSCH that collides with its PUCCH and hence the UE would multiplex its HARQ-ACK feedback into the PUSCH.  However, at time t5, UE1 receives an UL CI indicating that it should cancel its PUSCH transmission due to a URLLC transmission from UE2 (UE2 is not configured to monitor any UL CI).  At this point UE1 has already processed the HARQ-ACK bits onto the PUSCH and to implement Option B, UE1 would have to re-process the PUCCH, which in some cases UE1 may not have sufficient time to do.  
Observation 7: If UE handles inter-UE cancellation first followed by intra-UE prioritization/multiplexing, the UE has to wait till it receives an UL CI before it can process any intra-UE UL transmission which introduces complexity and impacts the UE processing timeline.
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[bookmark: _Ref36828126]Figure 4: Intra-UE HARQ-ACK multiplexing and inter-UE cancellation

In Option C, the UE processes the UL transmission according to the sequence of the PDCCH transmission.  This will not cause any timeline processing issue at the UE.  The gNB is aware of what it has scheduled to the UE and so it knows what to expect from the UE.  Hence, we have a preference for this option.
Proposal 2: UE performs intra-UE prioritization/multiplexing or inter-UE cancellation for the overlapped UL channels according to the time order which is determined by the receiving time order of PDCCH carrying DCI scheduling the UL transmission or DCI for UL CI.

2.3 Reusing cancelled resources that are not indicated by UL CI
A UE cancels the entire PUSCH transmission if only part of its PUSCH overlaps with portions indicated by the UL CI.  Issue 5 in [1] discusses whether resources that are cancelled but not indicated by UL CI can be reused by the same UE.  An example is shown in Figure 5, where UL Grant UG1 schedules UE1 with a PUSCH to transmit between time t7 and t12.  UE1 then detects an UL CI which indicates that its PUSCH overlaps with indicated portions between time t7 to t10 and hence UE1 cancels its PUSCH transmission.  Since the portion of the cancelled PUSCH between time t10 to t12 does not overlap with the UL CI indicated portions, it is possible that these resources can be scheduled for another PUSCH for UE1.
[image: ]
[bookmark: _Ref36831480]Figure 5: Reusing cancelled PUSCH resources that are not indicated in the UL CI
It is noted that we agreed the following in RAN1#99 [3]:
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

Since the UE is not expected to be rescheduled in resources that had been previously cancelled for intra-UE collision, it would be easier in terms of UE implementation to also extend this behaviour for inter-UE collision. 
[bookmark: _GoBack]Proposal 3: The UE is not expected to be scheduled to transmit in non-overlapping cancelled symbols that are cancelled by UL CI.

3. Conclusion
In this contribution, we discuss some remaining issues for inter-UE multiplexing.  We observe the following: 
Observation 1: A UE supporting multiple traffic types, e.g. eMBB & URLLC, may be configured to monitor UL CI, which can lead to self pre-emption.
Observation 2: The two L1 priority levels introduced to manage intra-UE collision are not applicable for handling inter-UE collision.
Observation 3: Option 1 (UL CI only applicable for low L1 priority UL transmission) and Option 2 (UL CI is applicable to UL transmission irrespective of its L1 priority level) are not suitable to handle self pre-emption and inter-UE collisions where the colliding UEs support multiple traffic types (e.g. eMBB & URLLC). 
Observation 4: Option 3 is limited to only 1 type of high priority traffic at the intra-UE level and only 2 types of high priority traffic at the inter-UE level, which is a significant limitation since there are 16 priority levels at the logical level.
Observation 5: There is no benefit in transmitting an UL CI followed by an UL Grant scheduling a PUSCH that needs to be cancelled.
Observation 6: If UE handles intra-UE prioritisation/multiplexing first followed by inter-UE cancellation, the UE may unnecessarily cancel a low L1 priority PUSCH.
Observation 7: If UE handles inter-UE cancellation first followed by intra-UE prioritization/multiplexing, the UE has to wait till it receives an UL CI before it can process any intra-UE UL transmission which introduces complexity and impacts the UE processing timeline.

We therefore propose the following:
Proposal 1: An UL CI is not applicable to a PUSCH transmission that is scheduled by an UL Grant that is sent at or after that UL CI.
Proposal 2: UE performs intra-UE prioritization/multiplexing or inter-UE cancellation for the overlapped UL channels according to the time order which is determined by the receiving time order of PDCCH carrying DCI scheduling the UL transmission or DCI for UL CI.
Proposal 3: The UE is not expected to be scheduled to transmit in non-overlapping cancelled symbols that are cancelled by UL CI.
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