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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#98, we agreed the following:
Agreements:
· Reuse the existing methods for search space configuration to support UL CI monitoring
· FFS possible restrictions
· Note: this means both symbol level and slot level monitoring periodicities are possible from specification perspective
Agreements:
· The UE DCI size budget is not increased by UL CI monitoring
· Further discuss methods to reduce the UE monitoring for UL CI, e.g. 
· The number of aggregation levels and/or candidates for the UL CI monitoring should be limited
· Conditions for eMBB UE UL CI monitoring:
· For UL transmission with associated PDCCH, 
· Option 1: UE starts UL CI monitoring after the PDCCH is decoded
· Option 2: UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time.
· For UL transmission without associated PDCCH, UE monitors UL CI at least at the latest monitoring occasion that ends no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time. 
· Other conditions?
· Others?
· FFS the enhancement of UE capability (number of non-overlapping CCE and/or blind decodes) for UL CI monitoring
Agreements:
· Upon detecting an UL cancelation indication, for the transmission of UL signal/channels, “stop with resuming” is not supported
· Except:
· SRS can still be transmitted on the non-cancelled symbols (conditioned on if SRS can be pre-empted)
· FFS for the PUSCH repetition (Rel-15 & Rel-16) case
· FFS for the PUCCH repetition case (conditioned on if PUCCH can be pre-empted)
· FFS whether another PUSCH can be scheduled in non-pre-empted resource
· FFS impact (e.g. phase continuity issue) to a different carrier due to UL cancelation
Agreements:
· The following UL channel/signals can be cancelled by UL cancelation indication
· PUSCH (including DG-, CG- and SP-)
· FFS for SRS
· FFS for PUCCH 
· Option 1: PUCCH (all types) can be cancelled
· Option 2: Some PUCCH can be cancelled, e.g. PUCCH carrying CSI
· Option 3: PUCCH cannot be cancelled
· FFS for PRACH (preamble and/or MSG 3 PUSCH) 
Agreements:
· The UE processing time requirement for UL cancelation indication based on N2 defined in Rel-15 UE cap#2 is supported
· FFS whether the processing time requirement for UL cancelation indication larger than N2 as defined in Rel-15 UE cap#2 can also be supported as an UE capability
· FFS whether the processing time requirement for UL cancelation indication shorter than N2 as defined in Rel-15 UE cap#2 as can also be supported an UE capability 
Agreements:
· For a DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI using a separate field than SRI is supported. 
· FFS number of bits for the indication

This contribution provides further considerations on inter-UE uplink multiplexing.  
2. Discussions

2.1 Cancellation Indicator (CI) for Dynamic Grant
Similar to Rel-15 Pre-emption Indicator (PI), for the uplink Cancellation Indicator (CI), a Reference Region (RR) can be defined which is divided into M frequency portions and N time portions.  The CI indicates which of these M×N portions are used by another UE (for URLLC traffic).  In [1], it is proposed that the CI separately indicates the pre-empted time and frequency portions, for example the time portion uses a bitmap whilst the frequency portions uses the Resource Allocation Type 0 or Type 1 indication in a UL grant.  Such separate 1 dimensional (1D) indication will lead to unnecessary “ghost pre-emption”, i.e. falsely indicating portions of the Reference Region as being pre-empted but there really is no pre-emption.  In contrast a 2D bitmap indicator similar to that used in Rel-15 PI does not lead to “ghost pre-emption”.  This is shown using an example 4×7 Reference Region (M=4, N=7) of a CI as shown in Figure 1 where two URLLC UEs, UE1 and UE2 occupy some portions of the Reference Region.  
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[bookmark: _Ref20764471]Figure 1: M×N Reference Region with two URLLC PUSCH
The CI indication using separate 2×1D indicators vs a 2D bitmap indicator is described as follows:
· 2×1D indicators: Time indicator = {1, 1, 0, 1, 1, 1, 1}, Frequency indicator = .  
· 2D bitmap indicator using 4×7 bitmap =  . 
The portion of the Reference Region as indicated as being occupied for the 2×1D indicators and the 2D bitmap indicator are shown in Figure 2A and Figure 2B respectively.  It is obvious that using 2×1D indicators lead to portions of the Reference Region to be indicated as occupied or pre-empted even though they are not used by any URLLC UEs.  An eMBB allocation overlapping with any of these “ghost pre-emptions” would unnecessarily drop the PUSCH which is highly inefficient.
Observation 1: Using separate 1D indicators for frequency domain and the time domain leads to “ghost pre-emption”, i.e., portions in the Reference Region to be falsely indicated as occupied or pre-empted.
Observation 2: Ghost pre-emption can cause eMBB PUSCH to be unnecessarily dropped which is highly inefficient.
Proposal 1: A CI Reference Region is introduced where a 2D (M×N) bitmap indicator in the CI is used to indicate which portions in the M frequency portions by N time portions of the Reference Region are being used by another UE.
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[bookmark: _Ref20765390]Figure 2: Portion of Reference Region indicated as being occupied

Unlike in the DL where the PI is transmitted after the pre-emption, in the UL the CI needs to be transmitted before the actual pre-emption.  The eMBB UE monitoring the CI would need some time to process the CI and hence the time domain of the Reference Region starts after an offset ORR from the CI, e.g. in Figure 3, CI#1 ends at time t2 and its Reference Region starts ORR ms later at time t3.  Similarly, CI#2 ending at time t5 has a Reference Region that starts ORR ms later at time t6.  The value of ORR can be defined in the specifications.  The duration of the Reference Region can be the same as the periodicity of the CI.  
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[bookmark: _Ref16599686]Figure 3: Cancellation Indicator's (CI) Reference Region (M × N)

Proposal 2: The time domain of the CI Reference Region starts after an offset ORR after the end of the GC-DCI carrying the CI and has a duration equal to the monitoring periodicity of the GC-DCI.  ORR can be defined in the specifications.

As noted in [2], in the downlink, the URLLC PDSCH is likely to occupy a large bandwidth for reliability purposes, however, in the uplink, the URLLC PUSCH is likely to maximize its Power Spectral Density and hence occupy a smaller frequency resource.  Another issue identified for Rel-15 DL PI is “ghost pre-emption” [2] where an eMBB PDSCH is falsely indicated as being pre-empted.  The impact of ghost pre-emption is more significant since in the uplink the entire eMBB transmission would be unnecessarily cancelled.  Since URLLC PUSCH is likely to occupy smaller frequency resources, ghost pre-emption is more likely to occur in the uplink.  Hence, it is beneficial that a finer granularity is used in the frequency domain of the CI Reference Region to avoid the issues identified in Rel-15 DL PI, i.e. it is beneficial if M > 2.
Observation 3: Unlike the downlink where a URLLC PDSCH likely occupies a large frequency resource, in the uplink, the URLLC PUSCH is likely going to occupy small frequency resources in order to maximize its Power Spectral Density.
Observation 4: Ghost pre-emption, where an eMBB transmission is falsely indicated as being pre-empted by a URLLC transmission is more likely to occur in the uplink and the impact is more significant in the uplink (since an entire PUSCH can be unnecessarily dropped) compared to Rel-15 DL PI.
Proposal 3: Consider finer granularity for the frequency portions of the CI Reference Region than that used for Rel-15 DL PI, i.e. consider M>2.

There were proposals that the CI can be also used to cancel eMBB PUCCH, SRS and PRACH.  Firstly, this would require the eMBB UE to monitor significantly more CI.  Secondly, unlike eMBB PUSCH, which can occupy multiple slots (e.g. with repetitions), PUCCH, PRACH and SRS typically occupy small frequency or time resources and hence are less likely to be pre-empted or more easily avoided by gNB scheduling.  Hence, we do not see a need for the eMBB UE to monitor CI for PUCCH, SRS & PRACH.
Proposal 4: CI is not applicable for PUCCH, SRS & PRACH.

Since CI is used only for PUSCH, the UE needs only monitor the CI after receiving an UL Grant.  The UE does not need to monitor for the CI immediately after the UL Grant but it only needs to monitor the CI where its PUSCH transmission overlaps the CI Reference Region. For example in Figure 4, the UL Grant in slot n schedules a PUSCH in slot n+2.  The UE only needs to monitor the first CI at ORR ms before the start of the PUSCH transmission and only needs to monitor a total of two CI, i.e. CI#1 and CI#2, since their corresponding Reference Regions completely overlap the UE’s PUSCH transmission.  
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[bookmark: _Ref16610009]Figure 4: CI monitoring occasions

Proposal 5: After receiving the UL Grant, the UE monitors its first CI at ORR ms prior to the start of the PUSCH transmission and continues to monitor subsequent CI with Reference Regions overlapping the PUSCH transmission.

2.2 Cancellation Indicator (CI) for Configured Grant
The gNB may schedule a dynamic grant eMBB PUSCH that occupies some of the resources used for a Configured Grant URLLC PUSCH.  Since the gNB is unaware when a URLLC UE will use the Configured Grant, it cannot issue a CI to the eMBB PUSCH.  

CI can be used also for Configured Grant where here the CI uses the M × N bitmap except that the M × N represents only the resource used by the Configured Grant, i.e., the Reference Region of the CI covers only the resources used by the Configured Grant.  An example is shown in Figure 5, where a Configured Grant occupying frequency f1 to f3 with a duration of 1 slot and periodicity of 2 slots is used by a URLLC UE (UE2).  The gNB also configures UE2 to monitor a CI that has a periodicity of 2 slots and uses a 2×7 bitmap, i.e. the CI Reference Region is a 2×7 resource grid projected onto the Configured Grant resources.  The CI is transmitted 1 slot in advance of its corresponding Configured Grant.  In slot n, CI#1 did not indicate any pre-emption and so the Configured Grant resources in slot n+1 are not pre-empted.  In slot n+1, an UL Grant is transmitted to an eMBB UE, UE1, scheduling an eMBB PUSCH in slot n+3 which overlaps some of UE2’s Configured Grant resources.  CI#2 therefore indicates the region between time t7 and t9 and frequency f1 to f2 as being pre-empted for the Configured Grant in slot n+3.  UE2 detecting CI#2 is therefore aware of the pre-emption and would schedule its URLLC PUSCH transmission in the non-pre-empted region or increase the power of its URLLC PUSCH that overlaps with the pre-empted region.  It should be noted that the CI monitoring periodicity for Configured Grant is longer than that for Dynamic Grant CI since the scheduling period of the eMBB is expected to be less frequent compared to that for URLLC.
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[bookmark: _Ref16611955]Figure 5: Configured Grant CI
Observation 5: The Configured Grant CI monitoring periodicity is longer than that for Dynamic Grant CI since for the Configured Grant, the CI tracks the scheduling periodicity of the eMBB rather than that of the URLLC.
Proposal 6: Use the CI for uplink Configured Grant to indicate the subset of the Configured Grant resources that have been dynamically scheduled for another (eMBB PUSCH) transmission.
Proposal 7: The CI for Configured Grant reuses the 2D bitmap grid used for Dynamic Grant CI (or DL PI) where the Reference Region of the Configured Grant CI is the area occupied by the uplink Configured Grant resources.
Proposal 8: If the CI indicates a subset of the Configured Grant resource is pre-empted, the UE can:
· Rate match the URLLC PUSCH around the pre-empted region
· Increase the transmission power of the URLLC PUSCH that overlaps with the pre-empted region

3. Conclusion
In this contribution, we discuss some considerations on inter-UE uplink multiplexing.  We observe the following:
Observation 1: Using separate 1D indicators for frequency domain and the time domain leads to “ghost pre-emption”, i.e., portions in the Reference Region to be falsely indicated as occupied or pre-empted.
Observation 2: Ghost pre-emption can cause eMBB PUSCH to be unnecessarily dropped which is highly inefficient.
Observation 3: Unlike the downlink where a URLLC PDSCH likely occupies a large frequency resource, in the uplink, the URLLC PUSCH is likely going to occupy small frequency resources in order to maximize its Power Spectral Density.
Observation 4: Ghost pre-emption, where an eMBB transmission is falsely indicated as being pre-empted by a URLLC transmission is more likely to occur in the uplink and the impact is more significant in the uplink (since an entire PUSCH can be unnecessarily dropped) compared to Rel-15 DL PI.
Observation 5: The Configured Grant CI monitoring periodicity is longer than that for Dynamic Grant CI since for the Configured Grant, the CI tracks the scheduling periodicity of the eMBB rather than that of the URLLC.

Therefore, we propose the following:
Proposal 1: A CI Reference Region is introduced where a 2D (M×N) bitmap indicator in the CI is used to indicate which portions in the M frequency portions by N time portions of the Reference Region are being used by another UE.
Proposal 2: The time domain of the CI Reference Region starts after an offset ORR after the end of the GC-DCI carrying the CI and has a duration equal to the monitoring periodicity of the GC-DCI.  ORR can be defined in the specifications.
Proposal 3: Consider finer granularity for the frequency portions of the CI Reference Region than that used for Rel-15 DL PI, i.e. consider M>2.
Proposal 4: CI is not applicable for PUCCH, SRS & PRACH.
Proposal 5: After receiving the UL Grant, the UE monitors its first CI at ORR ms prior to the start of the PUSCH transmission and continues to monitor subsequent CI with Reference Regions overlapping the PUSCH transmission.
Proposal 6: Use the CI for uplink Configured Grant to indicate the subset of the Configured Grant resources that have been dynamically scheduled for another (eMBB PUSCH) transmission.
Proposal 7: The CI for Configured Grant reuses the 2D bitmap grid used for Dynamic Grant CI (or DL PI) where the Reference Region of the Configured Grant CI is the area occupied by the uplink Configured Grant resources.
Proposal 8: If the CI indicates a subset of the Configured Grant resource is pre-empted, the UE can:
· Rate match the URLLC PUSCH around the pre-empted region
· [bookmark: _GoBack]Increase the transmission power of the URLLC PUSCH that overlaps with the pre-empted region
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