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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#97, we agreed the following:
Agreements:
· Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication

In RAN1#97 we further conclude the following:

Conclusion:
To down-select from the following options for enhanced power control
· Option 1: Indication of open-loop parameter sets by DCI 
· For DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission
· FFS At least for single active CG-PUSCH, an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI
· FFS for the case of multiple active CG-PUSCH
· FFS For a UE, the open-loop parameter sets for DG-PUSCH and CG-PUSCH may be same or different
· Option 2: Indication of TPC with increased range by DCI
· For DG-PUSCH, a TPC with increased range is indicated to the UE by the TPC field in scheduling DCI
· FFS At least for single active CG-PUSCH (and potentially also for DG-PUSCH), a TPC with increased range is indicated to the UE by a UE-specific TPC field in group common DCI
·  FFS for the case of multiple active CG-PUSCH
· At least for DG-PUSCH, for a UE, the number of TPC entries (4 or 8) and power adjustment value for each entry is higher layer configured 
· FFS For a UE, the TPC configuration for DG-PUSCH and CG-PUSCH may be same or different 
· Option 3: 
· For DG-PUSCH, use either the solution from option 1 or option 2 for DG-PUSCH as above
· To down-select from option 1 and 2
· FFS At least for single active CG-PUSCH, UE derives the transmissions power based on the time/frequency resource indicated by a group common DCI
· If a CG-PUSCH transmission overlaps with the indicated time/frequency resource, UE use one open-loop parameter set with higher power for the transmission
· If a CG-PUSCH transmission does NOT overlap with the indicated time/frequency resource, UE use another open-loop parameter set with lower power for the transmission
· FFS for the case of multiple active CG-PUSCH
· Note: some companies have concern that this was not captured in the TR as one potential solutions

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

2.1 Cancellation Indicator (CI)
2.1.1 Dynamic Grant
The mechanisms considered when the UE detects a CI for dynamic grant are:
· Stop without Resuming: The UE drop the PUSCH transmission completely without resuming any remaining transmission.
· Stop & Resume: The UE pauses the portion of the PUSCH transmission that collides with another (URLLC) UE’s PUSCH and resumes its PUSCH transmission after the collision

The mechanism for Stop without Resuming can be implemented with a simple CI, e.g. 1 bit to tell the UE whether the PUSCH should be dropped or not.  An additional retransmission may be required for the cancelled PUSCH transmission.  For Stop & Resume, the CI needs to tell the UE the duration of the collision where the UE pauses its transmission.  Breaking up a PUSCH transmission would introduce phase discontinuity.  However, Stop & Resume can reduce latency since the UE does not have to rely on an additional retransmission.  Since in dynamic grant the CI targets the eMBB UE, the UE can tolerate the extra latency.  Hence, we prefer a simple CI mechanism of Stop without Resuming.
Proposal 1: Upon receiving a CI, the UE stops without resuming its PUSCH transmission.

Since it was agreed that GC-DCI is used to carry the CI, similar to the Rel-15 Pre-emption Indicator (PI), a Reference Region (RR) where an M×N bitmap in the CI represents M frequency portions by N time portions of the Reference Region is defined.  The bitmap would indicate which portions in the Reference Region are used by another (URLLC) UE. An example is shown Figure 1, where a 4×7 bitmap is used for each CI (CI#1 and CI#2).  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 1, 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 1: Cancellation Indicator's (CI) Reference Region (M × N)

Proposal 2: A CI Reference Region is introduced where an M×N bitmap in the CI indicates which portions in the M frequency portions by N time portions of the Reference Region are being used by another UE.
Proposal 3: 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 [1], 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” [1] 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 resource, 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 1: 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 2: 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 4: 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 5: 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 2, 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 2: CI monitoring occasions

Proposal 6: 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.

2.1.2 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.  

In [1] a Transmission Update Indicator (TI) is proposed where this TI indicates to the URLLC UE the portion of the configured grant that is occupied by another UE’s PUSCH transmission.  The TI can use the M × N bitmap similar to that used by the CI except that the M × N represents only the resource used by the configured grant, i.e., the Reference Region of the TI covers only the resources used by the configured grant.  An example is shown in Figure 3, 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 TI that has a periodicity of 2 slots and uses a 2×7 bitmap, i.e. the TI Reference Region is a 2×7 resource grid projected onto the configured grant resources.  The TI is transmitted 1 slot in advance of its corresponding configured grant.  In slot n, TI#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.  TI#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 TI#2 is therefore aware of the pre-emption and would schedule its URLLC PUSCH transmission in the non-pre-empted region.  It should be noted that the TI monitoring periodicity is longer than that for 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 3: Transmission Update Indicator (TI)
Proposal 7: Introduce a Transmission Update Indicator (TI) for uplink configured grant that indicates the subset of the configured grant resources that have been dynamically scheduled for another (eMBB PUSCH) transmission.
Proposal 8: The Transmission Update Indicator (TI) can reuse the bitmap grid used for CI (or DL PI) where the Reference Region of the Transmission Update Indicator is the area occupied by the uplink configured grant resources.
Observation 3: The Transmission Update Indicator (TI) monitoring periodicity is longer than that for Cancellation Indicator (CI) since the TI tracks the scheduling periodicity of the eMBB rather than that of the URLLC.


2.2 Enhanced Power Control
In RAN1#97, the conclusion was to down select the following enhanced power control schemes:
· Option 1: Indication of open-loop parameter sets by DCI
· Option 2: Indication of TPC with increased range by DCI
· Option 3: For Dynamic Grant PUSCH use either Option 1 or Option 2 and for Configured Grant PUSCH use a GC-DCI to indicate which regions in the configure grant resources uses a different open-loop parameter set

We have a preference to enhance the open loop power control with two open-loop parameters since, compared to TPC, this is more applicable for URLLC traffic that is sporadic.  For configured grant, the Transmission Update Indicator proposed in the previous section can be used where in the region indicated as being pre-empted by eMBB PUSCH, the URLLC PUSCH can use a set of higher power open-loop parameters and for regions that are not pre-empted the UE uses a set of lower power open-loop parameters.  Hence our preference is Option 3 where for the Dynamic Grant, Option 1 is used.

[bookmark: _GoBack]Proposal 9: For Dynamic Grant PUSCH, the DCI indicates one of two open-loop power control parameter sets.
Proposal 10: For Configured Grant PUSCH, a Transmission Update Indicator indicates time/frequency regions in the configured grant resource that are pre-empted by another PUSCH transmission such that the UE uses a higher power open-loop parameter set for the pre-empted region and a lower power open-loop parameter set for the non-pre-empted region.

3. Conclusion
In this contribution, we discuss some considerations on inter-UE uplink multiplexing.  We observe the following:
Observation 1: 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 2: 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 3: The Transmission Update Indicator (TI) monitoring periodicity is longer than that for Cancellation Indicator (CI) since the TI tracks the scheduling periodicity of the eMBB rather than that of the URLLC.

Therefore, we propose the following:
Proposal 1: Upon receiving a CI, the UE stops without resuming its PUSCH transmission.
Proposal 2: A CI Reference Region is introduced where an M×N bitmap in the CI indicates which portions in the M frequency portions by N time portions of the Reference Region are being used by another UE.
Proposal 3: 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 4: 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 5: CI is not applicable for PUCCH, SRS & PRACH.
Proposal 6: 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 7: Introduce a Transmission Update Indicator (TI) for uplink configured grant that indicates the subset of the configured grant resources that have been dynamically scheduled for another (eMBB PUSCH) transmission.
Proposal 8: The Transmission Update Indicator (TI) can reuse the bitmap grid used for CI (or DL PI) where the Reference Region of the Transmission Update Indicator is the area occupied by the uplink configured grant resources.
Proposal 9: For Dynamic Grant PUSCH, the DCI indicates one of two open-loop power control parameter sets.
Proposal 10: For Configured Grant PUSCH, a Transmission Update Indicator indicates time/frequency regions in the configured grant resource that are pre-empted by another PUSCH transmission such that the UE uses a higher power open-loop parameter set for the pre-empted region and a lower power open-loop parameter set for the non-pre-empted region.
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