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1	Introduction
Inter-UE prioritization and multiplexing for UL transmission was identified as an area that may need to be addressed to achieve the objectives for URLLC use cases. This topic was discussed during Rel-15 as well. Currently for Rel-16 two solutions have been agreed: the pre-emption-based solutions and power control-based solutions. The list of agreements had been made at previous meetings are listed in the Appendix [1][2][3][4]. However, further discussions are needed to determine the solutions with corresponding design details.
In this contribution we provide more analysis and focus on clarifying further details of the two schemes, i.e. UL preemption indication and UL power control.
[bookmark: _Ref178064866][bookmark: _Toc455649131][bookmark: _Toc455649156][bookmark: _Toc455649182][bookmark: _Toc455649228][bookmark: _Toc455649250][bookmark: _Toc455649272][bookmark: _Toc455649132][bookmark: _Toc455649157][bookmark: _Toc455649183][bookmark: _Toc455649229][bookmark: _Toc455649251][bookmark: _Toc455649273][bookmark: _Toc455649133][bookmark: _Toc455649158][bookmark: _Toc455649184][bookmark: _Toc455649230][bookmark: _Toc455649252][bookmark: _Toc455649274][bookmark: _Toc455649134][bookmark: _Toc455649159][bookmark: _Toc455649185][bookmark: _Toc455649231][bookmark: _Toc455649253][bookmark: _Toc455649275][bookmark: _Toc455649135][bookmark: _Toc455649160][bookmark: _Toc455649186][bookmark: _Toc455649232][bookmark: _Toc455649254][bookmark: _Toc455649276][bookmark: _Toc455649136][bookmark: _Toc455649161][bookmark: _Toc455649187][bookmark: _Toc455649233][bookmark: _Toc455649255][bookmark: _Toc455649277][bookmark: _Toc455649137][bookmark: _Toc455649162][bookmark: _Toc455649188][bookmark: _Toc455649234][bookmark: _Toc455649256][bookmark: _Toc455649278][bookmark: _Toc455649138][bookmark: _Toc455649163][bookmark: _Toc455649189][bookmark: _Toc455649235][bookmark: _Toc455649257][bookmark: _Toc455649279][bookmark: _Toc455649139][bookmark: _Toc455649164][bookmark: _Toc455649190][bookmark: _Toc455649236][bookmark: _Toc455649258][bookmark: _Toc455649280][bookmark: _Toc455649140][bookmark: _Toc455649165][bookmark: _Toc455649191][bookmark: _Toc455649237][bookmark: _Toc455649259][bookmark: _Toc455649281][bookmark: _Toc455649141][bookmark: _Toc455649166][bookmark: _Toc455649192][bookmark: _Toc455649238][bookmark: _Toc455649260][bookmark: _Toc455649282][bookmark: _Toc462120460]2	Discussion
In TR38.824 [5] it was concluded that both UL cancelation scheme and enhanced UL power control scheme should be designed and specified during eURLLC working item. There was a good progress reached in previous meeting, but a bit more work is needed. Here we discuss related details and current issues in corresponding subsections.

[bookmark: _Toc528770448][bookmark: _Toc528770467][bookmark: _Ref5105787]2.1	UL cancellation scheme
2.1.1	Monitoring of UL pre-emption indication

It was agreed already that existing methods for search space configuration to support UL CI monitoring will be reused. In addition, one can limit upper bound of supported search space periodicity, e.g. similar to format 2_1 only 1, 2 and 4 slots periodicities are applicable. We believe that 4 slots periodicity can be useful for 120 kHz SCS where URLLC transmissions can be slot based and coarse signaling granularity can be applied.
[bookmark: _Hlk528933264][bookmark: _Toc5140693][bookmark: _Toc16613816][bookmark: _Toc16613946][bookmark: _Toc21343900][bookmark: _Toc21351257][bookmark: _Toc24156100]Support search space monitoring periodicities of 1, 2 and 4 slots.
Regarding the aggregation level for CI, we think that there is no need to introduce further restrictions to aggregation levels and/or number of candidates, because it is an optimization issue for certain scenarios and gNB can configure optimal values itself. Specifically, monitoring of some aggregation levels can be disabled already by Rel-15 RRC if number of candidates for the aggregation level is configured to zero. Moreover, there is no additional restrictions for format 2_1, thus, we think that this practice can be inherited.
[bookmark: _Toc21343901][bookmark: _Toc21351258][bookmark: _Toc24156101]No additional restrictions on aggregation levels and/or number of candidates are introduced for cancellation indication monitoring.
2.1.2	Group common signaling design
There are several issues to be addressed further: definition of reference region, reference region partition and DCI size aspects.

Reference region (RR)
As it was agreed in the last meeting, that RR size in time is configured via RRC. However, possible values were not agreed. Moreover, it was proposed to configure RR starting position offset from CORESET (X). On X value, since the delay between last symbol of PDCCH carrying CI and the symbol when UE can stop its transmission is N2 and depends on numerology, there is no reason to specify absolute values of X which will include N2. Hence, if X will be specified, it can be defined as an additional offset to Tproc,2.
Nevertheless, it seems like additional offset to Tproc,2 is not necessary because cancelation will require fast reaction. Another argument against is that gNB can get the same benefit by configuring UE to monitor CI frequently, e.g. several times per slot and configuring RR to be short, e.g. 2 or 4 OS, which can give very fine granularity in frequency and time.
[bookmark: _Toc24142579]There is no gain in specifying additional delay for the reference region starting position compared to the minimum processing time for UL cancelation. 
[bookmark: _Toc24156102]Configurable time offset of the reference region start is not supported.
Regarding size of RR in time, we think that size will depend on possible periodicities for CI monitoring. Specifically, RR should cover time resources between two monitoring occasions, otherwise there will be a time gap when gNB cannot indicate UL pre-emption. E.g. if maximum periodicity of CI monitoring is 4 slots, then RR size should be 4×14 OS. The same logic can be applied for minimum RR size, i.e. if monitoring periodicity is 2 OS, then the same RR size should be supported. In the Figure 1 there is an example of UL CI timeline with monitoring periodicity 1 slot and RR size 14 OFDM symbols. 
In addition, some values make more sense for FR1 rather then for FR2. For example, for 15 kHz SCS, short RR in time is more relevant because we expect to have short URLLC transmissions, while for mmWave (120 kHz SCS) even slot-based transmissions are fairly good for low latency and longer RR size (in terms of OFDM-symbols) can be desirable.
[bookmark: _Toc24156103]Possible reference resource sizes in time domain should be selected in connection with configurable periodicities.
[bookmark: _Toc24156104]The following FR-specific values of reference resource duration are supported:
  - For FR1: 2 OS, 4 OS, 7 OS, and 14 OS;
  - For FR2: 28 OS and 56 OS.

[image: ]
Figure 1 – Example of UL CI timeline with 1 slot monitoring periodicity and 14 OS RR size in time.

Finally, to optimize signaling efficiency, DL symbols can be excluded from reference region in TDD case, similarly to DL PI, but only if TDD pattern is static. Otherwise with dynamic TDD unsuccessful decoding of SFI will lead to misalignment between UE and gNB and wrong interpretation of UL CI. The example of the RR structure for TDD is given in Figure 2.
[bookmark: _Toc24156105]Exclude DL symbols from reference region in case of TDD according to semi-static TDD pattern.

[image: ]
Figure 2 – Example of the reference region structure for TDD.

Time domain granularity of CI
It was agreed in the last meeting that number of partitions in RR can be configured. Further, RAN1 should discuss possible values of the parameter. We think that any divisor which leads to integer division of field size for one carrier is acceptable.

[bookmark: _Toc24156106]Any divisor which leads to integer division of bitmap size for one carrier is acceptable to define partitions number, e.g. [1],[2],[7],[14] and [28]. In addition, the value [4] can be used with 28-bits bitmap.

DCI size configuration
In our view it seems beneficial to align CI with one of the existing DCI because in case of a UE with both URLLC and eMBB service a UE may monitor both. From plurality of formats we think that DCI format 2_1 is the best candidate, because its size varies along with component carriers number configured for UE (14 bits per carrier). However, if 28-bit bitmap size will be additionally accepted, there can be difficult to make sizes aligned without additional limitation. For example, if 28-bit bitmap is configured, then maximum 4 carriers can be supported for signaling, which will make DCI payload size less than 126 bits (max payload for DCI 2_1).
[bookmark: _Toc24098536][bookmark: _Toc24156107][bookmark: _Toc16613817][bookmark: _Toc16613947][bookmark: _Toc21343906][bookmark: _Toc21351263]A bitmap size configured per serving cell can comprise of 28 bits in addition to agreed value of 14 bits. 7-bit bitmap is not supported.
[bookmark: _Toc24156108]DCI payload size for UL CI is configured up to 126 bits, similar to DL PI.
[bookmark: _Toc24156109]Additional limitations on max number of carriers can be considered if 28-bit bitmap is supported 
2.1.3	UE behavior upon reception of cancellation indication
In RAN1#98bis it was agreed to cancel PUSCH and SRS, while PUCCH and PRACH messages cannot be cancelled. We think that in addition to PUSCH cancellation RAN1 should discuss two issues: 
1. The case when PUSCH carries UCI
2. RV sequence if PUSCH repetition is cancelled.
On the first, according to current agreements, UCI is canceled together with PUSCH which will lead to numerous of retransmissions and spectral efficiency degradation. However, we believe that the impact can be minimized by allowing UE to extract UCI back from PUSCH and send it on PUCCH. In this case only HARQ-ACK codebook can be kept while other parts of UCI (CSI in particular) can be dropped. Such “swap” PUCCH transmission can be done either on PUCCH resource indicated in DL DCI for this HARQ-ACK or in the last PUCCH in slot suitable for HARQ-ACK.
Another solution of the issue is UCI-PUSCH multiplexing prevention if PUSCH transmission is not started yet, but UE receives UL CI which cancels the PUSCH transmission. 
[bookmark: _Toc24098540][bookmark: _Toc24156110]The procedure of UCI multiplexing with PUSCH can be avoided if UE receives UL CI cancelling the PUSCH.
[bookmark: _Toc24156111]UCI can avoid multiplexing with PUSCH, and can be transmitted by PUCCH instead, if the PUSCH is canceled by UL CI.

In PUSCH repetitions the behavior should also be clarified for both Rel-15 slot aggregation and Rel-16 PUSCH repetition. If transmission is cancelled it is beneficial to reset RV sequence. For example, if initial transmission (RV0) has been cancelled, then next repetition should use RV0. This approach will increase chances for successful decoding especially for high code rates.
[bookmark: _Toc21343912][bookmark: _Toc21351270][bookmark: _Toc24156112]If mis-detection of cancellation indicator is not a concern, the cancelled uplink transmission in repetitions causes the UE to send next repetition instance with same redundancy version; Otherwise, redundancy version assignment is not affected by cancelled uplink transmission.

2.2	UL power control
For power control scheme in our opinion the only open issue is related to clarification of new bit usage in different DCI formats.
One should understand that in case of inter UE multiplexing, critical traffic come from different UEs, hence URLLC UE may carry critical traffic and be configured with normal non-fallback format. Moreover, we don’t see any technical reason to limit a usage of power boost indication bit in DCI format 0_1. Thus, the new bit can be supported by both 0_1 and 0_2 formats.
[bookmark: _Toc21343913][bookmark: _Toc21351271][bookmark: _Toc24156113]The new bit to indicate boosted open-loop power control applies to both the new DCI and DCI format 0_1.
Conclusion
Based on the discussion in the previous sections we make the following observation and proposals:
Observation 1	There is no gain in specifying additional delay for the reference region starting position compared to the minimum processing time for UL cancelation.


Proposal 1	Support search space monitoring periodicities of 1, 2 and 4 slots.
Proposal 2	No additional restrictions on aggregation levels and/or number of candidates are introduced for cancellation indication monitoring.
Proposal 3	Configurable time offset of the reference region start is not supported.
Proposal 4	Possible reference resource sizes in time domain should be selected in connection with configurable periodicities.
Proposal 5	The following FR-specific values of reference resource duration are supported:   - For FR1: 2 OS, 4 OS, 7 OS, and 14 OS;   - For FR2: 28 OS and 56 OS.
Proposal 6	Exclude DL symbols from reference region in case of TDD according to semi-static TDD pattern.
Proposal 7	Any divisor which leads to integer division of bitmap size for one carrier is acceptable to define partitions number, e.g. [1],[2],[7],[14] and [28]. In addition, the value [4] can be used with 28-bits bitmap.
Proposal 8	A bitmap size configured per serving cell can comprise of 28 bits in addition to agreed value of 14 bits. 7-bit bitmap is not supported.
Proposal 9	DCI payload size for UL CI is configured up to 126 bits, similar to DL PI.
Proposal 10	Additional limitations on max number of carriers can be considered if 28-bit bitmap is supported
Proposal 11	The procedure of UCI multiplexing with PUSCH can be avoided if UE receives UL CI cancelling the PUSCH.
Proposal 12	UCI can avoid multiplexing with PUSCH, and can be transmitted by PUCCH instead, if the PUSCH is canceled by UL CI.
Proposal 13	If mis-detection of cancellation indicator is not a concern, the cancelled uplink transmission in repetitions causes the UE to send next repetition instance with same redundancy version; Otherwise, redundancy version assignment is not affected by cancelled uplink transmission.
Proposal 14	The new bit to indicate boosted open-loop power control applies to both the new DCI and DCI format 0_1.
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Appendix. Relevant Agreements
Agreements on RAN1#96bis:
· Working assumption:
· PDCCH is used for UL cancelation indication 
· The Working assumption can be revisited if the DCI for cancelation indication only carry very small number of information bits, e.g. 1 bit. 
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
· Further discuss which UL transmissions that can potentially be cancelled by the UL cancelation indication, including
· Dynamic scheduled UL transmissions, including PUSCH, PUCCH, SRS
· Semi-persistent UL transmissions, including PUSCH, PUCCH, SRS
· Periodic UL transmissions, including configured grant PUSCH, PUCCH, SRS
· PRACH
· Further discuss, aiming for down-selection, the group common DCI and UE-specific DCI for UL cancelation indication 
· For group common DCI (different from Rel-15 SFI)
· UE is configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies
· For UE specific-DCI
· When applicable, UE is configured to monitor a second UL grant for the same TB as an earlier PUSCH indicating UL cancellation before the end of the earlier PUSCH transmission. In this case, the UE follows the UL cancellation indication.   
Conclusion:
· Further discuss the following power control enhancements
· Increased TPC range
· FFS details, e.g. supported value range, number of TPC bits, accumulated and/or absolute TPC, configurability of the TPC tables, applicability to SRS/PUCCH. 
· Indication of open-loop parameter sets based on scheduling DCI without using SRI 
· Indication of open-loop parameter sets based on GC-PDCCH

Agreements on RAN1#97:
· [bookmark: _Hlk16609787]Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication
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

Agreements on RAN1#98:
· 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:
· [bookmark: _Hlk20835051]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

Agreements on RAN1#98bis:
Agreements:
· Regarding UL CI monitoring, support the following:
· A new RNTI (e.g. CI-RNTI) is used for UL CI
· FFS: Monitoring periodicity larger than [5] slot is not supported for UL CI
· The aggregation level(s) and the number of PDCCH candidates configured by RRC 
· FFS possible restrictions, e.g., the ones associated with SFI
· The DCI payload size for UL CI  is configured by RRC
· FFS possible values

Agreements:
· SRS can be cancelled by UL CI
· PUCCH cannot be cancelled by UL CI
· RACH related UL transmissions cannot be cancelled by UL CI, including MSG 1/3 in case of 4-step RACH, MSG A in case of 2-step RACH.
Agreements:
· Cross-carrier UL cancelation indication is supported using the same way as Rel-15 SFI/DL PI
· The indication field position in DCI for each cross-carrier indicated serving cell is configured by RRC
Agreements:
· Different UE processing time capability for UL CI (i.e. shorter or longer than T_proc2 for cap#2 UE) is not considered in Rel-16
· d2,1=0 also when DMRS and UL-SCH (for the PUSCH to be cancelled) are multiplexed in the 1st symbol
Agreements:
· In case of PUSCH repetitions, UL CI is applied to each repetition individually (actual repetition in case of Rel-16 PUSCH repetition) that overlaps with the resource (in time and frequency) indicated by UL CI.

Agreements:
· The reference time region where a detected UL CI is applicable is determined by the following:
· The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is at least equal to the minimum processing time for UL cancelation
· FFS X can be configured to be larger than the minimum processing time for UL cancelation
· The duration of the reference time region is configured by RRC
· FFS Possible values (e.g. 2OS, 4OS, 7OS, 14OS, 28OS?)
· FFS DL symbols are excluded from the reference time region
Agreements:
· The reference frequency region where a detected UL CI is applicable is configured by RRC
Agreements:
Support the following for UL CI
· Each UL cancelation indicator per serving cell has a RRC configurable field size of  X bits 
· One value of X is 14
· FFS other values (e.g. X can be N (N>0) times of 7)
· The time domain granularity for the reference time region is configured by RRC
· FFS the possible values  (e.g. the time region can be divided into [1],[2],[4],[7],[14],…portions)
· FFS valid configurations according to the duration of the time reference region
· The frequency domain granularity is determined based on the configured time domain granularity and the configured bit field size of each indicator
· The time and frequency resource for cancellation is jointly indicated by a 2D-bitmap (i.e. similar as DL PI) over the time and frequency partitions within the reference region
· FFS dynamic 2D-bitmap
R1-1911712
Agreements:
· For DG-PUSCH, one bit (separately from SRI) in UL grant is used to indicate the open loop power control parameter set 
· Introduce one new RRC parameter that contains one additional P0-PUSCH-Set per SRI
· The one bit indication is present in the UL grant when the above new RRC parameter is configured 
· If present, the one bit in the DCI is used to switch between the P0 value from the existing P0-PUSCH-AlphaSet and the P0 value from the newly configured P0-PUSCH-Set

Conclusion:
· No enhancement for CG-PUSCH power control in Rel-16 for inter-UE multiplexing
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