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Dynamic multiplexing between eMBB and  URLLC traffic in the DL was specified in Rel-15. However, how to multiplex UL traffic from UE and/or system perspective is to be specified in this release according to the following objective from the URLLC WID (RP-191584):
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]
· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)
In the last RAN1 meeting, several important agreements were made (provided in the sections below). In this contribution, we discuss the following aspects of inter-UE multiplexing in addition to discussing follow-up points from previous meetings: 
a) how to handle intra UE multiplexing (URLLC traffic for eMBB UE) during inter UE multiplexing period (where the eMBB UE is muted to allow URLLC transmissions of other UEs).
b) how to apply enhanced power control for the case of PUSCH repetition 
This contribution is a revised version of R1-1909149.
Discussion
UL Cancellation
UL CI monitoring
In RAN1#98, the following was agreed:
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
In our view, UL CI is configured to be monitored in a search space with a periodicity (let’s call it ‘p’). However, it would be helpful from power consumption point of view to not monitor UL CI in all corresponding PDCCH occasions (e.g., when there is no eMBB UL transmission). In section 2.1.2 we will discuss which signals/channels can be cancelled by an UL CI, and that we have two types of signal/channels: (a) type 1: signals/channels with an associated PDCCH (b) type 2: signals/channels without an associated PDCCH.  For  type 1 signals/channels (including eMBB PUSCH), we propose to use option 2 above. For type 2 signals/channels, we propose to monitor UL CI with a configured periodicity ‘q’ (which can be larger than the search space periodicity ‘p’). In other words, UL CI is monitored with periodicity ‘q’ all the time, and when there is an UL transmission with an associated PDCCH, in addition to monitoring occasions corresponding to the periodicity ‘q’; the UE monitors UL according to option 2 above. For example, Figure 1 shows an example where ‘p=7 symbols’; ‘q=35 symbols’; and there is an additional UL CI monitoring occasion in slot 5 due to an UL transmission with an associated PDCCH.
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[bookmark: _Ref21350914]Figure 1: An example of reducing UL CI monitoring: There are two monitoring occasions per slot associated with the search space in which UL CI is to be monitored; however, UL CI is actually monitored every 5 monitoring occasions. In addition UL CI is monitored when there is an UL transmission with an associated PDCCH as shown in slot 5. 
Alternatively, we can configure
· “Y1” monitoring occasions ending no later than X symbols before the start of UL transmission for type 1, and
· “Y2” monitoring occasions ending no later than X symbols before the start of UL transmission for type 2 
The two alternatives described above would trade off power savings vs. flexibility (multiple transmission opportunities) with CI transmission.
Proposal 1: ULCI is monitored at least
· every ‘Y’ monitoring occasions of the search space in which UL CI is configured to be monitored. 
· Y is determined based on a UE capability
· at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission when there is an UL transmission with an associated PDCCH
· X is related to UL CI processing time.

In the example above, Y=5.
[bookmark: _Ref21348717]UL transmissions cancelable by UL cancellation
In RAN1#98, the following was agreed:
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:
· 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
We express our view for each channel/signal in the following:
PUCCH
UCI types reported in a PUCCH include HARQ-ACK information, SR, and CSI. PUCCH can take 16 RBs, and hence cancellation could help URLLC operation in case of collision between eMBB PUCCH and URLLC resources. 
Regarding UL CI monitoring, 
· For PUCCH including at least HARQ-ACK, similar to the proposed option 2 for the PUSCH cancellation in the last meeting, the UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the PUCCH transmission, and X is related to UL CI processing time. 
· For PUCCH including only SR and/or CSI, UL CI could be monitored according to a configured periodicity and offset.

Proposal 2: ULCI can cancel PUCCH transmissions. 
· For HARQ-ACK transmissions, the UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the PUCCH transmission, and X is related to UL CI processing time.
· For SR and/or CSI transmissions, the UE monitors UL CI according to a configured periodicity and offset.
SRS
SRS can be transmitted periodically, semi-persistently, or a-periodically. SRS can be transmitted in wide bandwidth (Table 6.4.1.4.3-1 TS38.211) and could occupy 1, 2 or 4 symbols within the last 6 symbols of a slot. For aperiodic SRS, the triggered SRS is transmitted x slots after the PDCCH triggering the SRS transmission (see TS 38.331 slotOffset).
In our view, UL CI can indicate resources to be canceled and if those resources include some of the RBs of an SRS transmission, the corresponding SRS transmission would be cancelled. 
Regarding when UL CI should be monitored for SRS cancellation, 
· For aperiodic SRS transmissions or for semi-persistent SRS transmissions with associated PDCCH, similar to the proposed option 2 for the PUSCH cancellation in the last meeting, the UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the SRS transmission, and X is related to UL CI processing time.
· For periodic or for semi-persistent SRS transmissions without associated PDCCH, UL CI could be monitored according to a configured periodicity and offset. The monitoring periodicity can be a multiple of SRS periodicity. 

Proposal 3: ULCI can cancel SRS transmissions. 
· For SRS transmissions with an associated PDCCH, the UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the SRS transmission, and X is related to UL CI processing time.
· For SRS transmissions without an associated PDCCH, the UE monitors UL CI according to a configured periodicity and offset.
     
RACH
To be able to cancel RACH, the UE should be able to monitor ULCI reliable enough before RACH occasions. Depending on the PRACH configuration index, RACH occasions can vary from sparse to frequent occasions in time domain (Tables 6.3.3.2-2, 6.3.3.2-3, 6.3.3.2-4 TS 38.211). For PRACH configurations having sparse RACH occasions, cancelling a RACH preamble transmission may lead to a large delay e.g., for RRC Connection Re-establishment or beam failure recovery procedures for an eMBB user. For PRACH configurations having frequent RACH occasions, ULCI monitoring for each RACH occasion could be highly complex/power consuming. In addition, for some RACH triggering conditions, such as beam failure recovery, PDCCH may not be received reliably prior to preamble transmission e.g., beam recovery failure.  For contention-based RACH, if ULCI is monitored after reception of a RAR, Msg3 PUSCH can be canceled, especially as it can be retransmitted. Given the discussion, we suggest the following:
Proposal 4: ULCI cannot cancel PRACH preamble, but can cancel Msg3 PUSCH .
PUSCH/PUCCH repetitions
 In our view, UL CI would indicate the resources in which UL transmissions of an eMBB UE should be cancelled, and only PUCCH/PUSCH repetitions with symbols indicated in UL CI would be cancelled. 
Proposal 5: Only PUSCH/PUCCH repetitions with resources indicated in UL CI are canceled.
Scheduling on additionally dropped resources
In the last meeting, there was an FFS on whether another PUSCH can be scheduled in non-pre-empted resource. In our view, this depends on the search spaces and PDCCH occasions the UE monitors in a slot for which cancellation occurs. Basically, if the Rel-15 behavior allows transmission of multiple PUSCHs in a slot, cancelling one PUSCH and transmitting another PUSCH in that slot is not expected to be harder than transmitting two PUSCHs in that slot.
Proposal 6: Another PUSCH can be scheduled in non-pre-empted resource.
Impact to a different carrier due to UL cancelation
In our view, this aspect is similar to the impact of power scaling for NR transmissions on one carrier on transmissions of another carrier in UL CA scenario to respect maximum power constraint.
 Observation 1: Impact to a different carrier due to UL cancelation is similar to the impact due to power scaling in UL CA when the UE is power-limited. UL CI cancelling transmission on a carrier does not result in transmit power variation within an overlapping transmission occasion on a different carrier.  
Indication of time/frequency resource for UL CI
Several options were discussed in RAN1#98 (R1-1909774) for time/frequency determination for UL cancellation. In this section, we express our views in those regards.
For DL PI (section 11.2 TS 38.213), a bit-map in DCI format 2_1 indicates the symbols and PRBs (from a set of PRBs and a set of symbols of the last monitoring period) in which the UE may assume that no transmission to the UE is present. The set of symbols are the symbols that exist between two monitoring occasions of DL PI (the last symbol is the symbol prior to the first symbol of the CORESET in the slot in which DL PI was sent).
Similarly, we think for UL CI, a set of PRBs and set of symbols can be defined from the ending symbol of the PDCCH carrying the UL CI. We think the number of symbols can be indicated by RRC signaling (e.g., as a multiple of search space periodicity). This is different than DL PI case wherein the number of symbols was determined based on the DL PI monitoring periodicity. One reason is to support UL CI monitoring reduction (UL CI is not monitored in all monitoring occasions, e.g., UL CI is monitored in periodic and a-periodic monitoring occasions defined in proposal 1).
In frequency domain, DL PI uses full BWP as the set of PRBs. As the eMBB UE can transmit UL signals potentially over the whole active UL BWP, considering UL CI can mute multiple UEs at the same time (noting that URLLC transmissions could be wideband), the set of PRBs can be the whole active UL BWP.   
We refer to those sets as time/frequency region.  
Proposal 7: Upon detecting an UL CI on a PDCCH monitoring occasion, 
· the time region starts from X symbols after the ending symbol of the PDCCH carrying the UL CI, where X is the minimum processing time for UL cancelation.
· the length of the time region equals to an RRC configured multiple of the monitoring periodicity of UL CI
· the frequency region equals to the PRBs in the UL active BWP

Once the time/frequency region is defined, a bit-map in UL CI can indicate the symbols and PRBs within the time/frequency region to be cancelled.
For DL PI, there exist two possible granularities for time-frequency domain indication within the time-frequency region, and one possibility is signaled in RRC (both possibilities would lead to a 14-bit bitmap). For UL PI, we suggest a similar approach, but maybe with finer granularity for frequency domain as depending on whether the URLLC UE is a cell-edge UE or not, the bandwidth to be muted for eMBB UEs might be small or large. Therefore we suggest the following:
Proposal 8: The bit-field size for each indication of time/frequency resource in UL CI is [14] bits.
· The granularity for time indication within the time region is RRC configured from {1, 2, 7} symbols
· The granularity for frequency indication is determined from the granularity of time indication.
  
Group common vs. UE-specific UL cancellation
In RAN1#96b, the following was agreed:
Agreements:
· 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.
In RAN1#97, group-common signaling was agreed, and UE-specific signaling was left as FFS. There are benefits to GC and UE-specific UL cancellation schemes as discussed in R1-1907666. We prefer to adopt an UL cancellation mechanism consistent with the DL counterpart specified in Rel-15 (i.e., interrupted transmission indication via group common signaling using DCI format 2_1). 
Proposal 9: Group common DCI (similar to Rel-15 DCI format 2_1) is used to indicate UL cancellation. UE-specific cancellation indication is not supported.
URLLC transmission colliding with pre-empted period
Regarding the UL cancellation schemes, in our view, it should be further studied how to address the case that the UE has URLLC UL transmission colliding with pre-empted period. Such URLLC traffic may be a configured grant PUSCH transmission, could be a PUCCH transmission in response to a URLLC PDSCH or could be a dynamically granted URLLC PUSCH (with the URLLC grant for the eMBB UE coming before or after the UL pre-emption indication).
One potential solution could be to consider the UL pre-emption indication as a dynamic UL grant, and apply intra-UE multiplexing solutions (which will be specified) e.g., between configured grant and dynamic grant or between two dynamic grants. However, such a solution may impact the performance of other URLLC UEs if the solution results in URLLC transmission of the eMBB UE in the eMBB pre-empted period. Another solution that is applicable to dynamically scheduled URLLC PDSCH/PUSCH, could be to prioritize the later DCI between UL pre-emption and UL grant or DL assignment for the URLLC traffic (of the eMBB UE). If UL pre-emption indicates/implies a set of frequency resources where the eMBB UE should mute its eMBB transmission (for example, if pre-emption means UE should not transmit in scheduled eMBB RBs, and can potentially transmit in other RBs outside the eMBB scheduled RBs), then another solution could be to allow URLLC UL transmission for the eMBB UE during the pre-empted period if the frequency resources of the UL URLLC transmission and those of the pre-emption indication do not collide.    
Proposal 10: The case where the UE has URLLC UL transmission colliding with pre-empted period needs to be addressed.
Enhanced Power Control
An alternative scheme for inter UE multiplexing, is boosting transmission power of URLLC UEs (in case of overlapping eMBB transmission of other UEs). However, power boosting may not be applicable to power limited UEs or may lead to inter cell interference.
In RAN1#98, the following was agreed:
[bookmark: _GoBack] 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
To determine the number of bits required for the indication, we consider the following aspect.
Power boosting for PUSCH with repetition
To achieve a high reliability, URLLC PUSCH transmission may be repeated multiple times via a single UL grant (agreed option 4). Depending on when an eMBB PUSCH of another UE, with overlapping resources with those of the URLLC UE starts, boosting the URLLC UE’s transmission power for all repetitions may not be a good idea. Noting that higher URLLC transmit power may lead to inter-cell interference for UEs in neighbor cells, in slots that URLLC and eMBB UEs do not overlap, there is no need for the URLLC UE to boost its transmission power. This problem can be pronounced more if the UE uses multiple carriers, and unnecessarily using transmission power on one carrier may lead to dropping of transmission on other carriers (those carriers may also have URLLC traffic not overlapping with any eMBB) due to insufficient remaining power.
One way of addressing the above issue is to apply the power boost only to the PUSCH repetitions of the first scheduled slot. If needed additional power boost commands can be sent for the PUSCH repetitions in slots other than the first scheduled slot. Another way is to indicate for which of the scheduled slots, the power boost is applicable.  
Observation 2: If UL power boosting is used for an URLLC UE to help with inter UE multiplexing, the power boost may or may not be applicable to all of the URLLC PUSCH repetitions scheduled via a single UL grant.
In our view, 1 bit for indication of power boost seems sufficient and depending on how power boosting for PUSCH repetitions is handled, maybe 1 (or 2) additional bit(s) is required.
Proposal 11: For a DG-PUSCH, at least 1 bit for the indication an open-loop parameter set is needed. 
· Depending on how power boosting for PUSCH repetitions is handled, 1 (or 2) additional bit(s) maybe required.
 Power boosting for CG-PUSCH
For CG-PUSCH, in our view, DCI format 2_2 can be reused for URLLC UEs to do power boosting. Given the reasoning used to choose open-loop parameter set indication over TPC range extension for DG-PUSCH, we support option 1-1 discussed in the last RAN 1 meetings for CG-PUSCH. For multiple active CG-PUSCH, one option is to group multiple CG-PUSCH e.g., into 4 groups if the UE configured with 12 UL CG configurations, and allocate upto 4 blocks in GC signaling.
Proposal 12: Indication of open-loop parameter sets based on UE-specific/configured grant specific indication fields in group common DCI
· Group multiple CG-PUSCH configurations into upto 4 groups and allocate upto 4 blocks in GC signaling. FFS details of grouping.

Conclusion
In this contribution, we propose the following:
 Proposal 1: ULCI is monitored at least
· every ‘Y’ monitoring occasions of the search space in which UL CI is configured to be monitored. 
· Y is determined based on a UE capability
· at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission when there is an UL transmission with an associated PDCCH
· X is related to UL CI processing time.
Proposal 2: ULCI can cancel PUCCH transmissions. 
· For HARQ-ACK transmissions, the UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the PUCCH transmission, and X is related to UL CI processing time.
· For SR and/or CSI transmissions, the UE monitors UL CI according to a configured periodicity and offset.
Proposal 3: ULCI can cancel SRS transmissions. 
· For SRS transmissions with an associated PDCCH, the UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the SRS transmission, and X is related to UL CI processing time.
· For SRS transmissions without an associated PDCCH, the UE monitors UL CI according to a configured periodicity and offset.
Proposal 4: ULCI cannot cancel PRACH preamble, but can cancel Msg3 PUSCH.
Proposal 5: Only PUSCH/PUCCH repetitions with resources indicated in UL CI are canceled.
Proposal 6: Another PUSCH can be scheduled in non-pre-empted resource.
Proposal 7: Upon detecting an UL CI on a PDCCH monitoring occasion, 
· the time region starts from X symbols after the ending symbol of the PDCCH carrying the UL CI, where X is the minimum processing time for UL cancelation.
· the length of the time region equals to an RRC configured multiple of the monitoring periodicity of UL CI
· the frequency region equals to the UL active BWP
Proposal 8: The bit-field size for each indication of time/frequency resource in UL CI is [14] bits.
· The granularity for time indication within the time region is RRC configured from {1, 2, 7} symbols
· The granularity for frequency indication is determined from the granularity of time indication.
Proposal 9: Group common DCI (similar to Rel-15 DCI format 2_1) is used to indicate UL cancellation. UE-specific cancellation indication is not supported.
Proposal 10: The case where the UE has URLLC UL transmission colliding with pre-empted period needs to be addressed.
Proposal 11: For a DG-PUSCH, at least 1 bit for the indication an open-loop parameter set is needed. 
· Depending on how power boosting for PUSCH repetitions is handled, 1 (or 2) additional bit(s) maybe required.
Proposal 12: Indication of open-loop parameter sets based on UE-specific/configured grant specific indication fields in group common DCI
· Group multiple CG-PUSCH configurations into upto 4 groups and allocate upto 4 blocks in GC signaling. FFS details of grouping.

Observation 1: Impact to a different carrier due to UL cancelation is similar to the impact due to power scaling in UL CA when the UE is power-limited. UL CI cancelling transmission on a carrier does not result in transmit power variation within an overlapping transmission occasion on a different carrier.
Observation 2: If UL power boosting is used for an URLLC UE to help with inter UE multiplexing, the power boost may or may not be applicable to all of the URLLC PUSCH repetitions scheduled via a single UL grant.
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