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Introduction
This contribution considers remaining issues on UL inter-UE multiplexing for URLLC. 


DG-PUSCH
Before considering remaining design issues for the UL CI, some aspects of the UE implementation are considered upon detection of a GC-DCI format providing the UL CI. The following was agreed in RAN1#98 and the last 2 FFS were not concluded in RAN1#98bis.

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 non-canceled 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

One issue with UE implementation impact is whether a UE can expect that another PUSCH will be scheduled in a same slot as a cancelled PUSCH. This is in principle a gNB implementation issue without specification impact. For example, if the gNB configures a UE to monitor unicast DCI formats in a search space set having same PDCCH MOs as the search space set for the GC-DCI format providing UL CI, the gNB can potentially schedule another PUSCH in non-canceled resources. However, for an eMBB UE, it can become too complex having to cancel an ongoing PUSCH transmission while preparing to transmit another PUSCH. There is also very little to be gained from a system efficiency perspective by a gNB rescheduling the same UE over residual/non-canceled resources (a UE without a scheduled PUSCH in the slot may also be possible to schedule). It should be an error case for a UE to receive an UL CI indicating cancelation of transmissions in a slot and then receive a DCI format (after the UL CI reception) that triggers a transmission in the slot as this will unnecessarily complicate the UE implementation for having to, during a same PUSCH preparation time, cancel an ongoing PUSCH transmission and prepare for a new PUSCH transmission.

Proposal 1: A UE that cancels a transmission in a slot based on an UL CI indication does not expect to be scheduled another transmission in the slot. 


FG 5-11 to FG 5-13 describe the number of PUSCHs (or unicast PDSCHs) that a UE can support per slot. If a PUSCH transmission is cancelled, it should still be counted as part of FG 5-11 to FG 5-13.

Proposal 2: A canceled PUSCH transmission by a UE is counted towards the number of PUSCH that a UE can support per slot. 


Regarding the fourth FFS, phase continuity issues can occur whenever there is a change in power of ongoing transmissions. The impact of phase discontinuity depends on several factors including the level of power variation, the modulation scheme, the UE implementation, etc. This is already the case for UL CA in Rel-15 whenever a UE needs to power scale a transmission to avoid exceeding a maximum transmission power or when transmissions are not perfectly time aligned as in LTE. The worst-case scenario is that a cancelation of a transmission affects not only the transmission on the corresponding cell but also has some effect on the transmissions on other cells. Given the sporadic nature of URLLC transmissions, the overall impact is much less than when UL CA is not operated as in LTE.

Observation 1: There is no need to further consider phase discontinuity in UL CA due to UL cancelation on a cell. 

Regarding the PDCCH monitoring for a GC-DCI format with UL CI, the following were agreed in RAN1#98 and in RAN1#98bis

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:
· 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

Rel-15 can provide all the necessary flexibility for a search space set configuration and there is no need for any restrictions to what a gNB can configure. From a gNB perspective, restrictions in the configuration of search space sets already exist in Rel-15 due to the finite capability of a UE for a number of PDCCH candidates and non-overlapping CCEs that the UE can monitor. For example, there is no need to limit by specification the number of PDCCH candidates or CCE aggregation levels that a gNB can choose to configure to a UE for monitoring PDCCH for the DCI format with the UL CI information. For example, in a cell with good/bad geometry, a gNB can choose to use a small/large CCE aggregation level. For example, depending what other PDCCHs are transmitted in the CORESET, the gNB can choose to configure one PDCCH candidate or multiple PDCCH candidates. Forward compatibility, for example for introducing other GC-PDCCH, may also be affected by unnecessary limitations. 

Regarding the conditions for a UE to monitor UL CI, this is a UE implementation issue and does not need to be specified. It is noted that there are no UE power saving gains associated with skipping the (few) PDCCH candidates for UL CI when the UE cannot shut down its RF and baseband. What needs to be specified is that a UE is expected to cancel applicable transmissions based on N2 processing time requirement for UL cancelation. When the UE needs to monitor PDCCH in order to achieve that objective depends on the search space set configuration associated with the DCI format providing the UL CI, on the UE capability/implementation, and is a consequence rather than an individual design aspect. Further, the UE determination for the search space sets that the UE can monitor PDCCH should remain as in Rel-15 and be invariant of whether or not the UE determines whether or not the UE needs to monitor UL CI. This avoids introducing new complexities to UE implementations and avoids misunderstandings between the gNB and the UE for what the UE monitors (e.g. when the UE fails to detect an UL grant). 

Observation 2: The Rel-15 configuration of search space sets is sufficient for the configuration of a search space set for PDCCH monitoring of a GC-DCI format providing UL CI. The parameter [nrofCandidates-CI] can be removed.

Observation 3: There is no need to specify methods to reduce UE monitoring of PDCCH for UL CI. 

Regarding the UL CI information contents, the following were agreed in RAN1#98bis

Agreements:
· [bookmark: _Hlk24148511]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

As UL CI needs to address multiple cells (it is likely that URLLC will be on SCells that can be small cells while the PCell is likely to be a macro-cell), as a UE PDCCH monitoring capability is limited, the number of PDCCHs with different UL CIs needs to be minimized and the size of the UL CI per cell needs to be adjustable/configurable. This means that values less than X=14 need to be supported. The value of X can be per cell and depend on the number of cells and values of 1, 2, and 7 should also be possible. The time domain granularity can depend on the value of X but, to avoid any constraints, it can be separately configured as done currently – a value of 2 seems reasonable as a minimum one while a value of 14 seems reasonable as the maximum one – nevertheless, a value of 1 can also be included for a potential set of 8 values such as {1, 2, 3, 4, 6, 8, 10, 14}. 

Ideally, the UL CI should exclude DL symbols. However, this is likely to lead to a complex design for the UL CI where either the size, or the granularity, or the region in time that is addressed by the UL CI is variable. Such complexity in the design is not worth any potential occasional benefits from improved granularity or range particularly considering the transmissions get cancelled and the cost may be an unnecessary eMBB retransmission with a probability that is far smaller than the typical PUSCH BLER given that preemption is by itself an unlikely event especially for DG-PUSCH. A same reasoning applies for a “dynamic 2D” design.
 
[bookmark: _GoBack]Overall, re-using the DL PI design is preferable as this would lead to a largely same UE/gNB implementation. It should be understood that the main purpose of UL CI is to protect URLLC PUSCH rather than squeeze out some residual spectral efficiency gain for eMBB PUSCH by avoiding a few cancelations. This is because eMBB PUSCH cancelation is by itself an event with probability (much) smaller than the eMBB PUSCH BLER, especially considering that for DG-PUSCH the gNB scheduler can typically avoid collisions and considering the infrequent nature of URLLC traffic. Improving, say by 25%, an event that already has minimal impact on the spectral efficiency of a network, will still result to an event with minimal impact on the spectral efficiency of the network. 

Proposal 3: The bitmap of the UL CI indicates time and frequency resources, in a given time/frequency resource region, in the same manner as the bitmap of the DL PI.



Conclusions
This contribution considered aspects related to inter-UE multiplexing/interference avoidance and proposes the following.

Proposal 1: A UE that cancels a transmission in a slot based on an UL CI indication does not expect to be scheduled another transmission in the slot. 

Proposal 2: A canceled PUSCH transmission by a UE is counted towards the number of PUSCH that a UE can support per slot. 

Proposal 3: The bitmap of the UL CI indicates time and frequency resources, in a given time/frequency resource region, in the same manner as the bitmap of the DL PI.


In addition, the following observations are made.

Observation 1: There is no need to further consider phase discontinuity in UL CA due to UL cancelation on a cell. 

Observation 2: The Rel-15 configuration of search space sets is sufficient for the configuration of a search space set for PDCCH monitoring of a GC-DCI format providing UL CI. The parameter [nrofCandidates-CI] can be removed.

Observation 3: There is no need to specify methods to reduce UE monitoring of PDCCH for UL CI. 
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