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1 Introduction
[bookmark: _Hlk534972253]In RAN#83 plenary meeting, the WID on physical layer enhancements for NR URLLC was approved [1]. Regarding inter UE Tx prioritization/multiplexing, the following scope is defined. 
· 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)  
Similarly, as in Rel-15 DL eMBB/URLLC multiplexing, reserving UL time-frequency resources to facilitate the potential UL transmission of sporadic URLLC traffic would reduce network resource efficiency. Thus, UL inter-UE multiplexing with dynamic indication (referred to as UL cancelation indication) will be a key solution for multiplexing UL transmissions with various latency and reliability requirements. Regarding UL cancelation scheme, the following agreements are made in the RAN1#98bis meeting [2].
	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:
· 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


In this contribution we discuss remaining issues on the UL cancelation indication.

2 Reference UL resource for UL cancelation indication
To indicate which resource is canceled, it needs to identify reference UL resource and how to divide the reference UL resource, as shown in figure 1. 
In the last RAN1#98bis meeting, it was agreed that the staring symbol of reference UL resource is 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. The length of reference UL resource is Y symbols which is configured by RRC. The frequency domain of reference UL resource is also configured by RRC. 
After identifying the reference UL resource, the reference UL resource is divided into 2-D time-frequency segments and each segment is indicated by 1-bit. For segmentation, the number of 2-D time-frequency segments (B), which is equivalently same with the number of UL CI bit-size, and time granularity (GT) are configured. According to the time granularity, the reference UL resource is first segmented in time domain to generate NT symbols groups. The frequency domain granularity (GF) and the number of frequency-domain segments (NF) are determined based on the number symbol groups and the number of 2-D time-frequency segments, such that NT*NF≤B, then F PRBs are segmented into NF PRB groups. For example, Figure 1 shows the case of Y=4, B=8, and GT=2. Y symbols are first grouped into NT=2 symbol groups, each of which has GT=2 symbols. The frequency domain of reference UL resource is partitioned into NF=4 PRB groups. Here, NF = floor(B/NT)= floor(8/2) is chosen to use all of bits in UL CI. 

[image: ]
Figure 1. Illustration of reference UL resource and segmentation

Exclude semi-static DL symbols for reference UL resource
The remaining issue is whether/how to exclude semi-static DL symbols from reference UL resource. In Rel-15 DL PI, semi-static UL symbols are excluded from reference DL resource which provides in finer granularity. Similarly as in DL PI in Rel-15, by excluding semi-static DL symbol from the reference UL resource, the number of symbol groups given a configured time-domain granularity may be reduced. Also, the remaining bits can be used to divide the frequency domain of the reference UL resource. For example, the case of Y=4, B=8, and GT=2 is shown in figure 2 with the semi-static DL/UL configuration DDDDDDDFUUUUUU. Among the Y=4 symbols, the first 2 symbols overlap with semi-static DL symbols so that the reference UL resource only includes last 2 symbols. The reference UL symbols are first grouped into NT=1 symbol group, each of which has GT=2 symbols. The frequency domain of reference UL resource is partitioned into NF=8 PRB groups. Here, NF = floor(B/NT)= floor(8/1)=8 is chosen to use all of bits in UL CI. Compared to figure 1 where 4 symbols are included in reference UL resource, it provides finer granularity in frequency-domain. So, we propose
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· Proposal 1: When determining reference UL resource, semi-static DL symbols are excluded from the Y symbols. 

Inconsistent indication
[image: ]
Figure 3. Overlapping two reference UL resources

The duration of reference UL resource, Y, can be configured with a value larger than UL CI monitoring periodicity. In this case, two reference UL resources are partially overlapped. The remaining issue is that when a UE receives two UL CIs and the CIs indicate different cancelation information for a symbol. It is shown in figure 3 where time domain granularity is configured to GT = 2 symbols. An UL channel/signal overlaps with first symbol of the 6th symbol group in the reference UL resource corresponding to UL CI#0. So, the UL CI#0 indicates ‘1’ for the 6th symbol group. However, the UL channel/signal overlaps with second symbol of the 2nd symbol group in the reference UL resource corresponding to UL CI#1. So, the UL CI#1 indicates ‘1’ for the 2nd symbol group. The problem is whether to cancel a UL channel/signal in symbol ‘s1’ and ‘s2’. From UL CI#0 perspective, an UL signal in symbol ‘s1’ should not be cancelled, i.e., transmitted while from UL CI#1 perspective, the UL signal in symbol ‘s1’ should cancelled. Two options are considered: 
· Option 1. Follow the latest UL CI, i.e., UL CI#1
· Option 2. If one UL CI indicates a symbol as ‘1’, then cancel an UL signal in the symbol indicated as ‘1’, regardless of other UL CI. 

In Option 1, there are more than one UL CIs are detected, UE follows the latest UL CI because the latest UL CI may indicate the latest gNB decision. In other words, it allows that gNB changes a decision based on URLLC traffic between UL CI#0 and UL CI#1. With this option, a UL signal in symbol ‘s1’ should be cancelled while a UL signal in symbol ‘s2’ should not be cancelled, i.e., transmitted. The drawback of option 1 is that a UE cannot determine whether a UL channel/signal is cancelled or not before receiving the latest UL CI (i.e., UL CI#1)
In Option 2, it allows that a UE cancels a UL channel/signal whenever the UE receives UL CI#0. For example, when a UE receives UL CI#0, a UL channel/signal in symbol ‘s2’ is cancelled. Even if UL CI#1 indicates ‘0’ for symbol ‘s2’, the UL channel/signal in symbol ‘s2’ is still cancelled. The merit of this option is simple UE implementation. 
· Proposal 2: RAN1 should clarify a UE behaviour when inconsistent UL CIs are detected. 
· Option 1. Follow the latest UL CI, i.e., UL CI#1
· Option 2. If one UL CI indicates a symbol as ‘1’, then cancel an UL signal in the symbol indicated as ‘1’, regardless of other UL CI. 

Ambiguity of starting symbol of reference UL resource
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Figure 4. Different numerology case.

In the last RAN1#98bis meeting, it was agreed that the starting symbol of reference UL resource is determined by the ending symbol of the PDCCH CORESET carrying the UL CI. Consider a case that subcarrier spacing of DL cell where UL CI is detected, is larger than that of UL cell where UL CI is applied. For example, as shown in figure 4, the ending symbol of the PDCCH CORESET carrying the UL CI is in middle of a UL symbol in UL cell. Therefore, to support such a case, 
· Proposal 3: Update the agreement to determine the starting symbol of reference UL resource: 
· The reference time region starts from X symbols after the endinglast symbol ofoverlapping the PDCCH CORESET carrying the UL CI, where X is at least equal to the minimum processing time for UL cancelation
[bookmark: OLE_LINK69]
Monitoring Behavior for UL cancelation indication
In order to reduce the number of blind decoding for UL cancelation indication, the following two options are discussed in the last RAN1#98 meeting. 
· 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.
A basic rule is that a UE should monitor a UL cancelation indication if the reference UL resource corresponding to the UL cancelation indication and the scheduled PUSCH are overlapped at least one symbol. Therefore, before discussing how to reduce # of blind decoding, we first determine how to make a reference UL resource.
· Proposal 4: A UE should monitor a UL cancelation indication if the reference UL resource corresponding to the UL cancelation indication and the scheduled PUSCH are overlapped at least one symbol.
 
3 Conclusion
In this contribution, we discussed the UL cancelation indication and the followings are proposed 
· Proposal 1: When determining reference UL resource, semi-static DL symbols are excluded from the Y symbols. 
· Proposal 2: RAN1 should clarify a UE behaviour when inconsistent UL CIs are detected. 
· Option 1. Follow the latest UL CI, i.e., UL CI#1
· Option 2. If one UL CI indicates a symbol as ‘1’, then cancel an UL signal in the symbol indicated as ‘1’, regardless of other UL CI. 
· Proposal 3: Update the agreement to determine the starting symbol of reference UL resource: 
· The reference time region starts from X symbols after the endinglast symbol ofoverlapping the PDCCH CORESET carrying the UL CI, where X is at least equal to the minimum processing time for UL cancelation
· Proposal 4: A UE should monitor a UL cancelation indication if the reference UL resource corresponding to the UL cancelation indication and the scheduled PUSCH are overlapped at least one symbol.
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