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Background
In RAN#83 plenary meeting, a work item on physical layer enhancements for NR URLLC was approved [1]. UL cancelation scheme and enhanced power control scheme are included in the work item for specification of enhanced inter UE Tx prioritization/multiplexing. In RAN1#96b, we achieved the working assumption that PDCCH is used for UL cancelation indication [2]. Additionally, in RAN1#97, we agreed to support at least group common DCI for cancelation indication [3]. Moreover, UE UL CI monitoring behaviour was discussed in RAN1#98 [4].
	Agreements:
· Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication
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 this contribution, we propose UL cancelation indication design for enhanced inter UE Tx prioritization/multiplexing.
Discussion
UL cancelation indication design for enhanced inter UE Tx prioritization/multiplexing
In Rel-15, pre-emption based interrupted transmission has been already introduced for DL [5]. Since an ongoing PDSCH transmission of a UE can be pre-empted by another PDSCH with higher priority, in the DL, DCI format 2_1 is used for indicating PRB(s) and/or OFDM symbol(s) where the UE may assume no transmission is intended for the UE.
Similarly, for UL, due to the sporadic nature of URLLC, its PUSCH transmission may pre-empt UL resources allocated for other PUSCHs with lower priority from different UEs. In addition, it is beneficial to the high reliability if the PUSCH for URLLC is not interfered by other PUSCHs from different UEs. Hence, the same concept of pre-empted resource indication as the DL pre-emption can be applied, and a cancellation indication (CI) is also needed to indicate the PRB(s) and/or OFDM symbol(s) where other UEs should not transmit to avoid the inter-UE interference. 
Observation 1: UL CI needs to indicate PRB(s) and/or OFDM symbol(s) similar to DL pre-emption
For the DL pre-emption indication, the DCI format 2_1 has been specified in Rel-15. In this indication, a 2D bitmap is used to indicate the pre-empted PRB(s) and symbol(s) from a reference resource area, i.e., a set of PRBs and a set of OFDM symbols. Similarly, a 2D bitmap can be also used for UL CI. First of all, it is advantageous to reuse DL pre-emption indication design as much as possible since we have only two meetings to finalize Rel-16. 
Another possible way is to use two 1D bitmaps, i.e., one bitmap in time domain and the other bitmap in frequency domain. However, two 1D bitmaps may result in ghost pre-emption. Namely, UE may be notified to cancel UL transmission at a specific time/frequency resource according to the two 1D bitmaps, but the resource is not pre-empted, which results in unnecessary cancellation. An example is shown in Figure 1. For a 2-by-7 reference resource grid, the pre-emptions in Figure 1(a) can be represented by a 2D bitmap, e.g., [0, 0; 0, 0; 1, 0; 0, 0; 0, 1; 0, 0; 0, 0]. However, if we use two 1D bitmaps, e.g., [1, 1] for frequency domain bitmap and [0, 0, 1, 0, 1, 0, 0] for time domain bitmap, ghost pre-emptions happen as shown in Figure 1(b).


Figure 1: Examples for UL cancellation indication design
Observation 2: Comparing to 2D bitmap indication, using two separate indications in time domain and frequency domain may result in unnecessary cancellations.
Proposal 1: The signaling design for the resource indication by UL CI in Rel-16 should reuse the design from the resource indication for DL pre-emption in Rel-15. 
The reference resource areas, i.e., the sets of PRBs and OFDM symbols, can be different between UL case and DL case. For DL pre-emption indication, the set of PRBs of the reference resource area is equal to the active DL BWP and the set of OFDM symbols of the reference resource area are the set of OFDM symbols included from the beginning of last monitoring period to the beginning of the CORESET where UE detects DCI format 2_1. In addition, DL pre-emption indication is slot-based since the pre-emption indication is used to help UE with decoding so that mini-slot-based monitoring is not necessary. 
However, for UL case, to cancel a PUSCH transmission successfully, CI should be monitored in a timely manner. In this case, UE may be configured with more than one PDCCH monitoring occasions for UL CI in a slot. As a result, the set of symbols for UL CI reference can be smaller than that for DL PI reference. If DCI format carrying UL CI uses the same size as DCI format 2_1, the indication granularity of UL CI can be finer than that of DL PI. 
Hence, we have the following proposals.
Proposal 2: UE that supports UL CI can be configured with more than one PDCCH monitoring occasions for UL CI in a slot.
Proposal 3: Finer indication granularity of UL CI comparing to DL PI can be considered to avoid unnecessary cancellation.
UE monitoring behaviours for UL CI
We discuss the UE behaviours for monitoring PDCCH with DCI for UL CI.
For grant-based PUSCH transmission, UE does not need to monitor UL CI if there is no granted PUSCH transmission. Here, we can have the proposal:
Proposal 4: UE with grant-based UL transmission is only required to monitor UL CI after a UL grant is detected until the corresponding UL transmission has been finished.
On the other hand, for UE configured with UL configured grant (CG) transmission, there may not be explicit UL grant for PUSCH transmission. In this case, UE monitoring behavior for UL CI may be different from Proposal 4.
If the periodicity of CG transmission is large (e.g., more than 2 slots), UE does not need to monitor UL CI in every slot. So, we have the following observation:
Observation 3: For CG UE configured with large periodicity, it is not necessary for the UE to monitor UL CI frequently. 
As a result, CG UE only needs to monitor UL CI once per transmission occasion. Based on the observations above, we propose:
Proposal 5: For UE configured with CG transmission, UE monitors UL CI 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.
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: UL CI needs to indicate PRB(s) and/or OFDM symbol(s) similar to DL pre-emption
Observation 2: Comparing to 2D bitmap indication, using two separate indications in time domain and frequency domain may result in unnecessary cancellations.
Observation 3: For CG UE configured with large periodicity, it is not necessary for the UE to monitor UL CI frequently.
Proposal 1: The signaling design for the resource indication by UL CI in Rel-16 should reuse the design from the resource indication for DL pre-emption in Rel-15.
Proposal 2: UE that supports UL cancellation can be configured with more than one PDCCH monitoring occasions for UL CI in a slot.
Proposal 3: Finer indication granularity of UL CI comparing to DL PI can be considered to avoid unnecessary cancellation.
Proposal 4: UE with grant-based UL transmission is only required to monitor UL CI after a UL grant is detected until the corresponding UL transmission has been finished.
Proposal 5: For UE configured with CG transmission, UE monitors UL CI 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.
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