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1 Introduction

On RAN1 #96, following agreements were achieved for inter-UE multiplexing [1]: 

Agreements:

· Recommend both UL cancelation scheme and enhanced UL power control scheme to be specified. 

On RAN #83, a WI [2] was approved for NR URLLC with following objectives: 

· 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) 
On RAN1 #96b, following working assumption and agreements were achieved for inter-UE multiplexing [3]: 

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. 
Agreements:
· Upon detecting an UL cancelation indication, at least stop without resuming is supported

· FFS whether and how to support stop with resume 

Agreements:

· 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
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 this contribution, a revision of R1-1905122, we discuss reliability enhancements for the cancelation indication option.
2 Discussion
To enhance the reliability, one way is to reduce the DCI payload size, but in this section, we discussed it from a different angle, to relax the reliability requirement. Note that the solution discussed in this section is given with the group common DCI option assumed but it is also applicable to the UE-specific DCI option.
Normally, an AL is selected for a DCI according to the channel quality and a UE needs to blindly detect which AL is used. Considering eMBB UEs need to monitor PIs frequently in NR Rel-16 in addition to other DCIs, it is proposed to limit the number of ALs of the DCI carrying the UL PI to one which means UEs are not required to do AL-wise blind detection. 

Proposal 1: for the group common DCI option, it is proposed to use fixed AL for the DCI carrying the UL PI. 

In [4], two types of indications were discussed for the group common DCI option, one type is to do cancellation indication and the other type is to do continuation indication. The cancellation indication indicates which eMBB UEs should cancel their transmissions, it must be more reliable than the URLLC data packet as once it is lost, the eMBB transmission may corrupt the URLLC reception, and it can be transmitted only when there are pre-emption(s) to happen. The continuation indication indicates which eMBB UEs should continue their transmissions and an eMBB UE cancels the scheduled transmission if no UL PI is detected. Since lost indication will not cause the eMBB transmission corrupt the URLLC reception, continuation indication could be less reliable than the cancellation indication but it must be transmitted in all configured periods including those without pre-emption(s).
To sum up, the cancellation indication is not preferred due to first it requires a robust AL with more signalling overhead, second it may also increase DCI blocking rate on the gNB side, and third it increases the UE complexity with more processing capacity required; the continuation indication is not preferred neither due to it requires the UL PIs to be transmitted in all configured periods with more signalling overhead and more UE power consumption. 

Observation 1: cancelation indication requires a robust AL which may increase control signalling overhead and PDCCH blocking rate, and continuation indication requires to be transmitted in all monitoring periods which may increase control signalling overhead and UE power consumption. 
For the UL PI, only UEs with bad channel quality have the reliability concern and it is not difficult for UEs with good channel quality to achieve the required reliability with a low AL. Therefore it can be considered to use a combined indication of cancelation and continuation, different UEs take different actions once it is lost, i.e., UEs with good channel quality take it as a cancelation indication while UEs with bad channel quality take it as a continuation indication. 

The way how the UL PI is processed is illustrated in Figure 1. As proposed above, a single AL is used for UL PI and this AL is configurable. The key point is to select a proper AL so that UEs with good channel quality receive it with high reliability while UEs with bad channel quality receive it with low but acceptable reliability.
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Figure 1 Cancelation/Continuation Indication
It can be considered to use the AL used by the DCI which schedules the PUSCH overlapping with the associated time of the UL PI to implicitly indicate each UE’s channel quality, for example, AL higher than N (not included) can be classified as bad channel quality otherwise good channel quality. Considering the DCI payload size is variable, N can be configured for each UE separately. When there is no pre-emption but a UE with bad channel quality is monitoring the UL PI, “no pre-emption” can be indicated. To be clarified that a UE without PUSCH scheduled doesn’t need to monitor the cancelation indication. 
When the connection is set up, each eMBB UE is configured with a set of resources to monitor the UL PIs and each one is associated with a time period in UL. An example is illustrated in Figure 2, and three UL PI monitoring periods are one to one mapped to three UL periods. 
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Figure 2 Indication for UEs with different channel quality
Three eMBB UEs are scheduled in a slot, two with good channel quality, one with bad channel quality and the channel quality is decided according to the AL used by the DCI which was used to schedule each one’s PUSCH. 

PI #0 is associated with UL period #0, and monitored by eMBB UE #1 and UE #2 as they are scheduled in this period, and eMBB UE #3 does not monitor this PI as it is not scheduled in UL period #0. Since no UE with bad channel quality is monitoring this PI and there is no pre-emption, the gNB just skip this PI. Both eMBB UE #1 and UE #2 will not detect a PI and continue the scheduled transmissions. 
PI #1 is associated with UL period #1, and monitored by eMBB UE #1 and UE #3. Since there will be a pre-emption, the gNB transmits the PI with T/F information of the pre-empted area. eMBB UE #1 knows that it needs to cancel the transmission, while eMBB UE #3 knows it doesn’t need to. Note that if UE #3 fails to detect the PI, it will cancel the transmission as it is a UE with bad channel quality. 
PI #2 is associated with UL period #2, and monitored by eMBB UE #1 and UE #3. There is no pre-emption but since a UE with bad channel quality is monitoring this PI, the gNB still transmits a PI by indicating “no pre-emption”. Both eMBB UE #1 and UE #3 continue the transmission with “no pre-emption” received but if UE #3 fails to detect the PI, it will cancel the transmission as explained above. 
To be clarified, for the UE-specific DCI option, the said PI can be simply replaced with rescheduling DCI, and without a rescheduling DCI detected, eMBB UEs with good channel quality continue the transmission while others with bad channel quality cancel the transmission. The said “no pre-emption” indication can be replaced by sending a rescheduling DCI with the same T/F assignment. 
According to the LLS results of PDCCH with 1 OS CORESET and SSL results of DL geometry distribution in [5], the corresponding AL distribution with 1% BLER target is given in Table 1 below. 

Table 1 AL distribution corresponding to target PDCCH BLER of 1% (DCI size = 24 bits)

	 
	AL16
	AL8
	AL4
	AL2
	AL1

	SNR range, [dB]
	-9 ~ -7
	-7 ~ -5
	-5 ~ -2
	-2 ~ 3
	> 3

	AL distribution
	0%
	0%
	1%
	6%
	93%


For this particular set of results, the cancelation indication must achieve 10-5 reliability, AL16 is needed, and the continuation indication can use AL4 with 1% BLER at -5 dB SNR. The combined indication proposed in this contribution uses AL4 but it is only transmitted when a pre-emption is to happen or there is no pre-emption but a UE with bad channel quality is monitoring this UL PI. A UE with a bad channel quality is implicitly indicated by using AL4 or higher for the eMBB scheduling. The PDCCH overhead of UL PI is related to how often pre-emptions happen and the average overheads in CCEs are compared in Table 2 for all three options. 
Table 2 PDCCH overhead [number of CCEs] for UL PI

	Pre-emption probability (P)
	5%
	15%
	25%
	Notes

	Continue Indication
	4
	4
	4
	= 4, an AL4 DCI is sent in all monitoring periods; 

<1% of scheduled resources of a UE with bad channel quality are wasted.

	Cancelation Indication
	0.8
	2.4
	4
	= 16*P, an AL16 DCI is sent when a pre-emption is to happen.

	Combined Indication
	0.238
	0.634
	1.03
	= 4*(P+(1-P)*X) , where X (<1%) is the probability of UL PI being monitored by a UE with bad channel quality, an AL4 DCI is sent when a pre-emption is to happen or there is no pre-emption but a UE with bad channel quality is monitoring this PI;
<1% of scheduled resources of a UE with bad channel quality are wasted.


Based on discussions above, we have the following observation and proposal: 
Observation 2: with the proposed Combined Indication of cancelation and continuation, 
1)
Compared with both types of indication, the PDCCH overhead can be dramatically reduced;

2)
Compared with the cancelation indication, the PDCCH blocking rate can be reduced;

3)
Compared with the continuation indication, the UE power consumption can be reduced. 
Proposal 2: for both the group common DCI option and the UE-specific DCI option, it is proposed to relax the reliability requirement by: 

A)
Adopting a joint indication of cancelation and continuation, i.e., UEs with good channel quality interpret it as cancelation indication and UEs with bad channel quality interpret it as continuation indication. 

B)
The channel quality is implicitly indicated with the AL used by the DCI scheduling the eMBB PUSCH. 
3 Conclusions
Multiple aspects of UL inter-UE multiplexing for URLLC were discussed and based on our discussion, we have the following proposals: 
Proposal 1: for the group common DCI option, it is proposed to use fixed AL for the DCI carrying the UL PI. 

Observation 1: cancelation indication requires a robust AL which may increase control signalling overhead and PDCCH blocking rate, and continuation indication requires to be transmitted in all monitoring periods which may increase control signalling overhead and UE power consumption. 
Observation 2: with the proposed Combined Indication of cancelation and continuation, 

1)
Compared with both types of indication, the PDCCH overhead can be dramatically reduced;

2)
Compared with the cancelation indication, the PDCCH blocking rate can be reduced;

3)
Compared with the continuation indication, the UE power consumption can be reduced. 
Proposal 2: for both the group common DCI option and the UE-specific DCI option, it is proposed to relax the reliability requirement by: 

A)
Adopting a joint indication of cancelation and continuation, i.e., UEs with good channel quality interpret it as cancelation indication and UEs with bad channel quality interpret it as continuation indication. 

B)
The channel quality is implicitly indicated with the AL used by the DCI scheduling the eMBB PUSCH. 
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