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1 Introduction

On RAN #83, a WI [1] was approved for NR URLLC, and one objective is: 

· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]
· UL cancelation scheme (see section 7.2.1 in TR 38.824) 

On RAN1 #96b, two options were agreed to be down selected for UL cancelation indication [2]: 

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.   

On RAN1 #97, following agreements were achieved for UL cancelation indication [3]: 

Agreements:

· Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication
On RAN1 #98, a number of agreements were achieved to reduce the UL CI monitoring 

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, a revision of R1-1909411, we discuss designs and reliability for the group common DCI based CI, and reliability for the UE specific DCI based CI.
2 Discussion
2.1
UL CI monitoring
It should be minimized for eMBB UEs to monitor UL CI, and in principle, eMBB UEs should not be asked to monitor a UL CI if no symbol is scheduled within the possible time period covered by the UL CI. Precisely, UL PI monitoring should be able to be skipped it following cases: 
1)
When the eMBB UE is not scheduled (no DCI detected);

2)
UL transmission finishes before the start of the UL transmission if it is scheduled; 
3)
UL transmission starts after the end of the UL transmission if it is scheduled. 
The eMBB UE can decide when to monitor the UL CI with relevant configurations informed. 
Proposal 1: to reduce the UE monitoring for UL CI, it is proposed for the eMBB UEs to decide when to monitor the UL CIs with relevant configurations indicated. 
2.2
The group common DCI proposal

2.2.1
Designs
A proposal was discussed on RAN1 #97 as below: 

· For GC-PDCCH based UL cancelation indication

· The time resource to which the UL cancelation applies is explicitly indicated by UL cancelation DCI

· FFS details, e.g. granularity, SLIV like indication, or bitmap based indication

· The frequency resource to which the UL cancelation applies is explicitly indicated by UL cancelation DCI

· FFS details, e.g. granularity, type 0/1 frequency allocation based indication

Since UL CI covers a very short period in time, we agree with the above proposal in principle to indicate the time resource and the frequency resource independently. It is highly impossible to have two pre-emptions non-overlapping in time, so a bitmap based indication is less efficient than a SLIV like indication. 
Proposal 2: for the GC-PDCCH based UL cancelation indication, it is proposed for the time resource to be indicated with a SLIV like indication. 

For the frequency resource, as well known, type 0 allocation is preferred for discontinuous resource, while type 1 allocation is for continuous resource. Since the group common DCI option was selected against the UE specific DCI option, it implicitly means that it is not a rare case to have more than one pre-emption in frequency domain. When there are two or more pre-emptions, the pre-empted resource in frequency is discontinuous in most cases.  

Type 0 frequency allocation is bitmap based which is used by the DL pre-emption indication. Different from DL, narrow bandwidth with high PSD is normally preferred in UL for URLLC services especially when the UE is power limited, and due to this reason, the bitmap is expected to have a much finer granularity than that of DL PI.  It was discussed for DL PI that the bigger the granularity is, the more unnecessary buffer flushes due to “ghost” pre-emption there will be, and UL CI has similar problem but with more unnecessary cancelations. 
For UL CI with a finer granularity, it is unavoidable to have a bigger payload size, but from reliability point of view, a smaller payload size is expected. Different from DL PI, UL CI is expected to be much more reliable, as undetected CIs may fail the URLLC transmission with severe interference from eMBB transmissions which should have been canceled. 
Although there may be two or more pre-emptions in frequency in some cases, there is just one pre-emption in most cases. It can be considered to have 1-bit type indicator in the CI to differentiate two types of frequency allocation so that advantages of both types can be obtained. 
For an example with 100 RBs to be indicated by a CI of 10 bits in total, 3 options are compared below. 
	
	Granularity
	Applicable scenarios

	Type 0 only
	10 RBs
	Single or multiple pre-emptions

	Type 0 + Type 1

“0” + 9-bit Bitmap, or
“1” + 9-bit RIV
	11 or 12 RBs (11.1 in average)
	Multiple pre-emptions

	
	4 RBs (RBG size = 4)
	Single pre-emption

	Type 1 only
	3 RBs (RBG size = 3)
	Single pre-emption


As it can be observed that by changing 1 bit into a type indicator to support both type 0 and type1 frequency allocations, the granularity can be improved dramatically with all applicable scenarios covered. 
Proposal 3: for the GC-PDCCH based UL cancelation indication, it is proposed for the frequency resource to be indicated with both type 0 and type 1 based indication which are dynamically indicated by a 1-bit type indicator. 

2.2.2
Reliability

In [4], two types of indications were discussed for the group common DCI based CI, one type is to do cancellation and the other type is to do continuation. 
For cancelation, eMBB UEs cancel their transmissions according to CI, which implies no CI no cancelation. Obviously cancelation type must be very reliable as once it is lost, the eMBB transmission may corrupt the URLLC reception, but it can be transmitted only when there are pre-emption(s) to happen. 
For continuation, eMBB UEs continue their transmissions according to CI, which implies no CI no transmission. Since lost CI will not cause the eMBB transmission corrupt the URLLC reception, continuation type could be less reliable than the cancellation type, but it must be transmitted in all configured periods including those without pre-emption(s).
To sum up, the cancellation type requires a more robust AL, and higher DCI blocking rate on the gNB side; the continuation type requires the UL CIs to be transmitted in all configured periods with more signalling overhead and more UE power consumption. 

Observation 1: cancelation type requires a robust AL which may increase control signalling overhead and PDCCH blocking rate, and continuation type requires to be transmitted in all monitoring periods which may increase control signalling overhead and UE power consumption. 
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 (continue if CI is not detected) while UEs with bad channel quality take it as a continuation (cancel if CI is not detected). 

The way how the UL CI is processed is illustrated in Figure 1. A proper AL is selected 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
Only eMBB UEs with PUSCH scheduled will monitor CIs. It can be considered to use the AL of the DCI which schedules the PUSCH to implicitly indicate each UE’s channel quality, for example, higher than AL N (not included) as bad channel quality otherwise good channel quality. Considering the DCI payload size is variable, N can be configured. When there is no pre-emption but a UE with bad channel quality is monitoring the UL PI, “no pre-emption” can be indicated. 
Proposal 4: for lost CIs, it is interpreted differently by different UEs as below: 
UEs with good channel quality continue their transmissions and UEs with bad channel quality cancel their transmissions; 
The channel quality is implicitly indicated with the AL of the DCI which scheduled the 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: to reduce the UE monitoring for UL CI, it is proposed for the eMBB UEs to decide when to monitor the UL CIs with relevant configurations indicated. 
Proposal 2: for the GC-PDCCH based UL cancelation indication, it is proposed for the time resource to be indicated with a SLIV like indication. 

Proposal 3: for the GC-PDCCH based UL cancelation indication, it is proposed for the frequency resource to be indicated with both type 0 and type 1 based indication which are dynamically indicated by a 1-bit type indicator. 

Proposal 4: for lost CIs, it is interpreted differently by different UEs as below: 

UEs with good channel quality continue their transmissions and UEs with bad channel quality cancel their transmissions; 

The channel quality is implicitly indicated with the AL of the DCI which scheduled the PUSCH. 
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