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1 Introduction

On RAN #80, a SI [1] was approved for NR URLLC including the following objective: 

· Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

· UL inter UE Tx prioritization/multiplexing
On RAN1 #94 meeting, following agreements were achieved for inter-UE Tx prioritization/multiplexing [2]: 

Agreements:

· RAN1 to study the potential enhancements for UL inter UE Tx prioritization/multiplexing
· Performance study of the enhanced UL inter UE Tx prioritization/multiplexing mechanisms using Re-15 mechanisms as the performance benchmark

· The use cases and scenarios adopted in L1 enhancements for URLLC are considered for the evaluation of UL inter UE Tx prioritization/multiplexing

· Other factors to be considered such as overhead, capability, etc.

· Study the UE UL cancelation mechanisms, including at least the following aspects

· The potential mechanisms may include UE UL cancelation/pausing indication, UL continuation indication, UL re-scheduling indication

· Physical channel/signal used for the UL cancelation indication 

· UE Processing timeline for the UL cancelation indication

· UE monitoring behaviours for the UL cancelation indication

· UE PDCCH monitoring capability, if the UL cancelation indication is by PDCCH

· Methods to ensure the reliability of the indication for UE UL cancelation

· Study the UL power control enhancements

· Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE
On RAN1 #94b meeting, following agreements were achieved for inter-UE Tx prioritization/multiplexing [3]: 

Agreements:

· Potential UL power control enhancements are to be studied further:

· Enhanced dynamic power boost for URLLC UE

· Dynamic change of power control parameters, e.g. P0, alpha without SRI configured

· Enhanced TPC, e.g. increased TPC range, finer granularity

· Currently, the need of URLLC UE power change during one transmission instance is not envisioned

· Study the Enhanced dynamic power boost for URLLC UE, including at least the following aspects

· Feasibility of boosting UE power in power limited or interference limited scenarios

· Physical channel/signal used for the signalling 

· UE Processing timeline for the signalling

· UE monitoring behaviours for the signalling

· UE PDCCH monitoring capability, if the signalling is by PDCCH

· Methods to ensure the reliability of the signalling

· Type of gNB receiver should be reported

· Note:

· Other power control enhancements are not precluded. 

· No change of eMBB UE power control scheme is assumed in this study.

On RAN1 #AH1901, both options above were captured in TR 38.824 for the consideration of the next URLLC WI. This contribution, a revision of R1-1901283, discussed some remaining details, such as reliability of the UL cancelation indication and impacts on eMBB UEs’ processing capability.
2 Discussion
URLLC UEs and eMBB UEs are scheduled with different time intervals, URLLC UEs transmit with a shorter interval than eMBB UEs do. A URLLC UE transmits on either pre-configured or dynamically scheduled resources. There are two corresponding options for a URLLC UE to be multiplexed with one or more eMBB UEs, one is for the URLLC UE in the case of configured grant to transmit with boosted power on resources used fully or partially by one or more eMBB UEs. The other is for the URLLC UE in the case of dynamical scheduling to transmit on resources which is pre-empted from one or more eMBB UEs with pre-emption indication (UL PI). 
2.1
Enhancements for the power control option
As discussed, the power control option has fewer impacts on the specs but it may only be used in area close to the serving cell because, first, the UE output power may be limited, and second, it may cause bursty inter-cell interference. When the UE output power is limited, it can be considered to increase the number of repetitions to enhance the reliability. Considering the channel quality and the available resources are variable, it is proposed for the gNB to dynamically select the number of repetitions. Power control and repetition can be controlled jointly. The existing power control procedure can be reused with the range extended and each TPC value represents a combined adjustment of power and repetition rather than power only in Rel-15.  
In general, a small number of repetitions can be associated with low power levels, which means a URLLC UE close to the serving cell can achieve the target reliability with power adjustment first. When the power level is high, the number of repetitions can be increased step by step to improve the reliability without increasing the inter-cell interference. After the power reaches the maximum, only the number of repetitions can be increased to further improve the reliability. 
Proposal 1: it is proposed the power control option to study the feasibility of power and repetition joint control.
2.1
Enhancements for the PI option
Even with power and repetition jointly controlled as proposed above, the power control option may only be used in a small area around the base station as the number of repetitions could be limited by the latency. The UL PI option could be more useful in a much wider area with much better efficiency.
It is expected that, first the gNB should be able to indicate the URLLC UE to start its transmission and the relevant eMBB UEs to cancel their transmissions at the same time, second PIs are only applied to those eMBB UEs whose resources are to be pre-empted (no ghost cancelation), and third PIs are only processed by those eMBB UEs whose resources may be pre-empted.
2.2.1
PI flexibility 
Considering eMBB UEs are scheduled dynamically, it may happen that an eMBB UE’s transmission overlaps with URLLC resources in some TTIs but not in other TTIs due to different frequency domain resource assignments. In TTIs with no overlapping, an eMBB UE should be able to skip monitoring PIs to save the UE power. 
For UL PI, it is not proposed to reuse the design of DL PI by using a bitmap of a reference time-frequency block. First, DL PI is used by the eMBB UEs to flush its receiving buffer which is possible to be flushed partially in frequency domain while UL PI is used by the eMBB UEs to cancel scheduled transmissions and technically it is very hard to cancel partially in frequency domain. Second, DL PI is transmitted less frequently (interval ≥ one slot) while the UL PI must be scheduled much more frequently (mini-slot interval) so a bitmap like indication is not preferred as it requires continuous monitoring (no skipping).  Last, different from DL, a URLLC UE may use a narrower bandwidth with higher PSD for UL transmission, which results in more chances to save the UE power by skipping some UL PIs. A solution is proposed below and instead of a bitmap, the target eMBB UEs can be directly addressed by a dynamically assigned ID.  
Although the number of eMBB UEs in connected mode might be big, the number of UEs scheduled in one mini-slot normally is much smaller, it is possible to use a relative index among all scheduled UEs in the mini-slot to address an eMBB UE and this relative index is much smaller than a unique ID in the whole cell like RNTI. When an eMBB UE is to be scheduled, the gNB first evaluates whether this UE’s resources may or may not be pre-empted and if the risk of pre-emption exists, the gNB indicates this UE in the UL grant a temporary ID (called cancelation ID below) which also means the eMBB UE needs to monitor UL PIs otherwise no cancelation ID needs to be assigned which implies that the eMBB UE doesn’t need to monitor UL PIs in the period of the current scheduling. The UE monitors UL PI to check if its cancelation ID is included and if it is included, it cancels its transmission otherwise it continues the transmission. A bitmap based on the assigned cancelation IDs can be included in the UL PI if a group common DCI is considered. An example is given in Figure 2.
It is believed that the UL PI payload size can be minimized with this solution which makes the gNB less challenging to assign resources for both the UL PI DCI and the URLLC UL grant DCI at the same time.  With the cancelation ID, the gNB can accurately control which eMBB UEs should execute the cancelation and avoid the ghost cancelation as in DL. Additionally the gNB has the flexibility to save an eMBB UE power by scheduling this UE on resources without being pre-empted and indicating this UE to skip monitoring UL PIs, especially when the UE is in cell edge area and transmitting in full power.
Proposal 2: it can be considered for the UL PI to be in the format of bitmap generated with dynamically assigned IDs which are relative indices of scheduled UEs who need to monitor the UL PI.
2.2.2
PI reliability
To reduce the PI payload size as discussed above is one aspect to be considered for reliability and assuming the same amount of assigned resources, the reliability can be improved by reducing the payload size. In this section, another aspect is discussed about how to relax the reliability requirement.

In [5], two types of indications were discussed, 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 and it must be more reliable than the URLLC data packet because if it is lost, the eMBB transmission may corrupt the URLLC reception, and 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. Therefore, continuation indication could be less reliable than the cancellation indication but it needs to be transmitted in all configured periods including those without pre-emption(s).
To sum up, the cancellation indication is not preferred as 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 as it requires the UL PIs to be transmitted in all configured periods with more signalling overhead and more UE power consumption. 

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 more frequently in NR Rel-16, 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 blind detection of the AL. 

Proposal 3: it is proposed to limit the number of ALs of the DCI carrying the UL PI to one. 

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 bad channel quality cancel the transmission while UEs with good channel quality continue the scheduled transmission. 

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 can receive it with reliability of 10-5 or 10-6 and UEs with bad channel quality can receive it with BLER bigger than 10-5 or 10-6 but still acceptable. If it is lost by a UE with good channel quality, interference from this UE may cause the URLLC transmission fail but it is acceptable as the probability is negligible.  If it is lost by a UE with bad channel quality, there will be no interference from this UE as it will cancel the transmission.
It can be considered to use the AL of the DCI carrying the UL Grant message to implicitly indicate the UE the 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, it can be sent by indicating “no pre-emption”.   
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Figure 1 Cancelation/Continuation 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, and an example is illustrated in Figure 2, three indication periods in DL are associated with three mini-slots in UL. 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 used AL of the DCI which was used to schedule each one’s PUSCH. 
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Figure 2 Indication for UEs with different channel quality
For PI #0, eMBB UE#1 and UE#2 will monitor this PI as both are scheduled in the associated mini-slot #0, and eMBB UE#3 will not monitor this PI as it is not scheduled in mini-slot #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 do not detect the PI and continue the scheduled transmissions. 

For PI #1, eMBB UE#1 and UE#3 will monitor this PI. Mini-slot #1 is the associated period. Since there is a pre-emption, the gNB transmits the PI with bitmap [1 0]. eMBB UE#1, which was assigned with cancelation ID #1, knows that it needs to cancel the transmission as the first bit of the payload is “1”, and eMBB UE#3, which was assigned with cancelation ID #2, knows it can continue the transmission as the second bit of the payload is “0”. Note that if UE#3 fails to detect the PI, it will cancel the transmission as it is a UE with bad channel quality. 

For PI #2, eMBB UE#1 and UE#3 will monitor this PI. 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. 
According to the LLS results of PDCCH with 1 OS CORESET and SSL results of DL geometry distribution in [6], 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 UL Grant. 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 1: with the proposed Combined Indication of cancelation and continuation, the PDCCH overhead of the UP PI can be dramatically reduced. 
Proposal 4: it is proposed to introduce pre-emption indication in the case of multiplexing of eMBB and URLLC UEs in UL and following options can be considered: 

A) A group common DCI can be considered for the UL PI
B) An eMBB UE is addressed by a cancelation ID which is dynamically assigned by the UL Grant message
C) A combined indication of cancelation and continuation can be used for the UL PI, UEs with good channel quality interpret it as cancelation indication and UEs with bad channel quality interpret it as continuation indication. 

D) 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: it is proposed for the power control option to study the feasibility of power and repetition joint control.
Proposal 2: it can be considered for the UL PI to be in the format of bitmap generated with dynamically assigned IDs which are relative indices of scheduled UEs who need to monitor the UL PI.
Proposal 3: it is proposed to limit the number of ALs of the DCI carrying the UL PI to one. 

Observation 1: with the proposed Combined Indication, the PDCCH overhead of the UP PI can be dramatically reduced. 
Proposal 4: it is proposed to introduce pre-emption indication in the case of multiplexing of eMBB and URLLC UEs in UL and following options can be considered: 

A) A group common DCI can be considered for the UL PI

B) An eMBB UE is addressed by a cancelation ID which is dynamically assigned by the UL Grant message

C) A combined indication of cancelation and continuation can be used for the UL PI, UEs with good channel quality interpret it as cancelation indication and UEs with bad channel quality interpret it as continuation indication. 

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