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1. Introduction
In RAN1#94bis, followings are agreed relevant to UL inter-UE tx prioritization for URLLC [1]:
	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.



In this contribution, we provide a method of uplink collision handling between eMBB and URLLC transmission of different UE. This contribution is revised from R1-1810295.

2. Inter-UE resource sharing for uplink data multiplexing
In last meeting, potential UL power control enhancement was agreed to be studied. Considering what has been discussed so far, we can consider following for inter-UE resource sharing: 
(1) UL power control for URLLC UE: as discussed, it can be considered to boost UL transmit power of URLLC UE. Since this approach would change UE behavior of release 16 UE only, it can work even with release 15 UE. Meanwhile, this may not be applicable for UEs with power limited case (e.g., cell edge UE) and it is necessary to study how to handle inter-cell interference. More specifically, depending on whether power is always boosted in case of URLLC UL or dynamically adjusted when URLLC and eMBB UL are multiplexed may have different impact in terms of specification and inter-cell interference.
(2) Cancel or reschedule previously scheduled UL resource: In this approach, some UEs need to change a part or whole of pre-scheduled UL resource by explicit indication. With this method, it is possible for gNB to give higher priority to urgent transmission by the indication. Uplink resources can include PUCCH resources for periodic CSI, PUSCH for SP-CSI, SRS, HARQ-ACK, PRACH and UL-SCH. It is applicable regardless of UE power headroom. However, since release 15 UE may not support such UE behavior, it is also hard to say this scheme is always applicable. 
In terms of processing time requirement, both options seems comparable as both requires some changes in power and/or resources. One thing different is the target of change. One approach needs to change transmit power of UE served with urgent traffic, the other need to adopt new UE behavior to victim UE. In this point of view, it seems more applicable to change urgent UE only. However, it should be also considered that if a scenario where a UE is serviced for both eMBB and URLLC (i.e., serviced with multiple different QoS levels), it is likely that most UEs in the network are also serviced for both scenarios. In other words, when designing explicit indication, we can also consider advanced features such as short monitoring periodicity. 
Besides, boosting transmit power is not possible in power limited case for a UE either in cell edge or in CA. On the other hand, explicit indication can be used for UEs supporting this feature. Moreover, two schemes may not be contradicting each other. Supporting both techniques may allow the network more flexible management of resources where it may increase URLLC UL power in case preemption cannot be performed and it may perform preemption whenever possible. By this way, reliability can be maintained without causing considerable negative impact on inter-cell interference. According to specification of Rel. 15, a UE can be configured with two power control loops which can be indicated by SRI field if present, and thus dynamic UL power boosting is supported in some extent, however, this is not always feasible. So, it would be necessary to investigate how to support dynamic UL power boosting especially for configured grant based URLLC. 
Meanwhile, to support explicit indication for inter-UE multiplexing, we can consider different options from signaling perspective. 
· UE-specific signaling: for each UE, dedicated indication of ‘reserved/punctured’ resource can be considered. With compact dedicated signal, this approach can be effective when the affected number of UEs is small. Another approach is to use UL grant to re-assign or re-schedule (re-)transmission resource and to cancel previous resource at the same time by single indication. For example, if a UE has received another UL grant with overlapping resource to the previously scheduled UL transmission which has not been transmitted, it can be considered as a rescheduling DCI. This approach may not work to cancel non-dynamically indicated resources such as configured grant, SP-CSI, PUCCH, PRACH, etc. Nonetheless, as this is not the currently assumed UE behavior where the UE overrides previously scheduled UL transmission, further clarification on UE behavior if this option is used is needed. 
· Group-common signaling: another approach is to adopt group common signaling to indicate ‘reserved/punctured’ resources. For this, dynamic SFI could be considered. To be effectively cancel pre-scheduled UL transmission in consideration of UL transmission processing time, it is necessary to indicate SFI very flexibly and potentially very often. Furthermore, monitoring periodicity on SFI may need to be also reduced. Thus, some enhancements in current dynamic SFI indication via group common PDCCH is necessary. Another alternative is to signal similarly to the downlink preemption and is to ‘combine’ feature to existing downlink preemption indication. It is considerable to combine signaling to one channel, however, information needs to be separately indicated for DL and UL preemption respectively. 
Between UE-specific and group-common signaling, the spectral efficiency may depend on the number of affected UEs. If control capability is sufficient, UE-specific mechanism can be more beneficial as one UL grant can cancel and reschedule at the same time. However, as URLLC UL transmission needs to be also scheduled with potentially high AL, it is not likely that there is sufficient control resource. From those point of view, group-common DCI can be more suitable rather than UE-specific DCI in order to support URLLC. 
Proposal 1: For UL inter-UE multiplexing for URLLC,
· A group common signaling can be considered to indicate a set of resources which are re-allocated to other purpose and thus not available (i.e., reserved/punctured) to the recipients. 
· Upon receiving the group common signaling, a UE ‘cancel’ UL transmissions overlapping with the indicated reserved resource. 

3. Consideration of preempting resource elements for DMRS
If group-common indication informs a UE of reserved resource for multiplexing, the UE behavior on the reserved resources should be clarified. It is simple to drop ‘entire’ UL transmission in a slot if it’s partially or fully overlapping with indicated resources. However this can be very inefficient particularly if reserved resource spans only one or two OFDM symbols. Alternatively, if phase continuity can be maintained, we can consider to allow discontinuous transmission in time domain where discontinuity should not exceed the number of OFDM symbols to keep the phase continuity. At least when puncturing occurs in the last part of resource, shorter transmission with puncturing in the last few OFDM symbols can be considered. This approach may be possible for PUCCH/PUSCH whereas SRS and PRACH should be entirely dropped. When this approach is used for PUCCH/PUSCH, further consideration on DM-RS handling is necessary. To preserve DMRS resource elements, following options can be considered:
· Option 1: A victim UE assumes that DMRS would not be preempted regardless of puncturing indication. A victim UE transmits DM-RS as scheduled unless the entire transmission is dropped.  
· Option 2: When PI indicates that DMRS symbol/RE is preempted, victim UE drop whole transmission associated with that DMRS. 
As Option 1 limits scheduling flexibility for URLLC, we can simply consider Option 2 if PUCCH/PUSCH can be partially transmitted. 
Proposal 2: Upon receiving a puncturing indication on a resource, 
· For PRACH/SRS
· Drop entire transmission
· For PUCCH/PUSCH
· Further consider dropping overlapping OFDM symbols only as long as puncturing is not overlapping with DM-RS. If puncturing overlaps with DM-RS resource, drop the entire transmission. 
Lastly, in terms of reference resource, it is difficult to align same UL BWPs among sharing the same group common channel. This can be done by network configuration, however, it will restrict considerably on UL BWP configuration or grouping UEs to the same group. In this sense, we propose to also consider adopting ‘frequency domain’ resource indication for reference resource. In terms of time resource, puncturing indication can refer the resources from the next OFDM symbol of end of PDCCH carrying group common to the OFDM symbol of next PDCCH carrying a group common. Considering processing time on group common and UE processing time to adjust power, additional delay can be also considered such that reference time is X symbols in a slot where a group common PDCCH is transmitted to X-1 symbols in a slot where the next group common PDCCH is transmitted.
Proposal 3: The reference frequency location of UL PI is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 

4. Consideration of using UE-specific signalling for inter-UE mux.
As statement above, it is possible to use UE-specific signalling for changing pre-scheduled resource. By adopting different UE behavior or DCI interpretation on existing DCI format, it can achieve UL multiplexing without designing new DCI or channel for indication. Thus we can consider this approach to minimize specification effort. To re-use existing DCI, e.g., UL grant, following options can be considered:
· Option 1. Cancelling previous UL scheduling by ‘rescheduling’: When UE received UL grant indicating same TB or same HARQ process before transmission of the pre-scheduled TB, UE drops pre-scheduled transmission and follow newly received grant. 
· Option 2. Cancelling overlapping resource with UL grant: When UE received a UL grant which will be used for transmitting PUSCH, if the indicated resource overlaps with the pre-scheduled or pre-configured resource of a channel (e.g., PUSCH, PUCCH, SRS) at least in time-domain, UE drops the overlapping pre-scheduled/pre-configured channel(s). 
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(a) An example of Option 1
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(b) An example of Option 2
Figure 1. Examples of proposed options for UL multiplexing
Option 1 is useful to mitigate DCI overhead. In this approach, both canceling transmission and allocating alternative resource are achieved by single DCI transmission. Considering that cancelled transmission would need to be recovered by allocating new resource, it has a benefit. However, in this case UE doesn’t know impacted resource and if PUCCH or other non-PUSCH UL transmission is overlapped with urgent UL transmission, this approach won’t work properly. On the other hand, Option 2 can cancel non-dynamically scheduled UL transmission as well. In addition, since Option 2 has no restriction of HARQ process, it may have more flexibility to allocate new resource. If we have the restriction of HARQ process to cancel pre-scheduled resource, newly allocated resource should be suitable for that TB. On the other hand, Option 2 may not be possible depending on punctured resource. For example, if there is a need to cancel UL transmission from OFDM symbol 1-14, it is not possible to indicate partially overlapping (in time) resource allocation to the punctured resource. 
Considering those two options are not exclusive each other, we can consider to adopt both. If we need to choose one of them due to complexity or other feature like PDCCH repetition, we prefer option 2.

5. Consideration on the use case of uplink data multiplexing
In last meeting, some representative use cases were specified for URLLC evaluation. We can see some characteristics of uplink traffics from those. Firstly, we need to consider periodic property of the traffic. For periodic traffic, configured grant is highly appreciated. By allocating periodic resource in advance, it is possible to minimize a delay from dynamic resource allocation. In this case, the periodicity of configured resource is based on the periodicity of traffic. On the other hand, we can also utilize configured grant for minimizing latency of non-periodic traffic. For this, we should allocate a periodic resource having periodicity of its latency requirement without regarding its arrival rate. 
Aperiodic property means that it comes from unexpected event such as fault, service failure/outage or accident. These event-driven traffic requires bit higher reliability and short latency than normal traffic, but these undesirable case wouldn’t occur frequently in normal system. Moreover, at least latency requirements may not be so stringent compared to extremely low latency traffic (e.g., 0.5msec or 1 msec). If configured grant is used to support such aperiodic/infrequent event-triggered traffic, resource utilization can be low and thus overall the overhead seems too high particularly very short periodicity of configured grant resources need to be configured to meet the latency requirement of such traffic.
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Power distribution
(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)

Note: 2-3 ms air interface latency 
	DL & UL:
100 bytes 

ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 


Table 1. Agreed representative use cases having aperiodic traffic
For aperiodic case from Table 1, which has been agreed in last meeting, the target latency is few milliseconds, not as low as extreme URLLC cases such as motion control for factory automation. But it is still hard to achieve comparing to normal eMBB traffic. It seems redundant to allocate a resource achieving 10-6 BLER every 2ms for occasional packet arrival.
From those point of view, dynamic resource scheduling could be more suitable than using configured resource for some use cases of URLLC. Specifically, in case of infrequent event-driven traffic, e.g., power grid fault and outage management, it would have a benefit in term of resource efficiency.
Observation: To support various scenarios of URLLC use cases, both configured grant and grant-based uplink scheduling are needed.

6. Latency impact by uplink data multiplexing 
It is expected that the best performance may be achieved by avoiding multiplexing case by network scheduling without any latency impact if possible. However, it may or may not be possible to avoid multiplexing case all the time by scheduling considering different processing time and different K2 delay in dense network environment. Furthermore, as most NR spectrum are TDD where in general downlink portion is larger than uplink portion, depending on configuration of DL/UL, the available uplink resource can be quite limited. In particular, for URLLC traffic, delaying scheduling due to collision with already scheduled uplink data or downlink may increase the latency significantly. Thus, mechanisms to allow preemption in such case are necessary. For collision case between DL and URLLC UL, the network can switch resource direction. For collision between scheduled PUSCH and URLLC UL, techniques mentioned in Section 2 can be considered. 
Next, we analyze the potential benefit of preemption technique. We compare latency between no preemption and preemption case. 
When we consider grant-based UL transmission without collision, average UL latency can be derived as following equation with some assumption:

·  is the time interval between traffic arrival and SR occasion.
·  is PUCCH duration of SR
·  is waiting time from SR transmission to reception of UL grant, composed with SR processing time and PDCCH waiting time for UL grant
·  is the time interval between the PUSCH is received and the data is decoded at gNB side

 can be easily calculated as half of symbol when gNB assigns a number of SR resource with 1 symbol periodicity for urgent traffic. The most important part for UL multiplexing is after SR reception at gNB side. From SR reception, gNB can consider urgent transmission and deprioritize other latency tolerant transmission. When gNB sends dynamic preemption indication (PI) in order to cancel/adjust on-going transmission, minimum  of preempting UE (pUE) is limited to  of victim UE (vUE), where  is time gap between urgent traffic recognition of gNB and PI transmission,  is processing time of PI and  is the timing advance of vUE. If the preemption is not applicable due to limited time, pUE transmission start from next available resource same as baseline. As a result, the UL latency with UL multiplexing can be derived as following equation where  is the time gap between SR transmission of pUE and the start of next available resource when there is n consecutive slot without available resource.


For the baseline performance in case of collision, since there is no available resource other than pre-allocated resources, K2 of pUE need to be extended until next available resource. Figure 2 shows an example flows of  and  when n equals to 1.

When we consider a probability of resource availability for each slot, , average latency considering collision can be derived and simplified as following for each case:



[image: ]Figure 2. Flow of UL multiplexing with a dynamic indication
To get exact value of average achievable latency, we uses assumptions in Appendix
With above assumption and consideration, when maximally two consecutive slot having no available resource, the results of analysis on achievable latency are given in Table 3 and Table 4
	 Numerology
	15kHz
	30kHz
	60kHz

	Pavail=0.1
	Baseline
	5.2797
	ms
	2.7373
	ms
	1.5325
	ms

	
	Multiplexing
	1.3288
	ms
	0.7630
	ms
	0.5571
	ms

	Pavail=0.3
	Baseline
	2.1774
	ms
	1.1869
	ms
	0.7586
	ms

	
	Multiplexing
	1.2333
	ms
	0.7167
	ms
	0.5420
	ms

	Pavail=0.5
	Baseline
	1.5179
	ms
	0.8571
	ms
	0.5937
	ms

	
	Multiplexing
	1.1579
	ms
	0.6789
	ms
	0.5223
	ms

	Pavail=0.7
	Baseline
	1.2393
	ms
	0.7179
	ms
	0.5241
	ms

	
	Multiplexing
	1.1001
	ms
	0.6495
	ms
	0.5027
	ms


Table 3. Achievable latency with assumptions

	Number of non-available slots N
	Scheme
	Maximum
	Average

	N = 1
	Baseline
	1.9643
	ms
	1.5000
	ms

	
	Multiplexing
	1.4643
	ms
	1.2143
	ms

	N = 2
	Baseline
	2.9643
	ms
	2.0000
	ms

	
	Multiplexing
	1.8929
	ms
	1.3214
	ms

	N = 3
	Baseline
	3.9643
	ms
	2.5000
	ms

	
	Multiplexing
	1.8929
	ms
	1.3571
	ms


Table 4. Examples of latency in 15 kHz 
From those analysis, some aspects can be observed. Firstly, UL multiplexing is effective for reducing latency when collision probability is high in UL resources. Secondly, it still has benefit though vUE has 14 symbol PDCCH monitoring periodicity. It means it would bring larger latency reduction when finer monitoring occasion is configured for vUE. In addition, From Table 4, we can found that UL multiplexing could have lower maximum latency. It may be beneficial to support a use case having hard-bounded target latency. From those point of view, UL multiplexing with dynamic signalling can be supported to reduce maximum latency in dense network.
Observation: UL multiplexing with dynamic indication is useful to reduce latency when uplink resources are scarce. 
Observation: UL multiplexing with dynamic indication has a benefit even when larger monitoring periodicity is configured.
Proposal 4: UL multiplexing with dynamic indication should be studied to ensure adequate latency in dense network.
7. Consideration of grant-free PUSCH
PUSCH transmission triggered by configured grant has several uniqueness compared to PUSCH by dynamic grant. Firstly, there is no way for the gNB to know in advance the UE transmissions on the configured PUSCH. Secondly, configured grant is treated as measurement resource in perspective of slot format. 
To minimize specification burden, we can reconsider mechanisms which are discussed in above. When a UE transmits URLLC UL via configured uplink resource, the discussed preemption mechanism may not be effective as the network may not know the transmission in advance. It is thus generally assumed that grant-free UL resources are dedicated or efficient multiplexing via MU-MIMO/superposition is used based on the network configuration.
Proposal 5: For grant-free UL transmission, it is necessary to investigate how to apply UL multiplexing mechanisms being discussed for grant-based UL transmission.

8. Conclusion
In this contribution, we discuss on method for sharing uplink resource between transmissions having different requirements. Our proposals are as follows:
Proposal 1: For UL inter-UE multiplexing for URLLC,
· A group common signaling can be considered to indicate a set of resources which are re-allocated to other purpose and thus not available (i.e., reserved/punctured) to the recipients. 
· Upon receiving the group common signaling, a UE ‘cancel’ UL transmissions overlapping with the indicated reserved resource. 
Proposal 2: Upon receiving a puncturing indication on a resource, 
· For PRACH/SRS
· Drop entire transmission
· For PUCCH/PUSCH
· Further consider dropping overlapping OFDM symbols only as long as puncturing is not overlapping with DM-RS. If puncturing overlaps with DM-RS resource, drop the entire transmission. 
Proposal 3: The reference frequency location of UL PI is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 
Observation: To support various scenarios of URLLC use cases, both configured grant and grant-based uplink scheduling are needed.
Observation: UL multiplexing with dynamic indication is useful to reduce latency when uplink resources are scarce. 
Observation: UL multiplexing with dynamic indication has a benefit even when larger monitoring periodicity is configured.
Proposal 4: UL multiplexing with dynamic indication should be studied to ensure adequate latency in dense network.
Proposal 5: For grant-free UL transmission, it is necessary to investigate how to apply UL multiplexing mechanisms being discussed for grant-based UL transmission.
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RAN1 chairman’s notes, RAN1#94bis

Appendix. Analysis assumption
· SR periodicity is 1 symbol 
· PUSCH duration of pVE for a TB is 2 symbol
· PUSCH duration of vUE for a TB is 14 symbol
· PI monitoring periodicity is 14 symbol
· PDCCH monitoring periodicity of pUE is 2 symbol
· PDCCH duration for both UE is 2symbol. 
· Minimum K2 delay of pUE is  of capability 2
·  is composed with SR processing time and PDCCH waiting time of pUE for UL grant
·  is composed with SR processing time at gNB and waiting PDCCH of vUE. 
·  is assumed as  of capability 2. However, considering omission of PUSCH encoding, it is possible to reduce.
·  is a half of BS processing time of PUSCH
· SR processing time is a half of BS processing time of PUSCH considering omission of PUSCH decoding
· For analysis, it is assumed that BS processing time for PUSCH is equal to UE processing time for PDSCH,  of capability 2
·  is variable. 
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