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Introduction
 In RAN Plenary #80, a study item was created to investigate performance of pre-emption for UL multiplexing with different reliability requirements [1]. 

	Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
UL inter UE Tx prioritization/multiplexing 



Furthermore, the following agreements were made in RAN1#94 [2].

	[bookmark: _Toc521704558]R1-1809995	Offline discussion for UL inter UE Tx prioritization/multiplexing	vivo
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



 In this contribution, we describe the need for inter-UE pre-emption in Section 2. In Section 3, techniques to realize the inter-UE pre-emption are described. In Section 4, following the LS received from RAN2 [3], intra-UE pre-emption techniques focusing on BWP switching are described. In Section 5, the proposals made in the contribution are summarized.

Need for inter-UE UL preemption
 URLLC (Ultra reliable low latency communication) in 5G NR is envisioned to be utilized in applications where communication with high reliability is required. Such use cases can be found in applications such as communication between a high speed train conductor and train operation centre [4]. URLLC can include emergency communications which can occur unpredictably. Communication with sensors installed in infrastructures can also be considered as one of the potential use cases for URLLC.
When gNB supports both URLLC and eMBB UEs, there is a need to consider inter-UE prioritization between URLLC and eMBB transmission to reduce interference between two applications. As explained earlier, URLLC may be more spontaneous and unpredictable than eMBB, which will require a mechanism in the specification to dynamically allow URLLC transmission over eMBB transmission. Due to the spontaneous nature of envisioned URLLC communication, dynamic multiplexing through pre-empting has an advantage in spectrum efficiency over fixed scheduling approaches in which dedicated resources are reserved for URLLC transmission. 
Thus, we recommend NR to consider UL pre-emption, in which part of eMBB transmission is suspended for URLLC transmission from another UE, when handling UL multiplexing with different reliability requirements.

[bookmark: Prop1]Proposal 1: NR supports UL pre-emption when handling UL multiplexing with different reliability requirements
Details related to pre-emption
Grant-free based pre-emption
 In this section, we list several approaches for pre-emption. There are grant or grant-free based pre-emption. As illustrated in Figure 1, in the grant-free mode, pre-emption indicator (PI) in PDCCH can be used to notify eMBB UEs possible locations for URLLC transmission. The eMBB UE can blank resources indicated by the PI where URLLC transmission make take place. The resources to be blanked can be indicated dynamically using PI or semi-statically via RRC. The bitmap indicator, embedded in PDCCH, similar to the one used in DL, can be used to indicate the blanked resources.



[bookmark: _Ref506380080]Figure 1 Grant free pre-emption between eMBB and URLLC UE （Examples based on grant-based, pre-emption request to be added）



[bookmark: _Ref510788691]Figure 2　Grant based pre-emption between eMBB and URLLC UE



[bookmark: _Ref510788712]Figure 3　Pre-emption request and grant based pre-emption between eMBB and URLLC UE

Grant based pre-emption
For the grant-based pre-emption, as illustrated in Figure 2, URLLC UE sends an SR to gNB to receive a grant. The design and transmission timing of SR need careful consideration. The SR must be reliable and timing must be flexible enough to cater to urgent transmission of URLLC. For the grant-based transmission, the SR can be transmitted in PUCCH. After receiving the PUCCH, gNB can send PI to eMBB and pre-empt the eMBB resources overlapping with the URLLC PUCCH.
Alternatively, instead of a grant, the URLLC UE can send a dedicated request for PI, namely pre-emption request (PR), to the gNB, as illustrated in Figure 3. The gNB can schedule UL transmission for eMBB UE according to the received pre-emption request. While resources need to be reserved periodically for SR transmission in PUCCH, pre-emption request can be transmitted on-demand basis, allowing flexible scheduling and better spectrum efficiency compared to the current grant-based transmission. Furthermore, the on-demand based approach is more suitable for URLLC transmission since occurrence of the transmission is rather sporadic compared to eMBB. 
The content of the request can be simple so that it is easy to decode by gNB. Sequence design for the pre-emption request can be considered. For example, considering sensor-based URLLC communication, Zadoff-Chu based low PAPR sequence designs can be considered for pre-emption notification.
Given the nature of unpredictable and time-sensitive URLLC transmission, the pre-emption schedule request can be sent in or outside of PUCCH depending on urgency of the need for transmission.

[bookmark: Prop2]Proposal 2: Pre-emption request can be used to allocate blank resources during UL eMBB transmissions
[bookmark: Prop3]Proposal 3: Pre-emption request can be used instead of scheduling request

Whether repetitions of PUSCH over multiple slots in URLLC transmission can be supported or not should be discussed. In addition, whether pre-emption can be applied along with the repetitions of should be discussed. Repetitions of URLLC transmission bring benefits such as increase in SNR or robustness in the transmission in case some of PUSCH are dropped.

[bookmark: Obs1]Observation 1: Repetitions of PUSCH in URLLC over multiple slots should be discussed.

UE monitoring periodicity
 When eMBB monitors for PI, monitoring periodicity should depend on the frame format of the URLLC frame format. For example, if the URLLC frame format is non-slot, the monitoring periodicity should be at non slot level. On the other hand, if URLLC transmission is slot-based, the monitoring periodicity can be either mini-slot or slot level.

[bookmark: _Ref510803883]Table 1 Possible combinations of pre-empted slot types between eMBB and URLLC
	Case #
	eMBB
	URLLC

	1
	Slot
	Non-slot

	2
	Non-slot
	Non-slot

	3
	Slot
	Slot

	4
	Non-slot
	Slot



Possible combinations of pre-empted slot types between eMBB and URLLC are shown in Table 1. For the above four cases, pre-emption handling should be considered. For case #1, we should consider symbol-level based pre-emption. Dropping the entire eMBB slot will lead to inefficient operation and loss of valuable RS, e.g., SRS, DMRS and PTRS. Even some of PUSCH are pre-empted, channel estimation or phase noise estiation obtained from the RS should be kept for the future slots.  Based on the above analysis, we make the following proposal: 

[bookmark: Prop4_1]Proposal 4: Symbol-level pre-emption should be studied

For the symbol-level pre-emption, pre-empting procedure for RS should be discussed.

Symbol-level pre-emption and RS for UL: UE behavior
 As mentioned in the previous section, when considering pre-emption of slot/non-slot with different size, symbol-level pre-emption can be considered instead of dropping the entire victim slot/non-slot to improve the efficiency of the operation.

[bookmark: Obs2]Observation 2: Different pre-emption procedures should be considered for different length of slot/non-slot

Whether resources can be pre-empted or not should depend on the type of signals or channels. For example, considering pre-empting eMBB transmission, pre-empting DMRS and PTRS in eMBB transmission should be avoided to prevent serious performance degradation. Missing DMRS or PTRS will lead to loss of performance in channel estimation. Thus, location to be pre-empted in eMBB transmission should be located between frontload DMRS/PTRS and additional DMRS/PTRS, if additional DMRS is present.
 If there are not enough resources to be pre-empted, RS or PUCCH must be pre-empted. If RS or PUCCH for eMBB UE are dropped due to the pre-emption, the dropped PUCCH or RS should be scheduled following the URLLC transmission within the same slot or in the subsequent slot. For example, if SRS or PUCCH are pre-empted, since they tend to be located close to the end of the slot, they may need to be rescheduled in the next slot. Furthermore, RS or PUCCH types that can be pre-empted should be discussed. For example, it may be possible to pre-empt SRS, additional DMRS or PUCCH while forbidding preemption of the frontloaded DMRS. 

[bookmark: Prop4]Observation 3: Pre-empted resources in UL eMBB transmission should be located between frontloaded DMRS and additional DMRS, if additional DMRS is present to prevent dropping DMRS

[bookmark: Prop5]Observation 4: Whether RS or PUCCH can be pre-empted in UL transmission should be discussed.

Handling URLLC and eMBB PUSCH for intra UE
Intra UE grant based transmission
Following LS from RAN2 [3], we describe UE behaviour for intra-UE prioritization in this section. The following proposal was made in R1-1805629 in RAN1#92b [2].

	Proposal:
For a UE supporting URLLC, if the UE receives a dynamic grant scheduling PUSCH overlapping in time with another PUSCH scheduled by an earlier received grant, the UE follows the later received grant and the previously scheduled PUSCH is dropped



The above proposal corresponds to the scenario “Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant” in R1-1814342 [].
In the above proposal, it is suggested to follow the later grant for PUSCH transmission in case earlier and later grant correspond to eMBB and URLLC PUSCH, respectively. The intention is to prioritize URLLC PUSCH transmission in case eMBB and URLLC PUSCH overlap in time domain. 
In the above proposal, timing of receiving the second grant should be clarified. If the second grant is received before transmission of PUSCH scheduled by the earlier grant, the transmission can be canceled. On the other hand, if the second grant is received during the transmission of PUSCH scheduled by the earlier grant, the transmission of PUSCH can be stopped.
Hence, it is possible to receive the second grant before and after eMBB PUSCH transmission, whether to drop the ongoing transmission should also be considered in the proposal. Thus, the following proposal is made.

Proposal 5:
For a UE supporting URLLC, if the UE receives a dynamic grant scheduling PUSCH which postpones transmission of PUSCH scheduled by an earlier received grant, the UE follows the later received grant and the previously scheduled PUSCH is dropped or transmission of the previously scheduled PUSCH is stopped

Switching BWP between URLLC and eMBB
In NR, BWP can be switched for URLLC transmission. In this case, different numerology (i.e., wider subcarrier spacing) can be used for URLLC transmission to realize low latency transmission. Hence, separate BWP from eMBB’s BWP can be scheduled for URLLC transmission. In addition, to protect URLLC data from interferences, UE may switch BWP for URLLC transmission. The scenario treated here also corresponds “Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant” in R1-1814342 [3].

As an example, as shown in Figure 1, URLLC PUSCH transmission in different BWP is scheduled during eMBB PUSCH transmission. More detailed operations for DL and UL are illustrated in Figure 2. Based on this example, we make the following proposal.

Proposal 6: 
Study how active BWP can be switched in the middle of eMBB transmission to transmit URLLC data in a different BWP

 Regarding the above proposal, at least the following two issues need to be investigated
· Signaling mechanism (how to switch BWP in the middle of eMBB transmission)
· Treatment of eMBB in the currently active BWP
· Drop eMBB, an example of the operation is shown in Figure 2.
· Resume eMBB transmission after the end of URLLC data transmission, i.e., BWP needs to be switched back to the original BWP for this operation

[image: ]
Figure 4 Switching BWP in the middle of eMBB transmission

[image: ]
Figure 5 An example of cancellation of eMBB transmission and BWP switching

Grant free based transmission
In the grant-free based transmission, GF (grant free) resource locations can be specified by the higher layer for URLLC transmission. GF resource for URLLC transmission can be used by eMBB. However, in case of transmission of URLLC in the GF resource, URLLC is prioritized.

Conclusion 
In this contribution we make the following proposals and observations:

Observation 1: Repetitions of PUSCH in URLLC over multiple slots should be discussed.

Observation 2: Pre-emption rules should be considered for different length of slot/non-slot

Observation 3: Pre-empted resources in UL eMBB transmission should be located between frontloaded DMRS and additional DMRS, if additional DMRS is present to prevent dropping DMRS

Observation 4: Whether RS or PUCCH can be pre-empted in UL transmission should be discussed.

Proposal 1: NR supports UL pre-emption when handling UL multiplexing with different reliability requirements

Proposal 2: Pre-emption request can be used to allocate blank resources during UL eMBB transmissions

Proposal 3: Pre-emption request can be used instead of scheduling request

Proposal 4: Symbol-level pre-emption should be studied

Proposal 5: For a UE supporting URLLC, if the UE receives a dynamic grant scheduling PUSCH which postpones transmission of PUSCH scheduled by an earlier received grant, the UE follows the later received grant and the previously scheduled PUSCH is dropped or transmission of the previously scheduled PUSCH is stopped

Proposal 6: Study how active BWP can be switched in the middle of eMBB transmission to transmit URLLC data in a different BWP
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