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1	Introduction
In RAN1#95, RAN1 was notified of an LS from RAN2 on intra-UE prioritization and multiplexing [1]. Even though the topic is in scope of RAN2 leading IIoT study item, different aspects of intra-UE traffic prioritization including pre-emption require RAN1 expertise. Potentially new physical layer solutions might be needed to support the range of scenarios. In this paper we discuss the five prioritized scenarios stated in the LS [1] and limitations existing in Release 15 specification which needs to be solved to support the intra-UE prioritization.
[bookmark: _Ref178064866]2	Discussion
2.1	Release 15 baseline
Considering latest edits in TS38.214 v.15.4.0, specification explicitly disables sending DCI to schedule transmissions overlapped in time between any two HARQ process IDs. It can be illustrated by Figure 1 and applicable for DL and UL.
[image: ]
[bookmark: _Ref864209]Figure 1: Scheduling of one UE according to Release 15.
According to Rel-15 specification, the UE is not expected to be scheduled such that next allocation of a second HARQ process starts before the end of previous allocation of a first HARQ process. Therefore, it worth to mention that “out-of-order HARQ”-like solution is a pre-requisite to many scenarios of intra-UE prioritization or pre-emption.
[bookmark: _Toc1171619]For intra-UE data-data prioritization scenarios UE should have “out-of-order” HARQ capability.
Having this in mind, in further discussion we assume that this limitation will not be valid for UEs having a certain capability in Release-16.
2.1	Scenario 1: Intra-UE DL Prioritization
In this scenario a UE receives a DCI for one PDSCH transmission and later receive a second DCI for another PDSCH transmission, while the two scheduled PDSCH transmissions overlap in time. The scenario can be further divided into two sub-cases which are illustrated in Figure 2. 
[image: ]
[bookmark: _Ref864999]Figure 2: Intra-UE DL prioritization cases
It can be seen from the figure that in Case 1 two PDSCHs do not overlap in frequency domain. In Case 2 PDSCH2 (critical data) transmission pre-empts PDSCH1 (non-critical) transmission by occupying resources that would otherwise be used for PDSCH1.
In principle UE can receive two PDSCHs overlapped in time while 3GPP specification is transparent to Case 1 vs Case 2. On the other hand, there may be UE implementation issues or other limitations/restrictions in the UE, similar to the out-of-order HARQ issue. For Rel-16, RAN1 should discuss whether it is possible for UE to receive more than one PDSCH per slot, and if possible, any time/frequency overlapping restrictions or any restrictions on how many PDSCHs overlapping in time the UE may process. It should also be discussed if this requires defining certain UE capabilities.

[bookmark: _Toc1171897]For Scenario 1, RAN1 needs to decide if and how a UE processes two overlapping PDSCH in a slot. 

Focusing on case 2 with the assumption that UE may receive both PDSCHs, it can be view as special case of inter UE downlink pre-emption specified in Release 15. The only difference is that UE is a victim and an aggressor at the same time. According to specification, the UE may be informed by PI or CBGFI about flushing a soft buffer of PDSCH1, while in intra UE pre-emption case this signalling is not required for the UE because PI may be derived from DCI.
Considering all of above Rel-15 can’t guarantee a correct UE behaviour in case of intra-UE DL prioritization, therefore, RAN1 should study scenario 1 further.
As a starting point for a discussion, the following UE behaviour may be considered:
· If UE is capable of receiving more than one PDSCH overlapped in time:
· In Case 1, no special rule is needed, since both transmissions can be handled by UE.
· In Case 2, prioritization rule is needed because UE needs to understand to which PDSCH the overlapped resource elements belong to. After resolving this, UE may derive the list of pre-empted resource elements in one of the PDSCH and flush soft-buffer accordingly.
· If UE is not capable of receiving more than one PDSCH overlapped in time, some PDSCH dropping rules should be introduced. For the gNB, it should be specified whether the overlapping resources carry PDSCH1 or PDSCH2 modulation symbols. For the UE,  the UE needs to know which PDSCH should be received while the other PDSCH is dropped, e.g. later received DCI may have higher priority or DCI may contain priority information.
· If/How the handling should account for PDSCH of different types (e.g., associated with different RNTI).

2.2	Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
For scenario 2, the main concern of RAN2 is related to the case when critical data is scheduled by configured grant (CG) while non-critical data is scheduled by dynamic grant (DG) and they both overlap in time. The scenario is shown on Fig.2. It is worthwhile to mention that it doesn’t matter whether transmissions overlap in frequency or not since UE may send only one PUSCH at a time, hence, both options on the figure will be considered as resource conflict.
[image: ][image: ]
Figure 2: Intra-UE UL prioritization between DG and CG.
According to Rel-15 specification the dynamic grant has a priority over CG which is not acceptable in this case. First of all, it needs to be clarified that this can happen when UE has broadband and critical traffic at the same time and gNB is not sure that CG PUSCH will be present because of the sporadic nature of critical traffic. In order to increase spectral efficiency, gNB may decide to schedule DG PUSCH on top of CG PUSCH, but if suddenly critical traffic appears in UE buffer, there should be a possibility to skip or stop DG PUSCH and give a priority to CG PUSCH instead.
[bookmark: _Toc1171620]In NR Rel-15 specification a dynamic grant has priority over configured grant which can be unacceptable if critical data scheduled by CG is dropped.
Thus, the identified use case is when configured grant is for high priority traffic and the dynamic grant is for low priority traffic. On the other hand, we need to keep the rel-15 rule for the same priority traffic, that is, dynamic grant overrides configured grant.  
In order to provide to MAC layer needed information for taking prioritization decisions the concept of transmission profiles [3] to signal additional information can be reused from Release 15 work. Since URLLC specific DCI is under discussion now, it is a right time to study whether intra-UE prioritization specific signalling should be added in DCI or not.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc535018998][bookmark: _Toc1171898]Study transmission profile signalling on DCI for supporting intra-UE prioritization.
2.3	Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
This scenario is basically the same as the Scenario 2, except that both critical and non-critical transmissions are scheduled by dynamic grants. In dynamic grant versus dynamic grant overlapping, two scenarios are identified and shown in Figure 4. 
· Case (a): After receiving the second DCI, UE has sufficient time to react before PUSCH1 transmission is scheduled to start. UE cancels the first PUSCH (i.e., PUSCH1) transmission. There is only one PUSCH, i.e., PUSCH 2, transmitted. 
· Case (b): After receiving the second DCI, there is no sufficient time to react. It’s too late for the UE to cancel the first PUSCH transmission. This can be treated as a special case of inter-UE pre-emption and information about pre-emption of PUSCH1 can be derived by UE internally. In this case UE should be able to stop transmission of PUSCH1 and start transmission of PUSCH2.
	[image: ]
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	(a) UE skip PUSCH1
	(b) PUSCH1 has been started but is stopped due to PUSCH2


[bookmark: _Ref865128]Figure 4: Intra-UE prioritization in UL (dynamic grant versus dynamic grant).
Since the gNB is aware of the first PUSCH transmission, it is a reasonable assumption of scheduler implementation that if a second PUSCH is scheduled to overlap with a first PUSCH, the second PUSCH is targeted for high priority UL transmission, and the second PUSCH should have a higher priority than the first PUSCH.

[bookmark: _Toc535018996][bookmark: _Toc1171899]In case of dynamic grant versus dynamic grant prioritization, UE assumes a later received UL grant has a higher priority than an earlier grant. 


Additionally, a timing limitation can be used to check whether it is possible to drop one transmission and start another one, i.e. the UE is provided with sufficient time for such operations. Reusing Rel-15 established framework, this operation should be feasible if S0 the earliest symbol of the overlapping PUSCHs is not before a symbol with CP starting  after a last symbol of the PDCCHs scheduling the PUSCHs (as specified in Section 6.4 of TS 38.214 for PUSCH processing). See Figure 1.


[bookmark: _Toc535018997][bookmark: _Toc1171900]In case of intra-UE prioritization, the UE may follow the later received grant and drop the previously scheduled PUSCH if S0 (the earliest symbol of the overlapping PUSCHs) is not before a symbol with CP starting  after the last symbol of the PDCCHs scheduling the PUSCHs (as specified in Section 6.4 of TS 38.214). Otherwise, the UE ignores the later grant as per Rel-15 operation.

In principle Scenario 2 and 3 might be studied together and the same solution can be applied to both. Considering two solutions as main candidates:
1. Prioritization of DCIs based on time of arrival;
2. Explicit/Implicit signalling of prioritization;
we slightly prefer the second because it is more flexible and can be applied in different scenarios.
[bookmark: _Toc1171901]For Scenario 3, RAN1 should study the possibility of explicit/implicit signalling for grants prioritization.

2.4	Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
For RAN1, Scenario 4 includes many sub-scenarios. There are many variations of UL control information transmission, and many combinations of resource conflict between two control channels. The discussion need to consider UCI content (e.g., HARQ-ACK, CSI, SR) as well as in what manner the UCI is scheduled to be transmitted (e.g., PUCCH formats)
From our point of view the following cases must be discussed:
· UE has URLLC data for transmission and URLLC+eMBB control information.
· UE has eMBB data for transmission and URLLC+eMBB control information
· UE has no data, but it has URLLC and eMBB control information which needs to be prioritized.
For each case above RAN1 should discuss UCI multiplexing, dropping or PUCCH pre-emption rules. 

2.5	Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
In addition to the cases identified for scenario 4, the following cases must be discussed for Scenario 5:
· UE has URLLC data for transmission and only eMBB control information.
· UE has eMBB data for transmission and only URLLC control information
In general, Scenario 4 can be discussed together with Scenario 5. Moreover, discussion on UCI enhancements is ongoing in eURLLC SI, which can include enhancements to address issues in Scenario 4 and 5. 
[bookmark: _Toc1171902]Discuss intra-UE UCI prioritization aspects (Scenario 4 and 5) in scope of UCI enhancement under eURLLC study item.

2.6	Other Scenarios
[1] also includes Scenario 6 (Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation) and Scenario 7 (Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities). Also, there may arise additional scenarios beyond those raised in [1]. While such intra-UE prioritization/multiplexing cases can be important and necessary, RAN1 needs to decide how to define the scope of the work, given the limited time budget.

[bookmark: _Toc1171903]RAN1 discuss and decide on the scope of Rel-16 investigation for intra-UE prioritization/multiplexing.

[bookmark: _Ref189046994]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For data-data prioritization scenarios UE should have “out-of-order” HARQ capability.
Observation 2	In NR Rel-15 specification a dynamic grant has priority over configured grant which can be unacceptable if critical data scheduled by CG is dropped.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For Scenario 1, RAN1 needs to decide if and how a UE processes two overlapping PDSCH in a slot.
Proposal 2	Study transmission profile signalling on DCI for supporting intra-UE prioritization.
Proposal 3	In case of dynamic grant versus dynamic grant prioritization, UE assumes a later received UL grant has a higher priority than an earlier grant.

Proposal 4	In case of intra-UE prioritization, the UE may follow the later received grant and drop the previously scheduled PUSCH if S0 (the earliest symbol of the overlapping PUSCHs) is not before a symbol with CP starting  after the last symbol of the PDCCHs scheduling the PUSCHs (as specified in Section 6.4 of TS 38.214). Otherwise, the UE ignores the later grant as per Rel-15 operation.
Proposal 5	For Scenario 3, RAN1 should study the possibility of explicit/implicit signalling for grants prioritization.
Proposal 6	Discuss intra-UE UCI prioritization aspects (Scenario 4 and 5) in scope of UCI enhancement under eURLLC study item.
Proposal 7	RAN1 discuss and decide on the scope of Rel-16 investigation for intra-UE prioritization/multiplexing.
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