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[bookmark: _Ref178064866]1	Intra-UE prioritization in UL
In RAN1#95, RAN1 was notified of a LS from RAN2 on intra-UE prioritization and multiplexing [1]. Even though the topic is in scope of RAN2 leading IIoT work 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 section we consider intra-UE multiplexing and prioritization aspects for Uplink and limitations existing in Release 15 specification which needs to be solved to support the intra-UE prioritization.
1.1	Enabling Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
We expect that uplink differs from DL in the respect that time-overlap between two PUSCH is problematic even if UE is capable to send two simultaneous PUSCH. For example, if UE is power limited the two PUSCHs may consequently be sent with lower power which for URLLC can mean that reliability requirements cannot be met. Therefore, we expect that drop, puncture/pre-emption and termination rules have to be applied when two PUSCH overlap in time.
In Rel-15, MAC treat dynamic grant (DG) as having higher priority than configured grant (CG). If URLLC is scheduled using CG and non-critical data is scheduled using DG this rule is not acceptable. As already mentioned we do not expect that a Rel-16 UE to be capable of sending two PUSCH simultaneously, therefore both options with time-overlap between CG PUSCH and DG PUSCH as illustrated in Figure 1lead to resource conflict. 
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[bookmark: _Ref5125147]Figure 1: Intra-UE UL prioritization between DG and CG.
Since Rel-15 specification states that dynamic grant has priority over CG which is not acceptable in this case if CG contains URLLC and DG contains non-critical data. First of all, it needs to be clarified that this can happen when UE has non-critical 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: _Toc16708671]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. Furthermore, a static rule (e.g. RRC configured parameter) that configured grant has higher/low priority than a dynamic grant may not be sufficient since dynamic grant may sometimes be intended for critical data and sometimes not. 

[bookmark: _Toc16708672]Semi-static configuration of configured grant priority as compared to dynamic grant can be an un-acceptable limitation for URLLC  

In Rel-15 a re-transmission of a configured grant transmission is dynamically scheduled using CS-RNTI. In our opinion a dynamic grant scheduled with CS-RNTI should have higher priority than a CG for the same CS-RNTI. 

[bookmark: _Toc16708673]If Rel-16 supports semi-static configuration that configured grant has higher priority than dynamic grant, then such priority rule should only hold for grants addressed with different RNTIs.  

As we already observed, a semi-static configuration of priority between CG and DG may be a too limiting solution. In a mixed-services environment there may be different service requirements for URLLC services. Some URLLC service, say URLLC1, may have stricter latency requirements than other URLLC services, say URLLC2, although they have same reliability requirements. The ones with stricter latency requirements may need to be scheduled using configured grant while the URLLC services with less strict latency requirement it may be desirable to use SR-based scheduling. Additionally, there may be non-critical traffic. If configured grant is semi-statically configured with a higher priority than dynamic grant, then gNB cannot upon reception of SR or BSR that there is data for URLLC2 send a dynamic grant (large enough to fit both URLLC1 and URLLC2 that indicate a PUSCH that overlaps the PUSCH for the configured grant. However, with a dynamic priority indicator this is possible as illustrated in Figure 2. Therefore, for efficiency reasons we think that a dynamic indication of priority is to be preferred, e.g. “Transmission priority indicator” in new DCI format as proposed in our companion paper [2]. 
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[bookmark: _Ref4740527]Figure 2: Illustration of benefit of dynamic priority indicator with a mix of non-critical data and two URLLC services scheduled respectively by dynamic and configured grant. 

[bookmark: _Toc16902588]Rel-16 supports dynamic indication of PUSCH transmission priority 

1.2	Enabling Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants


Prioritization between conflicting dynamically scheduled PUSCH is basically the same problem as in the previous section except that both PUSCH are scheduled with dynamic grants. In dynamic-versus-dynamic grant overlapping, two scenarios are identified and shown in Figure 3. 
· 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.
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	(a) UE skip PUSCH1
	(b) PUSCH1 has been started but is stopped due to PUSCH2


[bookmark: _Ref865128]Figure 3: 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: _Toc16708674][bookmark: _Hlk5031147]In case of dynamic grant versus dynamic grant prioritization, a reasonable assumption is that a later received UL grant has a higher priority than an earlier grant. 

In principle dynamic-versus-configured grant and dynamic-versus-dynamic grant conflicts 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.  Therefore, in view of the previous section and the above observation we propose: 

[bookmark: _Toc16902589][bookmark: _Hlk5031493]Rel-16 supports dynamic indication of priority wherein a later received grant is prioritized over an earlier grant if the grants are indicated the same priority.  

1.3 	Enabling Intra-UE UL Prioritization – Resource Conflict between Configured Grants 
There can be similar conflict between two configured grants as there was in the previous section between dynamic grants. As an example, a conflict has been shown in Figure 4 between two configured grant transmissions (denoted as CG1, and CG”) that have different periodicities (P1, and P2 respectively).
[image: ]
[bookmark: _Ref5030136]Figure 4: conflict between two configuration having different periodicities 
To resolve the issue, we define the priority between these two transmissions. It can be inferred as which traffic, e.g., PUSCH has prevalence in case different traffic has same or partial overlapped resource. The priority can be assessed from, e.g.,
· some priority indicator in some control signaling, e.g., DCI or RRC
· from the indicated reliability of the stream (e.g., MCSs, repK, RVs)
· mapping of CG from multiple CGs, e.g., traffic belonging to CG1 has higher priority than CG2 
One or a combination of criteria can be used to determine which CG process to prioritize vs deprioritize for the purpose of resource conflict resolution. Both UE and gNB are aware which UL CG process is prioritized to resolve the resource conflict, without blind detection by gNB.
[bookmark: _Toc16708675] In case of configured grant versus configured grant prioritization, a combination of reliability parameters (e.g., MCSs, repK, RV), time-of arrival or length of transmission can be used to prioritize one grant over another one if the grants are indicated the same priority. 

1.4	Priority indication and number of levels
In previous sections we observed that dynamic priority indicator is beneficial for prioritization and resolving resource conflicts. For UL, grant selection and prioritization reside in MAC for Rel-15. We believe that many UL conflict cases can be handled by MAC alone with PHY-assisted priority signalling. In MAC, prioritization between LCHs (Logical Channels) depends on LCH priority, wherein a high-priority LCH is “served” before a lower-priority LCH. Thus, MAC has already an established priority ordering between LCHs. Therefore, we think it is reasonable to assume that a grant indicating a high priority on PHY level has the intended use case to serve an LCH with also high LCH priority. 

[bookmark: _Toc16708676]It is reasonable to assume that a PHY indicated high-priority grant has the intention to serve an LCH with high LCH priority.

However, we do not expect there is a need to have the same number of PHY priority levels as the number of LCHs. It is our belief that even the number of LCH groups (8 for Rel-15) may be more than enough but having only two priority levels may not be enough. There can be a rather wide range of URLLC traffic streams where some are more critical than other. Some URLLC traffic streams could potentially even be pre-empted without violating the latency and reliability requirements, while still having reliability requirements far higher than non-critical traffic. For spectral efficiency reasons there may be a need to additionally indicate how reliable a grant is and prevent LCHs from using a grant that is not sufficiently reliable. The reliability of a grant is more than what MCS value or MCS table is used since it depends on the decision the scheduler did. The scheduler should be able to select scheduling principle, e.g. target number of max transmissions, not only based on the latency budget. For example, if latency budget allows up to 2 transmissions the scheduler should be able to choose either to serve the traffic using single transmission or use spectral efficient first transmission that can be “saved” by a potential re-transmission. Furthermore, the UE cannot know what target BLER the scheduler aimed for just based on MCS value or MCS table. Even though a low MCS value is used, the expected BLER may be relatively high. 

[bookmark: _Toc16708677] If PHY indicated priority can be used to determine which LCHs should be mapped on the grant, then spectral efficiency may be improved. 

Based on the above observations and discussion in this and previous sections we propose:

[bookmark: _Toc16902590]Rel-16 supports 1-2 bits dynamic indication of priority for DL and UL.


Conclusion
In the previous sections we made the following observations: 
Observation 1	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.
Observation 2	Semi-static configuration of configured grant priority as compared to dynamic grant can be an un-acceptable limitation for URLLC
Observation 3	If Rel-16 supports semi-static configuration that configured grant has higher priority than dynamic grant, then such priority rule should only hold for grants addressed with different RNTIs.
Observation 4	In case of dynamic grant versus dynamic grant prioritization, a reasonable assumption is that a later received UL grant has a higher priority than an earlier grant.
Observation 5	In case of configured grant versus configured grant prioritization, a combination of reliability parameters (e.g., MCSs, repK, RV), time-of arrival or length of transmission can be used to prioritize one grant over another one if the grants are indicated the same priority.
Observation 6	It is reasonable to assume that a PHY indicated high-priority grant has the intention to serve an LCH with high LCH priority.
Observation 7	If PHY indicated priority can be used to determine which LCHs should be mapped on the grant, then spectral efficiency may be improved.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Rel-16 supports dynamic indication of PUSCH transmission priority
Proposal 2	Rel-16 supports dynamic indication of priority wherein a later received grant is prioritized over an earlier grant if the grants are indicated the same priority.
Proposal 3	Rel-16 supports 1-2 bits dynamic indication of priority for DL and UL.
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