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1. Introduction
In this contribution, we present our views on enhancements to scheduling/HARQ according to the following WID scope [1].
	· [bookmark: OLE_LINK1]Specification of enhancements to scheduling/HARQ [RAN1]
· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 



2. Discussions
2.1. DL data confliction including handling of out-of-order HARQ-ACK
The following conclusion was made for scheduling enhancements including out-of-order HARQ-ACK case at the RAN1 #97 meeting [2]. 
	 Conclusion:
Study further whether/how to support the following scenarios for the handling of two unicast PDSCHs:
1. When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.
· Note: The PDSCH-to-PUCCHs can be out-of-order or in-order.
· Note: The solution(s) should address the UE processing pipelining issue.
· Two PDSCHs follow DL processing timing capability #1 and #2, respectively, on the same serving cell.
· FFS if any different solutions are necessary to address different scenarios when the above condition occurs 
2. When the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.
· Note: There is no UE processing pipelining issue.
· Note: the in-order PDSCH-to-PUCCHs are already handled in Rel-15.
3. The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell.
· Note: The solution(s) should address the UE processing pipelining issue in this case.



In the following, we discuss whether or not to support the three cases above. For case 1, it is assumed that different DL processing capabilities such as capability #1 and #2 are configured with different PDSCHs. When processingType2Enbled and pdsch-ProcessingType2-Limited are configured in Rel-15, UE capability would be multiplexed in a given serving cell depending on the scheduled RBs. For example, when UE reports to support capability #2 and gNB schedules PDSCH of more than 136 RBs with 30 kHz SCS, UE processes the PDSCH with capability #1 and later goes back to capability #2 when gNB schedules PDSCH of less than 136 RBs with 30 kHz. In addition, it is better to consider relaxing Rel-15 limitation on the number of applicable UE capabilities for Rel-16 URLLC. This is because it brings high resource utilization when UE multiplexes eMBB and URLLC traffic at the same time by associating appropriate capability to each traffic type. For example, it is preferable that to configure capability #1 for eMBB traffic and capability #2 for URLLC traffic. To achieve this relaxation of the limitation, flexible dynamic switching between UE capabilities can be considered. We later discuss this proposal in section 2.2. Therefore, we prefer to support case 1 in this WI.
For case 2, it is assumed that same DL processing capability is configured with different PDSCHs. One possible use case is that to support various URLLC traffic types. Considering wide range of URLLC applications having different requirements in terms of reliability and latency, if only one capability, e.g. capability #2, is defined to cover the various URLLC traffic types, case 2 may happen. Thus, it would be better to support case 2 in this WI. Note that configuring capability #1 for SCS=120kHZ for both PDSCHs should not be excluded either given that FR2 is also an important case for URLLC.
Case 3 covers handling DL data conflicts within a UE for overlapping PDSCHs in at least time-domain, which is the scope of this WI. Therefore, this case also has to be supported for URLLC requirements. We further discuss case 3 in section 2.3 as intra-UE DL prioritization.
In summary, we prefer to support all the three cases with prioritizing case 1 and case 3 > case 2 considering the balance of use case and work load in WI phase.
Proposal 1:
· All the three cases should be supported for the following reasons:
· Case 1: to improve efficiency of eMBB/URLLC multiplexing intra-UE
· Case 2:to accommodate different traffic types for URLLC
· Case 3: to introduce intra-UE DL prioritization

Regarding solutions for case 1 and case 3, we prefer to support solution 4-2, which has been discussed until the last meeting. Otherwise, solution 1 would be a good candidate. For case 2, solution 2 is preferred since UE can always perform the pipelining processing for PDSCH by delaying the HARQ-ACK feedback for the earlier scheduled PDSCH. Detailed analysis of each solution can be found in our contribution for the last meeting [3].
Proposal 2:
· Support solution 4-2 for case 1 and case 3.
· Support solution 2 for case 2.

2.2. Switching between UE capability #1 and UE capability #2
In Rel-15, UE processing capability #2 is configured per CC by RRC signalling. Different CCs can have different processing capabilities. For one CC and for PDSCH, UE processes PDSCH using UE capability #2 on the carrier when the higher layer parameter, Capability2-PDSCH-Processing in pdsch-Config, is configured for the cell and set to enable as long as the scheduled RB allocation does not exceed 136 RBs for SCS=30kHz. Otherwise, UE processes PDSCH using UE processing capability #1. As such, dynamic switching between different UE capabilities for PDSCH processing depends on the scheduling condition. Similar to PDSCH configuration, UE processing capability #2 is applied for PUSCH on the carrier when the higher layer parameter, Capability2-PUSCH-Processing in pusch-Config, is configured for the cell and set to enable. However, in Rel.15, dynamic switching between different UE capabilities for PUSCH processing without relying on the scheduling conditions is not supported. 
To let UE more flexibly change its processing capability for both PDSCH and PUSCH depending on the traffic priority, we propose dynamic switching between UE processing capabilities can be related to the traffic ‘priority’. Further discussion is needed on how to derive the priority, which can be discussed together with the intra-UE multiplexing and UCI enhancements.

Proposal 3:
· Support enhancements on dynamic switching between UE processing capabilities. 
· Which processing capability to be used depends on the traffic priority.
· Discuss together with intra-UE multiplexing and UCI enhancements AIs on how to determine the priority.

2.3. Intra-UE DL prioritization

	Agreements:
In case two unicast PDSCHs for a UE are overlapping, the following scenarios are identified:
· Scenario 1-1: Overlapping in the time domain and not in the frequency domain
· Scenario 1-2: Overlapping both in the time and frequency domains
Working assumption:
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.



It was agreed to further discuss two scenarios of DL data confliction in RAN1 #96-Bis meeting [4]. The overview of the DL data confliction agreed to discuss is illustrated as Fig. 3 below. Scenario 1-1 is that the two PDSCHs are only overlapped in time-domain but not overlapped in frequency-domain while scenario 1-2 is that two PDSCHs are overlapped in both time-domain and frequency-domain.
[image: ]
(a) Scenario 1-1					(b) Scenario 1-2
Fig. 3	DL data confliction.
At least for scenario 1-2, a UE needs to prioritize one PDSCH reception for DL. For scenario 1-1, it is possible that a UE can simultaneously process multiple PDSCHs if the UE has high capability; for example, if the UE is capable of intra-band DL-CA, the UE has processing capability of simultaneously receiving multiple PDSCHs in the given band from both BB and RF point of views and therefore, it would be feasible to enable simultaneous processing in this situation. However, if the UE cannot simultaneously handle multiple PDSCHs, then same handling as for scenario 1-2 can be applied.
In the both cases presented above, there are three possible issues to be discussed. 
· Issue 1: Priority of processing PDSCHs
· Issue 2: Whether UE drops processing of not prioritized PDSCH or not
· Issue 3: Whether to indicate HARQ-ACK for not prioritized PDSCH or not
Regarding issue 1, when more than one PDSCHs are overlapped in time-domain/frequency-domain, it is needed to discuss which PDSCH is prioritized to process as explained above. As summarized in [5], two priority rules have been proposed at the RAN1 #96 meeting. One is that later scheduled PDSCH is prioritized. Another is that the priority is indicated by PHY layer such as by DCI format or by RNTI. Assuming that the network schedules only two PDSCHs overlapping in time-domain/frequency-domain, the priority of PDSCHs may be implicitly understandable based on scheduled timing of the PDSCHs since if the second PDSCH scheduled later is not urgent, gNB will not schedule it on the overlapped resources. However, priority identification is necessary for HARQ-ACK feedback in order to distinguish whether the HARQ-ACK bit belongs to eMBB or URLLC. As described in [6], more than one PUCCH for HARQ-ACK transmission within a slot and two HARQ-ACK codebooks construction is presented for WID scope of UCI enhancements for URLLC. For these enhancements, it is needed to distinguish traffic types by PHY indication such DCI field and RNTI. However, it has been discussed in the agenda but not made consensus yet. Thus, reusing the same priority PHY indication would be useful after the conclusion has made in the agenda.
Regarding issue 2, in the case UE needs to drop one PDSCH, it should be discussed how UE drops the processing of the PDSCH which is not prioritized. Two options can be considered; 1) flush UE buffer, 2) keep in UE buffer for soft-combining. If UE flush its buffer for the dropped PDSCH, UE implementation becomes simple and resource for the dropped data can be used for other purpose. However, since there is no chance to decode the dropped PDSCH, which is generally for eMBB, eMBB performance decreases. On the other hand, keeping a part of the dropped PDSCH in UE buffer may obtain better eMBB performance if UE succeeds in decoding. However, gNB is not sure about whether UE stores wrong bits in its buffer. From this analysis, we prefer to let UE flush its buffer when UE needs to drop one PDSCH.
Regarding issue 3, if not prioritized PDSCH is dropped, UE shall provide HARQ-ACK feedback associated with the PDSCH in order to maintain common understanding between NW and UE on what HARQ-ACK is reported. 
Proposal 4:
· Reuse priority identification scheme which is being discussed in UCI enhancements for URLLC.
· UE should flush its buffer for deprioritized PDSCH.
· UE shall provide HARQ-ACK feedback for all the prioritized and deprioritized PDSCHs. 
2.4. TPC accumulation in case of eMBB/URLLC multiplexing
Transmit power control (TPC) for UL should be considered in case of eMBB/URLLC multiplexing. If the TPC command is set to be accumulated, further discussion is needed on how to accumulate it for the cases given in Fig. 2.
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Fig.2 Potential TPC accumulation issue in case of eMBB/URLLC multiplexing and OOO

Following options can be considered as examples of TPC accumulation for eMBB/URLLC multiplexing:
· Option 1: PUSCH scheduling eMBB can use only accumulation for eMBB, while PUSCH scheduling URLLC can use only accumulation for URLLC in case of both non-OOO and OOO
· Option 2: PUSCH scheduling eMBB can use only accumulation for eMBB, while PUSCH scheduling URLLC can use accumulation for both eMBB and URLLC in case of both non-OOO and OOO 
· Option 3: PUSCH scheduling both eMBB and URLLC can use accumulation for both eMBB and URLLC in case of both non-OOO and OOO
With option 1, each PUSCH scheduling different traffic independently uses each dedicated accumulation. Thus, we simply need to consider different power control adjustment state for each traffic. In that case, current Rel-15 accumulation operation can be used without modifications. Besides, if a new TPC accumulation table is defined for URLLC as discussed in [5], it is possible to boost only URLLC transmission power for improving reliability compared to eMBB. However, if not defined, such an improvement cannot be achieved. With option 2, we   consider different power control adjustment state for each traffic as well as option 1 but PUSCH scheduling URLLC can use accumulation for both eMBB and URLLC. Therefore, enables UE to boost URLLC transmission power for improving its reliability without the new table because this option can accumulate its accumulation in addition to that for eMBB. Regarding option 3, eMBB and URLLC can use both accumulations. This means TPC command for different traffic is not needed to be identified. Considering the difference in requirements between eMBB and URLLC, TPC accumulation with different adjustment state is reasonable. 
The above discussion is summarized in Table. 2 below:

Table 2: Analysis of possible solutions for TPC accumulation in eMBB/URLLC multiplexing
	Design aspect
	Option 1
	Option 2
	Option 3

	Description
	eMBB accumulates only eMBB
URLLC accumulates only URLLC
	eMBB accumulates only eMBB
URLLC accumulates both eMBB and URLLC
	both eMBB and URLLC accumulate both

	Pros.
	· Simple
· Different power control can be applied to different traffic types with different requirements
	· Power adjustments for URLLC traffic can be performed faster
· Different power control can be applied to different traffic types with different requirements
· Not necessary to introduce new TPC table for URLLC traffic 
	· Power adjustments for eMBB traffic can be performed faster

	Cons.
	· Power adjustments for URLLC traffic cannot be performed faster
· New TPC table may be required for URLLC
	· a little complex compared to opt.1 
	· Faster processing of the TPC command is required for eMBB  



Based on the analysis, we prefer option 2 regardless of whether OOO happens since it can achieve power boosting faster for URLLC traffic in addition to that for eMBB without the new TPC command value table.

Proposal 5:
· TPC accumulation with different adjustment state for different traffics should be supported in case of eMBB/URLLC multiplexing regardless of whether OOO happens
· TPC command for eMBB traffic should be accumulated for both eMBB and URLLC traffic, while TPC command for URLLC traffic should be accumulated only for URLLC traffic.

3. Conclusion
In this contribution, we proposed following for enhancements to scheduling/HARQ.
Proposal 1:
· All the three cases should be supported for the following reasons:
· Case 1: to improve efficiency of eMBB/URLLC multiplexing intra-UE
· Case 2:to accommodate different traffic types for URLLC
· Case 3: to introduce intra-UE DL prioritization
Proposal 2:
· Support solution 4-2 for case 1 and case 3.
· Support solution 2 for case 2.
Proposal 3:
· Support enhancements on dynamic switching between UE processing capabilities. 
· Which processing capability to be used depends on the traffic priority.
· Discuss together with intra-UE multiplexing and UCI enhancements AIs on how to determine the priority.
Proposal 4:
· Reuse priority identification scheme which is being discussed in UCI enhancements for URLLC.
· UE should flush its buffer for deprioritized PDSCH.
· UE shall provide HARQ-ACK feedback for all the prioritized and deprioritized PDSCHs. 
Proposal 5:
· TPC accumulation with different adjustment state for different traffics should be supported in case of eMBB/URLLC multiplexing regardless of whether OOO happens
· TPC command for eMBB traffic should be accumulated for both eMBB and URLLC traffic, while TPC command for URLLC traffic should be accumulated only for URLLC traffic.
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