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This contribution addresses the following issues related to Scheduling/HARQ enhancements:
· Capability signaling for PDSCH processing;
· Indication of processing time and priority for PDSCH;
· PUSCH power control;
· TPC adjustments with out-of-order scheduling.
Out-of-order downlink operation
RAN1 has extensively discussed downlink out-of-order in email discussion [98-NR-15] [1] and subsequently during RAN1#98bis [2]. The email discussion report [1] contains proposals for introducing multiple additional capabilities for PDSCH processing in support of eURLLC. Two of the proposed new capabilities involve the possibility of mixing R15 processing capabilities 1 and 2 on the same carrier. The first proposed capability (“A”) enables parallel processing of eMBB and URLLC traffic efficiently by allowing pooling of UE baseband resources of different capabilities to different carriers.
Proposal 1: A UE with capability “A” can report a maximum number of PDSCHs that can be processed in parallel for each type of processing capability (capability 1 or capability 2).
Proposal 2: A UE with capability “A” can be configured to enable parallel PDSCH processing on a serving cell, where one PDSCH follows capability 1 and a second PDSCH follows capability 2.
A second capability (“B”) is proposed to support less capable UEs that cannot process more than one PDSCH in parallel on the same carrier, but that can interrupt the processing of a PDSCH of capability 1 when a PDSCH of capability 2 needs to be prioritized. Such UE can report the maximum number of carriers for which this behavior is possible.
Proposal 3: A UE with capability “B” can report a maximum number of carriers for which the UE always processes the PDSCH associated with processing capability #2 and processes the PDSCH associated with the processing capability #1 under some scheduling conditions.
If mixing of timeline processing capabilities on a carrier is supported (and applied) on a carrier, a natural question is how the UE determines the processing capability applicable to a PDSCH. It is very useful if the PDCCH candidates corresponding to each processing capability are unambiguously identifiable before decoding DCI. In practice this requires that PDCCH candidates are separated by CORESET (resource) and/or DCI size. To maximize network flexibility, it would be desirable that either alternative (CORESET or DCI size) is possible. This could be achieved by configuring separate search spaces for each processing capability and letting the network ensure that the configuration is such that there is no PDCCH candidate for same DCI size that is common between the search spaces.
Proposal 4: RRC configures separate search space sets corresponding to each PDSCH processing capability configured on the same carrier.
Proposal 5: UE does not expect that a PDCCH candidate in a search space set corresponding to a first configured PDSCH processing capability uses a same set of CCEs for the same DCI size as a PDCCH candidate in a search space set corresponding to a second configured PDSCH processing capability.
The above solution could be applicable for both UE with capability “A” and UE with capability “B”.
Collision between unicast PDSCHs
The UE needs to determine a priority for PDSCH in case of overlap between two PDSCHs in both time- and frequency-domain, and potentially also in case of overlap in time-domain only. The simplest solution for this is to indicate the priority explicitly by DCI. In this case, it would be natural to overload the priority indication for HARQ-ACK since there is very high correlation between the two in most practical cases. One possible optimization that would allow for independent prioritization between PDSCH and its corresponding HARQ-ACK is to derive the priority of PDSCH based on the timing of the scheduling DCIs. However, such solution potentially entails more complexity for the UE especially for implementations based on separate processing units. Thus, it should be applied only in case the UE reports a capability.
Proposal 6: In case of overlap between PDSCHs, the UE determines the priority of a PDSCH based on HARQ-ACK priority indication from associated DCI, unless the UE reports a capability to derive PDSCH priority based on DCI timing.
Uplink aspects
PUSCH out-of-order operation
The discussions of recent RAN1 meetings focused on PDSCH. For out-of-order PUSCH operation, considerations related to PUSCH preparation time capabilities should apply in the same way as PDSCH processing time for out-of-order PDSCH operation. Accordingly, one can envision a similar framework for additional UE capabilities. Such framework can be defined after corresponding aspects are agreed for PDSCH.
PUSCH power control
In RAN1#97, RAN1 agreed that all parameters in PUCCH configuration related to HARQ-ACK feedback, including pucch-PowerControl, can be separately configured for different HARQ-ACK codebooks. It was further agreed in RAN1#98 that the identification of the HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling. With these agreements, the network can configure power control parameters for PUCCH that allow meeting different reliability requirements between eMBB and URLLC depending on the indicated priority.
For dynamically-scheduled PUSCH, RAN1 agreed in RAN1#98bis to introduce 1 bit to indicate an open loop power control parameters set. The primary purpose of this feature is to enable power boosting of URLLC transmissions when the network anticipates interference, or for the last opportunity to successfully receive a transmission. In principle, the network can also configure the power boosting feature to enable adapting power control parameters as a function of the priority of a transmission for a UE that supports both eMBB and URLLC traffic. However, there are some drawbacks:
1) In case transmission power needs to be adapted for power boosting purpose and the UE also supports both types of traffic, this solution does not allow for switching between three power levels;
2) In case transmission power does not need to be adapted for power boosting purpose but only as a function of the type of traffic that the UE is transmitting, configuring the power boosting bit adds unnecessary overhead since the priority indication could be used instead.
Instead of relying solely on the power boosting bit to adapt power as a function of the type of traffic, one solution could be to adopt an approach similar to PUCCH, i.e. allow for separate configuration of PUSCH power control parameters for high-priority PUSCH transmissions. This solution can be readily be used together with the already agreed solution for power boosting, if both PUSCH power control configurations (for low- and high-priority PUSCH) contain the new RRC parameter per SRI for power boosting.
Proposal 7: Support additional PUSCH power control configuration applicable to high-priority PUSCH transmission.
Proposal 8: Priority indication of DCI scheduling PUSCH indicates the applicable PUSCH power control configuration.
TPC adjustments with out-of-order scheduling
It has been pointed out (e.g. [3]) that when HARQ-ACK or PUSCH are scheduled out-of-order, application of closed-loop TPC adjustments do not work as intended, resulting in unwanted excessive adjustments for PUCCH or PUSCH transmissions scheduled with a longer delay. Priority-specific TPC adjustment as proposed in [3] would prevent this issue. It is also desirable to enable independent adjustments per priority level anyway, since the reliability requirements are different.
Proposal 9: The PUCCH power control adjustment state is specific to the priority level of the carried HARQ-ACK/SR.
Proposal 10: The PUSCH power control adjustment state is specific to the priority level of PUSCH.

Conclusion
In this contribution, we provided our views on the scheduling/HARQ enhancements for eURLLC. Our proposals are as follows:
Proposal 1: A UE with capability “A” can report a maximum number of PDSCHs that can be processed in parallel for each type of processing capability (capability 1 or capability 2).
Proposal 2: A UE with capability “A” can be configured to enable parallel PDSCH processing on a serving cell, where one PDSCH follows capability 1 and a second PDSCH follows capability 2.
Proposal 3: A UE with capability “B” can report a maximum number of carriers for which the UE always processes the PDSCH associated with processing capability #2 and processes the PDSCH associated with the processing capability #1 under some scheduling conditions.
Proposal 4: RRC configures separate search space sets corresponding to each PDSCH processing capability configured on the same carrier.
[bookmark: _GoBack]Proposal 5: UE does not expect that a PDCCH candidate in a search space set corresponding to a first configured PDSCH processing capability uses a same set of CCEs for the same DCI size as a PDCCH candidate in a search space set corresponding to a second configured PDSCH processing capability.
Proposal 6: In case of overlap between PDSCHs, the UE determines the priority of a PDSCH based on HARQ-ACK priority indication from associated DCI, unless the UE reports a capability to derive PDSCH priority based on DCI timing.
Proposal 7: Support additional PUSCH power control configuration applicable to high-priority PUSCH transmission.
Proposal 8: Priority indication of DCI scheduling PUSCH indicates the applicable PUSCH power control configuration.
Proposal 9: The PUCCH power control adjustment state is specific to the priority level of the carried HARQ-ACK/SR.
Proposal 10: The PUSCH power control adjustment state is specific to the priority level of PUSCH.
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Appendix
Agreements from RAN1#98bis
	Agreements:
If RAN1 supports Case 0 of Proposal 1’ of [98-NR-15], if the UE supports out-of-order HARQ operation, and if PDSCHs are non-overlapping in the time domain:
· The UE processes all PDSCHs without dropping, except
· The Rel. 15 UE fallback to capability 1 and dropping behaviour for a UE reporting pdsch-ProcessingType2-Limited is supported. 
· Note: Under Case 0, additional DMRS and capability 2 cannot be simultaneously configured on a given carrier.

Agreements:
If RAN1 supports Case 1 and/or Case 2 of Proposal 1’ of [98-NR-15], and if the UE is not capable of processing all PDSCHs under some condition(s), and if PDSCHs are non-overlapping in the time domain then:
· The UE always processes the PDSCH associated with capability 2
· FFS whether or not subject to Rel-15 restrictions (if any)
· The UE processes the PDSCH associated with capability 1 if its last symbol is at least N1 symbols before the start of the PDSCH associated with capability 2. 
· N1 is the minimum processing timeline for capability 1.
· Further discussion offline whether or not to include the case when the PDSCH associated with capability 2 is before the PDSCH associated with capability 1 and if so, details
· Otherwise, the UE may skip decoding the PDSCH associated with capability 1. 
· HARQ-ACK should be reported for the PDSCH associated with capability 1.
· If RAN1 supports extending the minimum processing of the PDSCH associated with capability #2 by d symbols in case the PDSCH associated with capability 1 needs to be dropped, the value of d should be less than or equal to 2 symbols at least for SCS = 15/30KHz. 
· FFS: The exact value of d to be decided by RAN1 #99. 
· FFS: The value of d for other SCSs 




