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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#83, we approved a WI on eURLLC [1].  One of the objectives of this WI is:
· 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 

This contribution discusses some aspects of these objectives.  
2. Discussions
2.1 PDSCH
There are two aspects on PDSCH scheduling:
· Intra-UE PDSCH collision in time
· Out-of-order HARQ-ACK associated with two PDSCHs

During the SI phase, two cases were identified for intra-UE PDSCH collision in time [2]:
· Case 1: UE capable of decoding two PDSCHs that overlap in time
· Case 2: UE not capable of decoding two PDSCHs that overlap in time

For Case 1, if the UE is able to decode two PDSCHs that overlap in time but not frequency, then it is straightforward that the UE decodes both of these PDSCHs. However, if the PDSCHs also overlap in frequency, then a priority needs to be defined.  For Case 2, since the UE is unable to decode two PDSCHs that overlap in time, prioritisation is required to decide which PDSCH to drop.
Proposal 1: For the case where two PDSCHs scheduled to the same UE overlap in time, if the UE is capable of decoding multiple PDSCHs simultaneously, then the UE decodes these PDSCHs.
Observation 1: When two Intra-UE PDSCHs overlap in time and the UE is unable to decode both of them due to capability or the PDSCHs also overlap in frequency, prioritisation of the PDSCHs is required.

For the case where the UE cannot process both PDSCHs, RAN2 recommended that the PDSCH from the later DL grant has higher priority.  This proposal was also generally accepted in RAN1, which assumes that the gNB is aware of the priority of the PDSCHs.  This allows the gNB to override a previous DL grant with a later DL grant.  The UE drops the lower priority PDSCH, i.e. the PDSCH scheduled by the earlier DL grant.
Proposal 2: For the case where two PDSCHs scheduled to the same UE overlap in time, and the UE cannot decode both PDSCH simultaneously, the PDSCH scheduled by the later DL grant has priority over that scheduled by the earlier DL grant.  The UE drops the lower priority PDSCH (i.e. the PDSCH scheduled by the earlier DL grant).

In the SI, Out-of-order HARQ-ACK for PDSCH can be supported under some conditions where these conditions were not defined [4].  One of these conditions is the UE PDSCH processing capability.  Consider the Out-of-order HARQ-ACK in Figure 1, where PDSCH#1 and PDSCH#2 are scheduled by DCI#1 and DCI#2 respectively and DCI#1 is transmitted before DCI#2 and PDSCH#1 is transmitted before PDSCH#2.  The corresponding uplink feedback for PDSCH#1 and PDSCH#2 are HARQ-ACK#1 and HARQ-ACK#2 respectively where HARQ-ACK#2 comes earlier than HARQ-ACK#1, i.e. Out-of-order HARQ-ACK scheduling.  Typically, the UE would decode PDSCH#1 after receiving it at time t5 and buffer PDSCH#2 to be decoded later.  However, in this Out-of-order scenario, the UE may have to stop decoding PDSCH#1 since it needs to quickly decode PDSCH#2 in order to send the HARQ-ACK#2 in time, within time period T2.  After decoding PDSCH#2 and preparing PUCCH for HARQ-ACK#2, the remaining time T3 may not be sufficient to decode PDSCH#1 and prepare the PUCCH for HARQ-ACK#1.  That is, the UE needs to be able to decode two PDSCHs and prepare their corresponding HARQ-ACKs within time T1, which can be a UE capability. 

[image: ]
[bookmark: _Ref5030516]Figure 1: Out-of-order HARQ-ACK for PDSCHs
Proposal 3: Define a maximum processing time T1 for UE supporting Out-of-order HARQ-ACK for two PDSCHs, where within this time T1, the UE needs to decode two PDSCHs and prepare their corresponding HARQ-ACKs.  T1 can be a UE processing capability.

For the case where the UE cannot process two PDSCHs and prepare their HARQ-ACK within T1, the UE drops the lower priority PDSCH.  Here we can follow the prioritization method used in intra-UE PDSCHs collision, that is, the UE PDSCH that is scheduled by the earlier grant has lower priority.  That is the UE drops PDSCH#1 in the example in Figure 1 if it cannot process PDSCH#1 & PDSCH#2 and their HARQ-ACK feedbacks in time.
Proposal 4: In an Out-of-order HARQ-ACK for PDSCH scheduling, if the UE cannot process two PDSCHs and prepare their corresponding HARQ-ACK within the scheduled time, the UE drops the PDSCH scheduled by the earlier DL grant and decodes only the PDSCH scheduled by the later DL grant.


2.2 PUSCH
In the SI discussion, Out-of-order PUSCH scheduling can be supported under some conditions where these conditions were not defined [4].  Similar to Out-of-order HARQ-ACK for PDSCH, we should also consider the UE’s processing capability as one of these conditions.  Consider the Out-of-order PUSCH scheduling where PUSCH#1 and PUSCH#2 are scheduled by DCI#1 and DCI#2 respectively.  Here DCI#1 is transmitted before DCI#2 whilst PUSCH#2 is scheduled before PUSCH#1.  After receiving DCI#1 at time t2, the UE has time P1 to prepare for PUSCH#1.  However, the PUSCH#1 preparation is interrupted by the UL grant from DCI#2 at time t4, which requires the UE to prepare PUSCH#2 within time P2, since it is transmitted before PUSCH#1.  Assuming UE requires entire P2 time to prepare PUSCH#2, the UE has only remaining time P3 to prepare PUSCH#1, which may not be sufficient.  That is the UE needs to prepare two PUSCHs within time P1 in addition to the existing single PUSCH preparation time N2.  This can be a UE capability.
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[bookmark: _Ref5035070]Figure 2: Out-of-order PUSCH scheduling

Proposal 5: Define a maximum processing time P1 for UE supporting Out-of-order PUSCHs scheduling, where within this time P1, the UE needs to prepare two PUSCHs.  P1 can be a UE processing capability.

During the SI phase, it is agreed that when the condition is not met, in this case when the UE cannot process the two Out-of-order PUSCHs in time, the UE drops the PUSCH that is scheduled by the earlier UL grant.  This is also consistent with RAN2 agreement for PUSCHs that overlap in time.  In the example in Figure 2, the UE drops PUSCH#1 if it cannot process PUSCH#1 and PUSCH#2 within the scheduled time regardless if they overlap in time or not.
Proposal 6: If the UE cannot process two Out-of-order PUSCHs within the scheduled time (regardless if these PUSCHs overlap in time or not), the UE drops the PUSCH that is scheduled by the earlier UL grant and processes only the PUSCH that is scheduled by the later UL grant.

During the SI phase, RAN2 agreed that when two PUSCHs overlap in time due to Out-of-order scheduling, the PUSCH scheduled by the earlier UL grant has lower priority than the PUSCH scheduled by the later UL grant.  The lower priority PUSCH is dropped.  It should be noted that in Rel-15 NR, the gNB schedules the TB for the UE rather than for a specific LCID, which works fine using Rel-15 Logical Channel Prioritisation (LCP) as the highest priority LCID is always multiplexed into the scheduled PUSCH first.  However, under Out-of-order PUSCH, the Rel-15 LCP may schedule the LCID into the wrong PUSCH.  Consider the scenario in Figure 3, where we have 4 LCIDs {LCID#1, LCID#2, LCID#3, LCID#4} where we assume that LCID#1 carries URLLC traffic and LCID#3 carries eMBB traffic.  Here LCID#1 & LCID#2 are configured to SR#1 and LCID#3 & LCID#4 are configured to SR#2.  Here SR#1 and SR#2 are configured to use different PUCCH resources so that the gNB can distinguish them.  At time t0, data arrives at LCID#3, which triggers the transmission of SR#2.  Whilst the gNB is processing and preparing the UL grant corresponding to SR#2, URLLC data arrives at LCID#1 which triggers SR#1.  Since the gNB has already prepared the UL grant for SR#2, it transmits this UL grant using DCI#1 at time t4, which schedules PUSCH#1.  After receiving UL grant from DCI#1, the UE would start multiplexing data into the PUSCH TB and using Rel-15 LCP, the UE would multiplex the URLLC data from LCID#1 into PUSCH#1.  At time t6, the gNB sends another UL grant using DCI#2 which schedules PUSCH#2.  Since PUSCH#2 is a response to SR#1 that corresponds to URLLC traffic, PUSCH#2 is scheduled Out-of-order and in this example, it overlaps with PUSCH#1.  After receiving DCI#2, the UE then performs Rel-15 LCP where data from LCID#3 is multiplexed into PUSCH#2.  Since, PUSCH#1 and PUSCH#2 overlap in time, as per the RAN2 agreement, PUSCH#1 carrying URLLC data is dropped since it is scheduled by an earlier UL grant.  Even if PUSCH#1 and PUSCH#2 do not overlap in time, PUSCH#1 which is scheduled at a later time may lead to the URLLC traffic not meeting its latency requirement.  PUSCH#1 may also not have the coding rate that meets the URLLC reliability requirement.  Hence, the existing Rel-15 LCP may lead to the LCID with high priority data, such as URLLC, being multiplexed into the “wrong” PUSCH, which may lead to the URLLC being dropped or not meeting URLLC latency and/or reliability requirements.
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[bookmark: _Ref5035681]Figure 3: Rel-15 LCP under Out-of-order PUSCH scheduling
Observation 2: The Rel-15 Logical Channel Prioritisation (LCP) under Out-of-order PUSCH scheduling may lead to scenarios where data from a high priority LCID (e.g. for URLLC) is multiplexed into the wrong PUSCH, where this PUSCH may be dropped or does not meet the URLLC latency and/or reliability requirement.

One way to avoid LCID data being multiplexed into the wrong PUSCH, is to implicitly indicate the SR ID an UL grant is intended for, e.g. using a different RNTI.  Alternatively, the SR and DCI are always scheduled In-Order, that is when two consecutive SRs are transmitted, the UE should expect two corresponding UL grants and these UL grants map to the SRs in the order that they arrive.
[bookmark: _GoBack]Proposal 7: Consider ways to avoid multiplexing data from a high priority LCID into the wrong PUSCH under an Out-of-order PUSCH scheduling.


3. Conclusion
In this contribution we discuss scheduling enhancements for Rel-16 eURLLC.  We observe the following:
Observation 1: When two Intra-UE PDSCHs overlap in time and the UE is unable to decode both of them due to capability or the PDSCHs also overlap in frequency, prioritisation of the PDSCHs is required.
Observation 2: The Rel-15 Logical Channel Prioritisation (LCP) under Out-of-order PUSCH scheduling may lead to scenarios where data from a high priority LCID (e.g. for URLLC) is multiplexed into the wrong PUSCH, where this PUSCH may be dropped or does not meet the URLLC latency and/or reliability requirement.

We therefore propose the following:
Proposal 1: For the case where two PDSCHs scheduled to the same UE overlap in time, if the UE is capable of decoding multiple PDSCHs simultaneously, then the UE decodes these PDSCHs.
Proposal 2: For the case where two PDSCHs scheduled to the same UE overlap in time, and the UE cannot decode both PDSCH simultaneously, the PDSCH scheduled by the later DL grant has priority over that scheduled by the earlier DL grant.  The UE drops the lower priority PDSCH (i.e. the PDSCH scheduled by the earlier DL grant).
Proposal 3: Define a maximum processing time T1 for UE supporting Out-of-order HARQ-ACK for two PDSCHs, where within this time T1, the UE needs to decode two PDSCHs and prepare their corresponding HARQ-ACKs.  T1 can be a UE processing capability.
Proposal 4: In an Out-of-order HARQ-ACK for PDSCH scheduling, if the UE cannot process two PDSCHs and prepare their corresponding HARQ-ACK within the scheduled time, the UE drops the PDSCH scheduled by the earlier DL grant and decodes only the PDSCH scheduled by the later DL grant.
Proposal 5: Define a maximum processing time P1 for UE supporting Out-of-order PUSCHs scheduling, where within this time P1, the UE needs to prepare two PUSCHs.  P1 can be a UE processing capability.
Proposal 6: If the UE cannot process two Out-of-order PUSCHs within the scheduled time (regardless if these PUSCHs overlap in time or not), the UE drops the PUSCH that is scheduled by the earlier UL grant and processes only the PUSCH that is scheduled by the later UL grant.
Proposal 7: Consider ways to avoid multiplexing data from a high priority LCID into the wrong PUSCH under an Out-of-order PUSCH scheduling.
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