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1.
Introduction

According to agreements in RAN1#96 meeting [1], support of more than one PUCCH for HARQ-ACK transmission within a slot for supporting different service types has been approved, it makes scheduling of HARQ-ACK feedback more flexible when prioritization among different service types is necessary:
RAN1#96 Agreements
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to transmit in resources overlapping in time

· FFS details, e.g., multiplexing and/or prioritizing or parallel tx – revisit later this week

RAN1#96 Agreements
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 

· FFS in potential WI the details of the PHY identification
On the other hand, out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes have been studied and some solutions have been provided in previous meeting. 
RAN1#96 Agreements:

For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH. Specify based on the following solutions:

· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.

· Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition.

· Solution 3: The UE processes both the first and second channels under some conditions, e.g. using the CA capability. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behavior is not defined. 

· FFS: The details of the UE capability.

· Solution 4: 

· A UE drops (terminates) the processing of the first PDSCH.

· Alt1: The UE always drops the first PDSCH.

· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.

· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and second PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc.

· The UE behavior, e.g., decision on dropping the first channel and timing capability associated with the second channel, is determined, and is fixed, after decoding the PDCCH associated with the first and the second PDSCH. 

· When the UE drops the processing of the first channel, increasing the minimum PDSCH processing procedure time (N1) of the second PDSCH by d symbols can be considered.

· FFS the value of d. 

· Dropping the processing of the first PDSCH can be done in one of the two ways:

· Alt1: dropping the processing of the first PDSCH on the same serving cell 

· Alt2: dropping the processing of a PDSCH(s) on the same cell or a different serving cell.

· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell when applicable

· FFS whether or not, out-of-order operation is allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.
It is expected that out-of-order PDSCH-to-HARQ scheduling is closely related to multiple PUCCHs for HARQ-ACK within a slot. Given that it is possible to have different service types using separate PUCCH settings, including HARQ codebook and corresponding time domain resource for each PUCCH, out-of-ordered transmissions of PDSCH-to-HARQ over same or different slot is possible. Moreover, finer indication of HARQ feedback timing creates more available PUCCH boundaries for inserting urgent HARQ-ACK feedback. In the new WI of IIoT for UL/DL intra-UE prioritization/multiplexing, control channel and control channel multiplexing, HARQ-ACK-to-HARQ-ACK is one of the open issues needs to be addressed in RAN1. It can rely on appropriate PUCCH resource settings over each traffic type within a slot to avoid overlapped scheduling and provide usable PUCCH resource for URLLC whenever out-of-order PDSCH-to-HARQ scheduling is triggered. Interactive discussions on the issue of out-of-order PDSCH-to-HARQ scheduling among three technical items seems necessary. 

Among the solutions proposed at previous meeting for handling out-of-order PDSCH-to-HARQ, we provide our feasibility analysis, preferred dropping rule, and possible impacts on URLLC and eMBB UE to support of out-of-order HARQ-ACK feedback. 
2.
Analysis 
Based on the agreement from previous meeting, four candidate solutions are provided to address the out-of-order PDSCH-to-HARQ issue. Among them, Solution 4 seems to be a compound solution, it incorporates other solutions as special cases in Alt.1 and Alt. 2. In this section, we first proposed the necessities to facilitate out-of-order scheduling, and then based on solution 4, we provide our view on UE’s behaviour and procedure for handling out-of-order HARQ-ACK transmission. 
2.1 Facilitation of out-of-order HARQ-ACK transmission 
Once UE can differentiate traffic types at physical layer, associated QoS parameters such as priority level and corresponding PUCCH resource mapping, or different treatments of feedback timing on each traffic type can be determined according to higher layer pre-configuration. It is agreed in previous meeting, a HARQ-ACK codebook can be identified based on some PHY indications/properties. Since more than one PUCCH is allowed for HARQ-ACK within a slot, each PUCCH could correspond to one HARQ-ACK codebook, if out-of-order HARQ-ACK takes place within a slot and overlaps in time, prioritization and dropping rules among PUCCH resources within a slot is necessary. A general solution to indicate traffic priority for UE to address issues of time-domain overlapping over PUSCHs/PUCCHs, HARQ-ACK codebook selection, PUCCH resource configuration for HARQ-ACK transmission is much more preferred over implicit indication hints by contradiction of scheduled resource or order. This helps UE have a clear understanding of the indicated priority profile and make proper treatments throughout whole processing flow, prevent misalignment between UE and gNB and avoid error cases which violating priority-based scheduling. Identification of traffic types could rely on following schemes:

· Different type of RNTI (CRC-Masking), similar to MCS table differentiation.
· Additional header bit in the DCI content, similar to UL/DL DCI differentiation
· Different DCI content, i.e., compact DCI for URLLC if available.
Since MCS-RNTI have been adopted to determine MCS Table, it can be reused for an implicit indication of served traffic type. Alternatively, since compact DCI for URLLC have been supported, possibly with URLLC specific DCI content, more traffic types can be classified if this field is introduced. 

Proposal 1:

· A general solution of traffic identification for prioritization is preferred to have consistent treatments throughout whole processing flow from PDSCH reception to HARQ-ACK feedback regardless resource collision or out-of-ordering scheduling within a UE.
With the capability of more than one PUCCH for HARQ-ACK transmission within a slot, more PUCCH resources are available for HARQ transmission. However, if multiple PUCCH resources are shared among eMBB and URLLC traffics, it cannot be guaranteed that valid PUCCH resource of low latency transmission for URLLC is always available. That is, out-of-order HARQ-ACK is only valid if available PUCCH resource for URLLC HARQ can meet latency requirement. In some resource shortage cases, prioritization/preemption mechanisms among HARQ resource within a slot is necessary to solve this issue. Given that the availability of multiple PUCCHs for HARQ-ACK within a slot, gNB can configure one of the PUCCHs dedicatedly for URLLC usage and assign its resource at the earlier part of the slot, which provides reserved resource for URLLC feedback whenever out-of-order scheduling over eMBB HARQ-ACK is triggered.   
Proposal 2:

· Dedicated PUCCH resource assigned for URLLC HARQ-ACK within a slot can guarantee available resource for URLLC HARQ-ACK whenever out-of-order scheduling over eMBB HARQ-ACK is necessary. 
3 Processing Rules of out-of-order HARQ-ACK transmission
There are two alternatives for UE to drop the processing of first PDSCH, always drop the first PDSCH in Alt. 1 and conditionally drop the first PDSCH in Alt. 2. In the following, two alternatives are analyzed.
3.1 Always drop the first PDSCH (de-prioritized traffic)
According to UE’s capability, processing of both traffics simultaneously may not possible, if timing condition for URLLC feedback is satisfied, UE can just ignore previously received PDSCH data and divert to later received URLLC PDSCH. In this way, only URLLC HARQ-ACK is transmitted and UE can transmit NACK or DTX for first PDSCH at designated PUCCH resource. However, since terminating the processing of the first channel could induce additional processing time necessary for the second PDSCH by d symbols as indicated in sub-bullet of Solution 4, if increased processing time cannot meet the timing of URLLC feedback, then UE can ignore the second PDSCH and proceed the processing of first PDSCH.
Above dropping rule need to consider the case where PUCCH resources of first PDSCH and second PDSCH are overlapped within a slot, in this case, prioritization or multiplexing among HARQ-ACKs is needed. 

Proposal 3:

· In view of limited UE capability, Alt.1 in Solution 4 is supported, however, following issues need to be clarified.

· Dropping Rule of Alt.1 need to consider increased processing time of second PDSCH before dropping. If timing condition is still satisfied then UE performs dropping. Otherwise, UE’s behavior is FFS, e.g., UE proceed the processing of first PDSCH or not.
· UE’s follow up behavior of dropped PDSCH should be clarified, e.g., UE may either transmit NACK or DTX at the assigned PUCCH resource for the first PDSCH.
3.2 Conditionally drop the first PDSCH
Always drop the first PDSCH degrades the performance of first PDSCH as a result of additional latency for re-transmission. In some scheduling condition, first PDSCH can also be processed even with the insertion of URLLC traffic. Although scheduling conditions to enable joint processing of two PDSCHs with out-of-order scheduled HARQ-ACKs remains FFS, most of premises rely on UE’s computing power, e.g., capability of parallel processing capability, enough time gaps among consecutive PDSCHs and out-of-order PUCCHs for HARQ-ACK to accommodate extended processing time for both traffics. In order words, eMBB HARQ-ACK of first PDSCH can still be transmitted at assigned time point as long as K1 value and timing of PUCCH resource for HARQ-ACK is larger than the increased processing time incorporating the processing of URLLC traffic. To reflect this effect, whenever higher priority traffic is inserted by the second PDSCH, the processing time of Tproc.1 in the current spec i.e, [image: image1.wmf](
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 should add additional margin to incorporate the processing of second PDSCH due to out-of-order scheduling. For example, by introducing another time delay elements (d1,3) to account for URLLC’s traffic processing time. The value of d1,3 could be a function of symbol location of second PDSCH, including the location of first symbol and last symbol relative to the starting of PUCCH transmission for first PDSCH. 
Based on above analysis, scheduling condition for the dropping of first PDSCH channel not only relies on the gap between the first and second PDSCHs and the gap between the two PUCCHs carrying HARQ-ACK, it also depends on the gap between the end of second PDSCH and start of PUCCH carrying HARQ-ACK for first PDSCH. Once d1,3 is determined, overall latency can be compared with K1 value and location of PUCCH resource. If the scheduling timing is satisfied, eMBB HARQ-ACK can be transmitted as indicated in DCI. Otherwise, eMBB HARQ-ACK transmission could be dropped or postponed to later time location. 
Proposal 4:

· In view of aggressive UE capability, Alt.2 in Solution 4 is supported, however, following scheduling condition need to be added.
· One of scheduling conditions includes gap between the end of second PDSCH and start of PUCCH carrying HARQ-ACK for first PDSCH. The value of increased processing time for first PDSCH is a function of the gap length. And if the scheduling timing cannot be satisfied, UE can be dropped it or postponed it to a later location. Otherwise, both PDSCHs are processed according to the indicated timing.     
3. Conclusion
We have the following observations and proposals regarding out-of-order scheduling. 
Proposal 1:

· A general solution of traffic identification for prioritization is preferred to have consistent treatments throughout whole processing flow from PDSCH reception to HARQ-ACK feedback regardless resource collision or out-of-ordering scheduling within a UE.
Proposal 2:

· Dedicated PUCCH resource assigned for URLLC HARQ-ACK within a slot can guarantee available resource for URLLC HARQ-ACK whenever out-of-order scheduling over eMBB HARQ-ACK is necessary.
Proposal 3:

· In view of limited UE capability, Alt.1 in Solution 4 is supported, however, following issues need to be clarified.

· Dropping Rule of Alt.1 need to consider increased processing time of second PDSCH before dropping. If timing condition is still satisfied then UE performs dropping. Otherwise, UE’s behavior is FFS, e.g., UE proceed the processing of first PDSCH or not.

· UE’s follow up behavior of dropped PDSCH should be clarified, e.g., UE may either transmit NACK or DTX at the assigned PUCCH resource for the first PDSCH.
Proposal 4:

· In view of aggressive UE capability, Alt.2 in Solution 4 is supported, however, following scheduling condition need to be added.
· One of scheduling conditions includes the gap between the end of second PDSCH and start of PUCCH carrying HARQ-ACK for first PDSCH. The value of increased processing time for first PDSCH is a function of the gap length. If the scheduling timing cannot be satisfied, UE can be dropped it or postponed it to a later location. Otherwise, both PDSCHs are processed according to the indicated timing.
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