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1.
Introduction

Based on agreements in RAN1#94 and RAN1#95 meeting, support of more than one PUCCH for HARQ-ACK transmission within a slot has been confirmed, it makes HARQ-ACK feedback more flexible when prioritization among traffics is necessary:
RAN1#94 Agreements
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
RAN1#95 Agreements

· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.

It is a common understanding that enhanced reporting procedure/feedback for HARQ-ACK with finer indication of HARQ feedback timing allows lower latency for URLLC traffic. And details of multiple PUCCHs for HARQ-ACK within a slot is concluded for study in RAN1#95.
RAN1#95 Conclusion:

· For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:

· How to separate HARQ-ACK multiplexing windows for different PUCCHs?

· How to indicate the starting symbol of different PUCCHs?

· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?

· How to determine dynamic HARQ codebook?

· How to determine semi-static HARQ-ACK codebook?

· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?

· How to determine PUCCH resource for each PUCCH?

· How to do PUCCH resource overriding for HARQ-ACK multiplexing?

· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
In previous meeting, at least two HARQ-ACK codebooks can be simultaneously constructed, each could be intended for a specific service type within a UE

RAN1#ahhoc1901 Agreements:

· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)

· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both

· FFS more than 2

· FFS whether or not CBG configuration is supported for Rel-16 URLLC
On the other hand, out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes are currently under further analysis for its possible solutions since previous meeting. 
RAN1#ahhoc1901 Agreements:

For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes on the active BWP of a given serving cell, the companies are encouraged to perform further analysis, including at least the following aspects:

· The details of the dropping rules if allowed

· The conditions (if any) under which the UE is expected to process the out-of-order channels

It can be envisioned that out-of-order PDSCH-to-HARQ scheduling is closely related to multiple PUCCHs for HARQ-ACK within a slot. Given that it is capable to have different service types using separate PUCCH settings, such as HARQ codebook and time domain resource for each PUCCH, out-of-ordered transmissions of PDSCH-to-HARQ between two HARQ processes within a slot is possible. Moreover, finer indication of HARQ feedback timing creates more available PUCCH boundaries for inserting urgent HARQ-ACK feedback.    
At the same time, in the study of UL/DL intra-UE prioritization/multiplexing in RAN2 IIoT, overlapping of different traffics within the UE is categorised into three scenarios. In case of control channel and control channel multiplexing, HARQ-ACK-to-HARQ-ACK is one of the open issues needs to be addressed. 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 necessary. 
This contribution provides feasibility analysis, processing rules, and possible impacts on UE to support of out-of-order HARQ-ACK feedback. 
2.
Analysis 
For UEs capable of performing out-of-order HARQ transmission between two HARQ processes. When scheduled first PDSCH transmission, i.e., eMBB comes before the scheduled second PDSCH transmission, i.e, URLLC, it should be possible for UE to send the HARQ-ACK of second PDSCH before the HARQ-ACK of fist PDSCH.
In this section, UE’s behaviour and procedure for handling out-of-order HARQ-ACK transmission is analysed. 
2.1 Feasibility of out-of-order HARQ-ACK transmission 
For any two HARQ process IDs with different latency requirement (ex: eMBB and URLLC). Feasibility of out-of-order HARQ-ACK transmission relies on three premises.
Premise A:  Differentiation of prioritized traffics from physical layer’s perspective.
Premise B:  Availability of unused PUCCH resource for inserting urgent HARQ-ACK feedback. 
Premise C:  Transmission possibility of deprioritized HARQ-ACK. 
For Premise A, 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. 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:

UE can perform different treatment for URLLC HARQ-ACK based on MCS RNTI or new DCI format for URLLC.
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 PUCCH resource contributed to low latency transmission for URLLC is always available. Premise B is only valid if available PUCCH resource for URLLC HARQ can meet latency requirement. In view of this, some prioritization/preemption mechanisms among HARQ resource within a slot is necessary to address the collision issue. Given that the support of multiple PUCCHs for HARQ-ACK within a slot in Rel. 16 had been agreed, gNB can configure one of the multiple PUCCHs dedicatedly for URLLC usage and assign its resource at the earlier part of the slot, which can guarantee available resource for URLLC feedback whenever out-of-order scheduling over eMBB HARQ-ACK is necessary   
Observation1:

Prioritization/preemption mechanisms among PUCCH resource within a slot is necessary for performing out-of-order HARQ-ACK transmission within a slot.
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. 
As for Premise C, if extended processing time needed for de-prioritized traffic, caused by inserting prioritized URLLC traffic in front of it, can still meet HARQ timing, eMBB HARQ-ACK can be transmitted accordingly. Otherwise modified feedback behavior and timing of eMBB HARQ-ACK should be defined as long as URLLC traffic is intervened.  
Observation2:

Feedback behavior and timing of de-prioritized (i.e., eMBB) HARQ-ACK should be defined as long as it is intervened by URLLC HARQ-ACK.  
3 Processing Rules of out-of-order HARQ-ACK transmission
3.1 Dropping de-prioritized traffic (eMBB)
Currently HARQ-ACK feedback mechanisms such as HARQ-ACK feedback timing and HARQ-ACK codebook determination are designed for one PUCCH of HARQ-ACK transmission within a slot. If more than one PUCCH transmission for HARQ-ACK is available, and PUCCH of HARQ-ACK for URLLC can be configured to be transmitted earlier than the eMBB. In view of UE’s limited capability of processing both traffics simultaneously, if Premise B is satisfied, UE can just ignore previously received eMBB 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 eMBB at designated PUCCH resource. 

Above dropping rule need to be jointly considered with the prioritization rules of control channels under RAN2’s IIoT study on UL/DL intra-UE prioritization/multiplexing, since this out-of-order based dropping rule doesn’t necessarily involve overlapped PUCCH resources. 

Proposal 3:

Processing Rule #1 for limited UE capability: 

· Whenever out-of-order HARQ-ACK is triggered, UE ignore previously received PDSCH, decode later received PDSCH, and transmits HARQ-ACK as indicated by later DCI. 

· UE can transmit NACK or DTX at designated PUCCH resource for earlier received PDSCH if PUCCH resource is not overlapped.
3.2 Adjustment on De-prioritized traffic (eMBB) Processing Time
Solution in previous section relies on the availability of PUCCH resource for URLLC, i.e., Premise B is satisfied, but at the cost of eMBB’s performance degradation resulting from additional latency for re-transmission. 
In some feedback timing, Premise C can also be satisfied even with the insertion of URLLC traffic, as long as K1 value and transmit timing of PUCCH resource assigned for eMBB is large enough to accommodate URLLC traffic processing time. In that case, eMBB HARQ-ACK can still be transmitted at pre-assigned time point.

In order to judge the feasibility of eMBB HARQ-ACK transmission, the processing time of Tproc.1 in the current spec i.e, [image: image1.wmf](
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 should be added with additional margin for processing of URLLC traffic due to out-of-order scheduling. For example, by introducing another time delay elements (d1,3) to account for URLLC traffic processing time, and the value d1,3 could be a function of symbol location of URLLC PDSCH, i.e., the starting symbol and symbol duration. 
Once d1,3 is determined, overall latency can be compared with assigned K1 value and location of PUCCH resource (ARI bits) in DCI. If the accumulated latency calculated from the last symbol of the PDSCH is still earlier than the assigned time point, eMBB HARQ-ACK can be transmitted as indicated in DCI. Otherwise, eMBB HARQ-ACK transmission could be dropped or postponed to later time location. 
· If feedback timing still meet after accommodating URLLC traffic processing time, eMBB HARQ-ACK is transmitted as indicated in corresponding DCI.
· If it is dropped, then NACK or DTX is transmitted for eMBB at the assigned PUCCH resource. 
· If it is postponed, the offset value of PUCCH HARQ-ACK transmission relative to the original location can be either determined implicitly by UE, e.g., to the earliest PUCCH resource which accommodates extended latency, or explicitly rescheduled by gNB using DCI.   
Observation3:
Calculation of eMBB processing time for HARQ feedback should take into account the location of inserted URLLC traffic if out-of-order HARQ-ACK is triggered. 

Proposal 4:

Processing Rule #2 for aggressive UE capability: 

· If original eMBB HARQ-ACK PUCCH location can still meet extended processing time induced by insertion of URLLC traffic, eMBB HARQ-ACK can be transmitted thereof. 
· Otherwise, eMBB HARQ-ACK can be dropped or postponed to a later location determined by UE implicitly or rescheduled by gNB.     
3. Conclusion
We have the following observations and proposals regarding out-of-order scheduling. 
Observation1:

Prioritization/preemption mechanisms among PUCCH resource within a slot is necessary for performing out-of-order HARQ-ACK transmission within a slot.
Observation2:

Feedback behavior and timing of de-prioritized (i.e., eMBB) HARQ-ACK should be defined as long as it is intervened by URLLC HARQ-ACK.  
Observation3:

Calculation of eMBB processing time for HARQ feedback should take into account the location of inserted URLLC traffic if out-of-order HARQ-ACK is triggered. 
Proposal 1:
UE can perform different treatment for URLLC HARQ-ACK based on MCS RNTI or new DCI format for URLLC.
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:

Processing Rule #1 for limited UE capability: 
· Whenever out-of-order HARQ-ACK is triggered, UE ignore previously received PDSCH, decode later received PDSCH, and transmits HARQ-ACK as indicated by later DCI. 
· UE can transmit NACK or DTX at designated PUCCH resource for earlier received PDSCH if PUCCH resource is not overlapped.
Proposal 4:

Processing Rule #2 for aggressive UE capability: 
· If original eMBB HARQ-ACK PUCCH location can still meet extended processing time induced by insertion of URLLC traffic, eMBB HARQ-ACK can be transmitted thereof. 
· Otherwise, eMBB HARQ-ACK can be dropped or postponed to a later location determined by UE implicitly or rescheduled by gNB.    
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