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1.
Introduction

According to RAN1#92 agreements and attached note [1]. It should be noticed that although out-of-order HARQ-ACK is not supported in Rel. 15 UE, it could be one of capability for Rel. 16 UEs.
RAN1#92 Agreements
· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the (baseline capability) UE is not expected to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B

· Note: this does not preclude a future capability for UEs to support out-of-order HARQ-ACK.
Enable more than one PUCCH for HARQ-ACK transmission within a slot relaxes the single location constraint of PUCCH resource for HARQ-ACK transmission within a slot and could provide a flexible HARQ-feedback mechanism to satisfy various coexist traffic types with different requirements of reliability and latency for HARQ-ACK transmission. 
Following agreements in RAN1#95 [2] and RAN1#94 meeting [3], support of more than one PUCCH for HARQ-ACK transmission within a slot has been confirmed and this makes flexible HARQ-ACK feedback scheduling more feasible:
RAN1#95 Agreements

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

RAN1#94 Agreements
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
Transmission priorities of HARQ-ACKs for PDSCHs corresponding to different traffic types should also be considered when multiple PUCCH locations are available. Finer indication for HARQ feedback timing facilitates resource scheduling for out-of-order HARQ-ACK transmission.    
During RAN1#94 and RAN1#95 meeting, it’s a common understanding that enhanced reporting procedure/feedback for HARQ-ACK with finer indication of HARQ feedback timing allows lower latency for URLLC traffic. But details of supporting multiple PUCCHs for HARQ-ACK within a slot is concluded for further study.
RAN1#94 Agreements:
· Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.

· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.

· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot

· Other enablers are not precluded

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 RAN2’s study of UL/DL intra-UE prioritization/multiplexing in NR Industrial Internet of Things (NR-IIoT). If prioritization of different traffic is assumed within the UE, when it comes to control channel multiplexing, handling of conflict traffic can be resolved by out-of-order scheduling. 
Under the assumption that multiple PUCCHs for HARQ-ACK within a slot is possible. This contribution addresses impacts resulting from flexible HARQ-ACK feedback. Feasibility of out-of-order scheduling and necessary enhancements of UE behaviour to support this mechanism are discussed. 
2.
Analysis 
In contrary to Rel. 15 UE. For Rel. 16 UE capable of out-of-order HARQ scheduling, when it is configured with both eMBB and URLLC HARQ-ACK transmission with different HARQ ID, each corresponds to different PDSCH transmissions. If scheduled unicast PDSCH transmission for eMBB comes before the scheduled unicast PDSCH transmission for URLLC, then due to urgency of URLLC traffic, it should be possible for UE to be triggered to send the HARQ-ACK for URLLC before the HARQ-ACK for eMBB.
UE’s behaviour and procedure for handling out-of-order HARQ-ACK transmission should be analysed in advance. 
2.1 Feasibility study of out-of-order HARQ-ACK transmission 
For any two HARQ process IDs with different latency requirement (ex: eMBB and URLLC) for the same UE and scheduled PDSCH transmission for eMBB comes before the scheduled PDSCH transmission for URLLC. If UE is scheduled to send the HARQ-ACK for URLLC before the HARQ-ACK for eMBB, three assumptions need to be considered.
Assumption A:  How to distinguish URLLC and eMBB traffic for different treatments from physical layer’s perspective?
Assumption B:  Availability of timely scheduled PUCCH resource for URLLC HARQ-ACK transmission 
Assumption C:  Additional processing time imposed on eMBB traffic procedure due to inserted URLLC traffic
For Assumption A, if UE can identify traffic type of URLLC or eMBB for PDSCH reception via DCI, HARQ IDs with respect to different traffic types can be handled differently based on out-of-order 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 for differentiation of MCS Table, this may reused for an implicit indication of targeted traffic for DL PDSCH and hence HARQ-ACK feedback. However, if the benefit of compact DCI for URLLC have been proved with URLLC specific DCI content, using DCI for traffic type differentiation can indicate more priority levels to distinguish more traffic types. 

Proposal 1:

Different treatments of URLLC and eMBB traffic can be identified by different RNTI if new DCI content for URLLC is not agreed.
Thanks to the agreement of more than one PUCCH for HARQ-ACK transmission within a slot. There could be more resources available for HARQ transmission. However, if PUCCH resources are shared among eMBB and URLLC, it cannot be guaranteed that PUCCH resource for URLLC is always available, some of PUCCH resources could have been occupied for eMBB and the remnants are not suitable for low latency service. Assumption B only valid if available PUCCH resource for URLLC HARQ can meet latency requirement. Some prioritization/preemption mechanisms among HARQ resource within a slot is therefore necessary to address this issue.  
Observation1:

Prioritization/preemption mechanisms among HARQ resource within a slot is necessary for out-of-order HARQ-ACK transmission.
As for condition C, if increased processing time of eMBB traffic caused by inserting prioritized URLLC traffic upon existing eMBB traffic can still meet modified processing time, eMBB HARQ-ACK can be transmitted accordingly. Otherwise feedback behavior of eMBB HARQ-ACK should be redefined due to URLLC traffic intervention.  
Observation2:

Feedback behavior of eMBB HARQ-ACK should be redefined due to URLLC traffic intervention.  
3 Solutions of flexible HARQ-ACK transmission
3.1 Ignoring eMBB traffic
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 is configured to be transmitted earlier than the eMBB. In view of UE’s capability to process both traffics simultaneously, a simple and straight forward way is allow UE to dismiss previously received eMBB data and redirect to decode later received URLLC data. In this case, only URLLC HARQ-ACK is transmitted and UE may transmit NACK or DTX for eMBB at the assigned PUCCH resource. 

In addition, in order to have a consistent solution of PDSCH multiplexing as well as HARQ-ACK multiplexing between URLLC and eMBB traffic, following solutions need to be discussed jointly with RAN2 IIoT study item on UL/DL intra-UE prioritization/multiplexing.
· Dismiss of eMBB PDSCH traffic due to out-of-order HARQ-ACK scheduling, i.e., dropping or pre-emption for prioritization. And UE transmit NACK or DTX for eMBB at the assigned PUCCH resource if PUCCH resources are not overlapped.
· Dismiss of eMBB HARQ-ACK due to reliability requirements of URLLC HARQ-ACK if PUCCH resource are overlapped. 
Proposal 2:

If out-of-order HARQ-ACK triggered, UE can dismiss early received eMBB PDSCH and transmit NACK or DTX at latter part of PUCCH resource within a slot.

Proposal 3:

Joint discussion with RAN2 IIoT study item on UL/DL intra-UE prioritization/multiplexing for multiplexing issue of PDSCHs or HARQ-ACKs transmission due to prioritization and flexible HARQ scheduling. 
3.2 Adjusting eMBB Processing Time
Previous solution relies on the availability of PUCCH resource for URLLC (i.e., Assumption B satisfied) while sacrificing eMBB’s performance caused by additional latency necessary for re-transmission. However, there could be cases that Assumption C can still 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 expected. Otherwise, eMBB HARQ-ACK transmission could be denied or postponed to later time location. 
· If it is denied, then NACK or DTX is transmitted for eMBB at the assigned PUCCH resource. 
· If it is postponed, 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.   
Proposal 4:

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 5:

eMBB HARQ-ACK transmission could be denied or postponed to a later time location if original PUCCH location cannot meet extended processing time.    
3.3 Assignment of more HARQ transmission occasions within a slot 
Increasing number of HARQ transmission occasions within a slot is beneficial for scheduling flexibility as well as preventing PUCCH resource blocking by eMBB traffics. For supporting multiple PUCCHs for HARQ-ACK within a slot, following assignment schemes can be considered.  
3.3.1 Increase bit length of ARI

A straight forward way to increase HARQ transmission occasions within a slot is to increase total number of PUCCH resources such that the symbol location of candidate PUCCH resource could cover as much positions as possible. However, this would expand ARI to more than 3 bits, which is not preferred especially if compact DCI design for URLLC is required for reliability enhancements. 
3.3.2 Increase bit efficiency of ARI and K1
Another way to increase number of HARQ occasions is to make the utilization of 3bits ARI and K1 more efficiently. When gNB schedules transmission location of PUCCH resource, it needs to consider UE capability regarding processing time latency. There could be some ARI values not suitable for candidates of PUCCH resource selection, i.e., ARI values of corresponding PUCCH resource only valid if time point of PUCCH resource is not earlier than overall latency added to the end of the last symbol of the PDSCH. Moreover, some ARI values may not feasible if the location of assigned PUCCH resources exceeds latency requirements of a specific URLLC application. In that sense, it’s reasonable to redefine 3-bit PDSCH-to-HARQ feedback timing indicator (K1) and 3-bit ARI as the time point relative to the last symbol of PDSCH. 
3.3.2 URLLC specific ARI and K1 configuration
Consider different latency requirement for eMBB and URLLC traffic, URLLC specific ARI and K1 candidates should be independently configured via RRC. In this way, settings of K1 and ARI could be more flexible to reflect processing time of selected capability as well as latency requirements of URLLC traffic. Accurate range of ARI and K1 narrows time window of possible PUCCH locations which on the other hands densifies PUCCH resource without increasing bits number of ARI and K1. Joint indication of ARI and K1 value using a common index allows more bit space for efficient indication. Alternatively, configurable ARI and K1 bit length with shared total bit size equals to the sum of ARI and K1 size in Rel. 15 can also be considered. For example, some values of K1 cannot satisfy URLLC’s latency constraint, in this case, some useless bits of K1 can be transferred to ARI for more dense PUCCH resource allocation within a slot, especially when non-slot based URLLC transmission is configured.  
3.3.2 URLLC-specific HARQ-ACK codebook
In addition to URLLC specific RRC PUCCH resource configurations, other PUCCH relevant configurations such as HARQ-ACK codebook and maximum code rate for various PUCCH format can be particularly designed for URLLC traffic. In this way, HARQ-ACK for URLLC and eMBB could be encoded separately using different PUCCH resource. As a result, even same PUCCH format selected for eMBB and URLLC HARQ-ACK transmission, maximum code rate can be defined differently using corresponding codebook considering different reliability requirements. 
If HARQ-ACKs are encoded separately for eMBB and URLLC, UE may transmit one PUCCH for eMBB and one PUCCH for URLLC in different symbols within a slot. Whenever out-of-order scheduling is triggered, earlier PUCCH resource reserved using low code rate for URLLC is always available. In this case, eMBB and URLLC can have separate PUCCH resource sets with individually defined PUCCH resources and PUCCH formats and using different HARQ-ACK codebooks with different configurations of maximum code rate.   
Proposal 6:

Separate PUCCH configurations for URLLC, such as PUCCH resource sets, HARQ-ACK codebooks and maximum code rate should be supported.
3. Conclusion
We have the following observations and proposals regarding out-of-order scheduling. 
Observation1:

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

Feedback behavior of eMBB HARQ-ACK should be redefined due to URLLC traffic intervention.
Proposal 1:

Different treatments of URLLC and eMBB traffic can be identified by different RNTI if new DCI content for URLLC is not agreed.

Proposal 2:

If out-of-order HARQ-ACK triggered, UE can dismiss early received eMBB PDSCH and transmit NACK or DTX at latter part of PUCCH resource within a slot.

Proposal 3:

Joint discussion with RAN2 IIoT study item on UL/DL intra-UE prioritization/multiplexing for multiplexing issue of PDSCHs or HARQ-ACKs transmission due to prioritization and flexible HARQ scheduling.
Proposal 4:

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 5:

eMBB HARQ-ACK transmission could be denied or postponed to a later time location if original PUCCH location cannot meet extended processing time.
Proposal 6:

Separate PUCCH configurations for URLLC, such as PUCCH resource set, HARQ-ACK codebooks and maximum code rate should be supported.
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