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1. Introduction 
In the User-plane Open Issues discussion [1], the following was identified as an open issue:
	1.  DRX Impact of enhanced HARQ feedback (SPS HARQ ACK deferral, Enhanced type 3 codebook, one-shot HARQ ACK retransmission, PUCCH cell switching) [R2-2200321, R2-2201131/2, R2-2201373]

- Whether to enhance DRX features to support the one-shot feedback, especially HARQ RTT Timer control. RAN2 should first focus whether Rel-17 RAN1 features require RAN2 spec change.

- If RAN2 agreed to support, RAN2 should decide whether a unified solution covering both R16 and R17 one-shot feedback or only R17 enhancement. 


2. DRX Impact of Enhanced HARQ Feedback
As earlier proposed in [2] and discussed in Rel 16 [3] in RAN2 #115e, in the existing specification, drx-HARQ-RTT-TimerDL is started when PDCCH indicates a DL transmission. In NR-U, the UE can also receive a PDCCH without any DL transmission, but which includes a “One-shot HARQ-ACK request” which triggers a Type-3 HARQ feedback.   

The UE behavior for Type-3 HARQ feedback is captured in 38.213 9.1 as follows:
	If a UE is provided pdsch-HARQ-ACK-OneShotFeedback and the UE detects a DCI format in any PDCCH monitoring occasion that includes a One-shot HARQ-ACK request field with value 1

-
the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4

-
the UE does not expect that the PDSCH-to-HARQ_feedback timing indicator field of the DCI format provides an inapplicable value from dl-DataToUL-ACK-r16


Since drx-HARQ-RTT-TimerDL controls the the “minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity” after the UE sends the HARQ feedback, it is logical that the timer should also start after sending a Type-3 HARQ feedback.

Observation 1: RAN2 needs to enhance DRX features to support the one-shot feedback, especially HARQ RTT Timer control.
In Rel-17, the one-shot HARQ-ACK can be requested at HARQ process level. In other words, the gNB can ask the UE to send ACK/NACK feedback for a set of HARQ processes. In legacy NR, the UE starts the RTT timer when it sends a HARQ feedback for that HARQ process. Then, it is logical that the UE should start the RTT timer when the feedback is sent for the requested HARQ process for one-shot HARQ feedback.
Proposal 1: For Rel-17 one-shot HARQ feedback, the UE starts the drx-HARQ-RTT-TimerDL for each HARQ process requested in the DCI.
It was clarified by the Chair in the Agenda that one-shot feedback for NR-U will be discussed along with the above Rel-17 enhanced version with “NR17 IIOT taking into account R2 116-e agreement for R2-2110948”. This can allow RAN2 to come up with consistent solutions for both Rel-16 NR-U and Rel-17 versions of one-shot HARQ feedback.

The referred agreement by the Chair in RAN2#116-e is captured in the Chair Notes as follows:

R2-2110948  DRX HARQ RTT timer for one-shot HARQ feedback LG Electronics Deutschland   discussion        Rel-16  38.321  NR_unlic-Core
· There is support in R2 to specify in Rel-17 enhanced handling of one-short HARQ feedback request, to as baseline support that the UE, upon reception of a one-shot HARQ feedback request, starts a drx-HARQ-RTT-TimerDL in the first symbol after the end of the request. FFS if a new drx-HARQ-RTT-TimerDL separate for one-shot HARQ feedback or select one drx-HARQ-RTT-TimerDL corresponding to one of the HARQ processes configured for uplink
The main difference of Rel-16 NR-U is the lack of per HARQ process control. Thus, the UE sends HARQ feedback for all the HARQ processes. A logical extension of Proposal 1 to NR-U would be to start the RTT timer for all the HARQ processes. When the topic was discussed in RAN2#116-e, some companies argued that this may not be optimal since the gNB will not be able to schedule any transmission when RTT timer is running for all the HARQ processes. We note that this may not be real problem in current deployments where gNBs usually configure the RTT timer to be zero. Even if RTT timer is configured to 1-2 ms by a gNB, the loss of efficiency is probably not significant since there will be other UEs in the system with data. If that is not the case and this UE is the only one with data, not scheduling for a few ms will not impact the UE’s throughput since the UE is in DRX anyway.

However, given that there was a desire in RAN2#116-e to further optimize Rel-16 NR-U and start the RTT timer for only “active” HARQ processes (i.e. not for the ones without any ongoing HARQ transmissions), RAN2 can down-select between options for identifying such HARQ processes. 

Proposal 2: For Rel-16 NR-U, the UE starts the RTT timer for the “active” HARQ processes. It is FFS how “active” HARQ processes can be identified. 
Also, for one-shot HARQ-ACK retransmissions, the UE should also start the drx-HARQ-RTT-TimerDL even if its already running to keep a consistent behavior between the UE and gNB.
Proposal 3: UE should start drx-HARQ-RTT-TimerDL for the HARQ processes when it receives a DCI requesting re-transmission of Type-3 HARQ feedback.   

 Efficient RRC Representation of HARQ 3 CB
During the RAN1 #107e meeting [4], the following was agreed to in RAN1 regarding RRC configuration options of Enhanced Type 3 HARQ-ACK CB:
	Agreement
One enhanced Type 3 HARQ-ACK codebook is RRC configured either as:

· a subset of CC, i.e., all HARQ processes of the subset of CCs are part of the codebook, OR

pdsch-HARQ-ACK-enhType3perCC

Configure the one enhanced Type 3 HARQ-ACK codebook using per CC configuration

(1..maxNrofServingCells) of Integer (0,1)

· a subset of configured HARQ processes per CC, i.e., different subsets of HARQ processes can be configured for each CC.

pdsch-HARQ-ACK-enhType3perHARQ
Configure the one enhanced Type 3 HARQ-ACK codebook using a per HARQ process and CC configuration
(1..maxNrofServingCells) of Bit String (Size (16))



Regarding Type 3 HARQ CB construction, for IIoT applications, it is important for RAN2 to ensure that the operation has low overhead, i.e., the Type 3 HARQ CB construction does not incur too much RRC signalling, since a large RRC messages may not have high enough reliability required for the application.

For example, consider a UE with 4 CCs and 16 HARQ Processes per CC, hence in all there are 64 HARQ Processes. In case the network wants to provide full flexibility in terms of Rel. 17 Type 3 HARQ CB construction, then, for each Rel. 17 Type 3 HARQ CB, there is a need for a bitmap equal to 64 bits. If the UE supports 8 Rel. 17 Type 3 HARQ CBs, then, there is a need of 512 bits. In case the network wants to offer some flexibility by allowing different HARQ Process IDs within a given CC, then, there is a need to indicate both:

-CC ID

-bitmap per CC
Obviously, this would be unnecessarily high RRC overhead, that complicates the operation of the feature. 
Observation 2: Bitmap RRC Type 3 HARQ CB representations have very high signalling overhead not appropriate for IIoT deployments with little justification in terms of flexibility.
In our view, RAN2 should discuss the issue to ensure the feature is available with acceptable RRC overhead.

Proposal 4: RAN2 to discuss low-overhead RRC representations of Type 3 HARQ CBs. 

As two alternatives, we offer two options to ensure acceptable signalling overhead for Rel-17 Type 3 CBs in the next proposal:
Proposal 5: Each RRC Configured Rel. 17 Type 3 HARQ CB is defined by

· Option 1:
i)
The list of CC

ii)
Starting HARQ Process ID (per CC)

iii)
Size (per CC)

In case of consecutive HARQ Process Reported. 

· Option 2:
An equal split of the “HARQ Process IDs space” into N equally sized Rel. 17 Type 3 HARQ CBs. N is the total number of configured Rel. 17 Type 3 HARQ CBs.

For option 1, in the example above, the RRC field for representing 8 Rel. 17 Type 3 HARQ CBs is equal to 96 bits (8 * (4+4+4). For option 2, if a number N of such preconfigured options is allowed, then log2(N) bits is sufficient.

More details regarding the pros/cons of each option as well as other possible RRC representations or configurations can be further discussed once RAN2 takes up the issue. 
Conclusion
Observations and proposals from the above discussion are copied below.
Observation 1: RAN2 needs to enhance DRX features to support the one-shot feedback, especially HARQ RTT Timer control.

Proposal 1: Add the condition of Type-3 HARQ feedback transmission for starting drx-HARQ-RTT-TimerDL.
Proposal 2: For Rel-16 NR-U, the UE starts the RTT timer for the “active” HARQ processes. It is FFS how “active” HARQ processes can be identified. 
Proposal 3: UE should start drx-HARQ-RTT-TimerDL for the HARQ processes when it receives a DCI requesting re-transmission of one-shot HARQ feedback.   

Observation 2: Bitmap RRC Type 3 HARQ CB representations have very high signalling overhead not appropriate for IIoT deployments with little justification in terms of flexibility.
Proposal 4: RAN2 to discuss low-overhead RRC representations of Type 3 HARQ CBs. 

Proposal 5: Each RRC Configured Rel. 17 Type 3 HARQ CB is defined by

· Option 1:
i)
The list of CC

ii)
Starting HARQ Process ID (per CC)

iii)
Size (per CC)

In case of consecutive HARQ Process Reported. 

· Option 2:
An equal split of the “HARQ Process IDs space” into N equally sized Rel. 17 Type 3 HARQ CBs. N is the total number of configured Rel. 17 Type 3 HARQ CBs.
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