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1 Introduction 
In RAN#88 meeting, the WID for Unlicensed Controlled Environments (UCE) has been described as follows:

RAN2#112e has discussed this objective and reached the following agreements:

Agreements:
From RAN2 perspective
1 
It is assumed that LBT failures only happen infrequently in UCE (unlicensed controlled environment).  A formal definition of UCE and its relationship to semi-static or dynamic access mode is not necessary in RAN2 specifications.

2
cg-RetransmissionTimer can be configured optionally for shared spectrum

3
When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.

4
When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.
5
As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.

6
HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.

7
FFS if LCH based prioritization can be configured with cg-RetransmissionTimer
8
The assumption for Rel-16 is that the network will not configure autonomousTx and cg-RetransmissionTimer simultaneously per cell.  No optimizations will be pursued to allow the two features be configured together in Rel-16.  No CR is needed for this for now.

9
If a configured grant is deprioritized and/or gNB didn’t get it (e.g. LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)
We follow-up on those agreements and present our proposals regarding CG harmonization.
2 Discussion 

2.1 Harmonizing CG when Re-tx timer is not configured 
When CG retransmission is enabled, HARQ process ID as well as RVID are determined by the UE and signalled in UCI. Furthermore, the downlink feedback ACK/NACK in response to the CG packet is transmitted as DFI. One question is how to do HARQ ID determination and RV selection when cg-RetransmissionTimer is not configured. The agreement stated that the URLLC method may be used. 

Observation 1: RAN 112e agreements did not specify how HARQ ID determination and RV selection should be done when cg-RetransmissionTimer is not configured.

This leaves the door open for other methods as well, specifically, UCI can still be beneficial to allow the UE to select HARQ process and RV. We note that UCI is very likely to be used for uplink COT sharing in FBE in Rel-17 and thus keeping the HARQ ID and RV ID will come for free. Therefore, just like retransmission timer, it can be configured optionally.

We summarize the possible options when retransmission timer is configured vs not configured in Table below.

	CG features
	Re-transmission timer NOT configured
	Retransmission Timer Configured

	HARQ Process ID determination
	CG-UCI Configurable
	In CG-UCI

	Sharing HARQ ID among multiple CG configurations
	CG-UCI Configurable
	Yes

	RV determination 
	CG-UCI Configurable
	In CG-UCI

	Repetition scheme(s)
	Type A/B 
	Multiple TB

	CG-Downlink feedback information (DFI)
	No
	Yes 

	CG automatic Re-transmission scheme
	No
	Yes

	
	
	


Based on the above table, RAN2 can confirm:
Proposal 1: CG-UCI can be configured optionally for UCE when cg-RetransmissionTimer is not configured to allow for HARQ Process ID determination, HARQ sharing, and RV determination to follow Rel 16 NR-U procedures.

Proposal 2: If CG-UCI is not configured, HARQ Process ID determination follows the procedure of Rel 16 URLLC. 
2.2 Simaltanuous Configuration of CG Retransmission timer and Autonomous Transmission in UCE
In RAN2#111e/RAN112e, it was discussed whether there was any issue when both retransmission timer and autonomous transmission are configured. It was agreed that:

8
The assumption for Rel-16 is that the network will not configure autonomousTx and cg-RetransmissionTimer simultaneously per cell.  No optimizations will be pursued to allow the two features be configured together in Rel-16.  No CR is needed for this for now.

9
If a configured grant is deprioritized and/or gNB didn’t get it (e.g., LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)
There were differing opinions on the issue with some proposals arguing that it is possible and useful to simultaneously configure both features, and proposals arguing that it is not useful to configure both. Some proposals went farther by outlining some adverse effects for the operation when both are configured [4]. Some of these proposals argued that one feature only, i.e., CG re-Tx timer OR autonomous Tx would be sufficient to handle both deprioritization and LBT failures. 

A careful look at the MAC spec shows that they can work together with some slight modifications. In particular, if a CG transmission is dropped due to de-prioritization, Rel-16 URLLC behaviour (for licensed operation) allows the UE to transmit this PDU at the next instance for this HARQ process. The only difference for NR-U is that the UE can select the next available and suitable CG occasion (considering other prioritization e.g., for retransmission and matching grant size) since NR-U allows the UE to use any HARQ process ID.

Assuming that CG re-Tx timer and autonomous Tx can be configured together, we note that there are two cases that need special attention:

1. Deprioritization of a PDU happens before the initial transmission: In this case neither cg-RetransmissionTimer or ConfiguredGrantTimer are running, thus, there is no issue, and the system behaves as expected.
2. Deprioritization of a PDU happens after initiating a transmission, either before the transmission is complete, before DFI-ACK is received or before the ConfiguredGrantTimer expires.

In the second case, there may be an issue since now cg-RetransmissionTimer timer is running and deprioritization is waiting for the next available CG for autonomous transmission. These two processes are not aware of each other and can cause multiple unwanted retransmissions. We also note that this issue was addressed in Rel 16 URLLC CG, e.g., CR in [5] addresses this issue for the ConfiguredGrantTimer, proposing to “stop CG timer when PUSCH is cancelled (due to e.g. intra-UE prioritization) and consider the transmission is not performed.”
We can follow that approach in the cg-RetransmissionTimer timer when a CG is cancelled due to deprioritization, precisely:

Proposal 3: cg-RetransmissionTimer is stopped when the corresponding MAC PDU is deprioritized.
The system will then follow the state diagram below:


                           CG (re)-Tx performed



                                     

         


Following the above diagram, we see that Proposal 3 fixes the issue by making sure that the deprioritized PDU does not keep the re-tx timer running, conversely, a running re-tx timer ensures a PDU is not deprioritized. 

As for some alternate proposals that both LBT failures and deprioritization be handled by one of the features (re-tx timer or autonomous Tx). We note that those features aim to solve different problems and are expected to be dimensioned in different ways for an optimized system. For example, Re-tx timer can be designed to exceed an RTT duration to make sure that the gNB is given a chance to receive, process, and transmit an ACK before deducing an LBT failure has happened and attempting a retransmission. Conversely, Autonomous Tx can be attempted in the next available CG which can be very different than the optimal CG re-tx duration, thus we conclude:

Observation 2: CG re-tx timer and Autonomous Tx address different issues in the system. Having one of them handling LBT failures and deprioritization would be limiting in terms of flexibility of the system and may lead to poor design.
Proposal 4: cg-RetransmissionTimer should be configured to handle LBT failures only.

Proposal 5: Autonomous Tx to be used only for recovery from deprioritization.
2.3 NR-U Prioritization of Retransmissions
The MAC spec 38.321[2] describes how UE handles re-transmissions in NR-U as follows:

In RAN2 112e, it was agreed to leave the configuration of LCH prioritization with cg-RetransmissionTimer FFS. It was also agreed that in Rel 17, that packets can be deprioritized when cg-RetransmissionTimer is configured. 
In RAN2#111e, it was proposed in [3] to further discuss this prioritization since this can prevent lower priority data retransmissions to block higher priority initial transmissions. This is not a preferred way of operation as delay sensitive traffic should always be given higher priority. We note that, due to the flexibility of HARQ operation, the pending retransmission can still be transmitted on other CG instances if delay sensitive traffic is given priority.
Observation 3: Rel 16 NR-U prioritization of re-transmissions might cause reversal of logical channel proprieties due prioritizing retransmissions.

Proposal 6: The prioritization between initial and retransmission on configured grants should take into account the logical channel priorities. The details are FFS.
Proposal 7: LCH based prioritization can be configured with cg-RetransmissionTimer.
3 Conclusion
Observations and proposals from the above discussion are copied below.
Observation 1: RAN 112e agreements did not specify how HARQ ID determination and RV selection should be done when CG re-tx timer is not configured.

Proposal 1: CG-UCI can be configured optionally for UCE when cg-RetransmissionTimer is not configured to allow for HARQ Process ID determination, HARQ sharing, and RV determination to follow Rel 16 NR-U procedures.

Proposal 2: If CG-UCI is not configured, HARQ Process ID determination follows the procedure of Rel 16 URLLC. 
Proposal 3: cg-RetransmissionTimer is stopped when the corresponding MAC PDU is deprioritized.

Observation 2: CG re-tx timer and Autonomous Tx address different issues in the system. Having one of them handling LBT failures and deprioritization would be limiting in terms of flexibility of the system and may lead to poor design.
Proposal 4: cg-RetransmissionTimer should be configured to handle LBT failures only.

Proposal 5: Autonomous Tx to be used only for recovery from deprioritization.
Observation 3: Rel 16 NR-U prioritization of re-transmissions might cause reversal of logical channel proprieties due prioritizing retransmissions.

Proposal 6: The prioritization between initial and retransmission on configured grants should take into account the logical channel priorities. The details are FFS.

Proposal 7: LCH based prioritization can be configured with cg-RetransmissionTimer.
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Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:


 Specify support for UE-initiated COT for FBE with minimum specification effort


 Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
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For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.








7 FFS if LCH based prioritization can be configured with cg-RetransmissionTimer









