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According to the discussion on the CG harmonization for NR-U and IIOT in the RAN2#112e meeting, RAN2 made the following agreements [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.
· cg-RetransmissionTimer can be configured optionally for shared spectrum
· When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
· When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.
· As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.
· HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.
· When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
· FFS if LCH based prioritization can be configured with cg-RetransmissionTimer.
· 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.
· 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).


In this contribution we provide our understandings on how to allow the retransmission of the MAC PDU which is de-prioritized or encounters an LBT failure.
Discussion
In this section, we provide our understandings on the cases when LBT failure happens on the (re)-transmission of the prioritized grant or on the autonomous retransmission of the deprioritized grant. According to the Rel-16 IIOT UE behaviours for the grant prioritization, the MAC would use the uplink grant with higher priority for either new/re- transmission. If an MAC PDU is deprioritized, the UE will autonomously select the next available UL grant of the same HARQ process from the same configuredGrantConfig to retransmit the deprioritized MAC PDU. According to the Rel-16 NR-U, the UE starts the cg-RetransmissionTimer when the MAC PDU is transmitted in PHY without LBT failure, and retransmits the MAC PDU via any configuredGrantConfig sharing the same HARQ process and the same TBS when the cg-RetransmissionTimer the expires. The UE is also allowed to retransmit the MAC PDU in the next available UL grant via any configuredGrantConfig sharing the same HARQ process and the same TBS when the LBT failure happens for the transmission of the MAC PDU.
Even when the cg-RetransmissionTimer is not configured for the NR-U, the UE could still encounter the LBT failure although the LBT failure rate is low. 
Simultaneous configuration of lch-BasedPrioritization and cg-RetransmissionTimer
From our understanding, when the lch-BasedPrioritization is configured, the gNB by implementation can decide whether to configure the cg-RetransmissionTimer. For example, if the LBT failure rate is relatively high, the cg-RetransmissionTimer may need to be configured to allow the UE to have faster retransmission by selecting any CG resource and any HARQ process ID. If the LBT failure rate is very low, the gNB can decide not to configure the cg-RetransmissionTimer to transmit the PUSCH without UCI indicating the HARQ ID/RV, which could save some PRBs for UCI and improve the coverage of the PUSCH.
Proposal 1: The cg-RetransmissionTimer is optional when the lch-BasedPrioritization is configured.

LCH based priority for retransmission
According to the company contributions provided in the RAN2#112e meeting, it seems that companies have different understandings on whether the retransmission of lower priority grant is also de-prioritized in NR-U according to the current specification of TS 38.321 [2]. From our understanding, the UE should be able to (de-)prioritize a new/re- transmission grant when the lch-BasedPrioritization is configured, regardless of whether the cg-RetransmissionTimer is configured or not. This means that the retransmission of a CG should not be always prioritized.
Proposal 2: Either the new transmission or the retransmission of a CG can be (de-)prioritized based on the LCH priority when lch-basedPrioritization is configured, regardless of whether the cg-RetransmissionTimer is configured or not.

UE behaviours of the configuredGrantTimer
When the lch-basedPrioritization is configured, we think that the UE behaviours on the configuredGrantTimer should be kept the same as the Rel-16 NR-U, regardless of whether the cg-RetransmissionTimer is configured or not.
For the configuredGrantTimer, we think that the UE should not start the configuredGrantTimer for the HARQ new transmission (i.e. via the configuredGrantConfig) when the MAC PDU of the HARQ new transmission has LBT failure or de-prioritized, so as to allow the UE to select the next CG for retransmission as the Rel-16 NR-U. 
Given that the same HARQ process as used in the configuredGrantConfig could also be used via the C-RNTI scheduling, the UE should start the configuredGrantTimer when the HARQ process of CG is used via the C-RNTI scheduling no matter whether this transmission is deprioritized or has LBT failure, to avoid the CG overrides the HARQ process used by the C-RNTI, as the Rel-16 NR-U.
For the retransmission via the CS-RNTI scheduling, the UE could also follow the Rel-16 behaviours of starting the configuredGrantTimer only when the transmission does not encounter a LBT failure.
Regarding the (re-)activation of the CG via the CS-RNTI scheduling, we think that the UE should stop the running configuredGrantTimer as Rel-15, so as to allow the UE to select the HARQ process corresponding to the configuredGrantTimer for new transmission. 
When the DFI (Downlink Feedback Information) is received via for the HARQ process with running configuredGrantTimer, the UE should stop the configuredGrantTimer to allow using the HARQ process for new transmission in CG as Rel-16 NR-U.
Proposal 3: RAN2 is kindly requested to confirm the following UE behaviours for the configuredGrantTimer when the lch-basedPrioritization is configured and no matter whether the cg-RetransmissionTimer is configured or not:
· The UE starts the configuredGrantTimer only when the HARQ new transmission via CG is prioritized and does not have LBT failure, as Rel-16 NR-U.
· The UE always starts the configuredGrantTimer when the C-RNTI PDCCH indicates either new transmission or retransmission for the corresponding HARQ process regardless of the LBT failure, as Rel-16 NR-U.
· The UE starts the configuredGrantTimer when the transmission of the HARQ process indicated the CS-RNTI retransmission does not have LBT failure, as Rel-16 NR-U.
· The UE stops the running configuredGrantTimer when the CS-RNTI PDCCH (re)activates the configured grant, as Rel-15.
· The UE stops the running configuredGrantTimer when DFI is received, as Rel-16 NR-U.
Configured grant with cg-RetransmissionTimer
When the cg-RetransmissionTimer is configured, the HARQ process number/RV is selected by the UE, and the HARQ processes could be shared by different configuredGrantConfig(s). Then for each retransmission, the UE should be allowed to use any CG configuration with the same HARQ process and the same TBS. 
As the intention of introducing the cg-RetransmissionTimer is to allow the UE to autonomously select a configured grant for retransmission when the configuredGrantTimer is still running. We think that the UE behaviours for the cg-RetransmissionTimer needs to be discussed case-by-case when the lch-basedPrioritization is configured. 
In Rel-16, the UE stops the cg-RetransmissionTimer when the C-RNTI PDCCH indicates a HARQ process corresponding to the cg-RetransmissionTimer, to allow the network to use the dynamic grant to override the HARQ processes used by the CG. 
For the retransmission indicated by the CS-RNTI PDCCH, the Rel-16 UE also stops the cg-RetransmissionTimer, to avoid the UE retransmits the same MAC PDU twice via both the CG and the CS-RNTI DG. 
For the CG (re)activation indicated by the CS-RNTI PDCCH, the UE stops the cg-RetransmissionTimer, as all of the CG(s) need to be initialized to allow new transmissions.
For the HARQ new/re- transmission of the CG, the UE should start the cg-RetransmissionTimer when the MAC PDU is prioritized and transmitted without LBT failure as Rel-16 NR-U, to allow the subsequent retransmission over the CG.
When the DFI indicates ACK for the HARQ process, the UE should stop the cg-RetransmissionTimer as Rel-16 NR-U. And the expiry of the configuredGrantTimer should also stop the running cg-RetransmissionTimer to avoid the unnecessary retransmission of the new MAC PDU (e.g. the retransmission of the new MAC PDU could be triggered too early.).
Proposal 4 RAN2 is kindly requested to confirm the following UE behaviours for the cg-RetransmissionTimer when the lch-basedPrioritization is configured:
· The UE stops the running cg-RetransmissionTimer when the C-RNTI PDCCH indicates a HARQ process corresponding to the cg-RetransmissionTimer, as Rel-16 NR-U.
· The UE stops the running cg-RetransmissionTimer when the CS-RNTI PDCCH indicates the retransmission of the corresponding HARQ process or the (re)activation of the CG, as Rel-16 NR-U.
· The UE starts the cg-RetransmissionTimer when the HARQ new/re- transmission via CG is prioritized and does not have LBT failure, as Rel-16 NR-U.
· The UE stops the running cg-RetransmissionTimer when the DFI indicates ACK, as Rel-16 NR-U.
· The UE stops the running cg-RetransmissionTimer when the configuredGrantTimer expires, as Rel-16 NR-U.

We could have the following uses cases for the NR-U configured grant and the LCH-based prioritization when the cg-RetransmissionTimer is configured:
· Case 1: Configured grant configured with cg-RetransmissionTimer
· Case 1.1: A prioritized new transmission encounters LBT failure.
· Case 1.2: A prioritized retransmission encounters LBT failure
· Case 1.3: An uplink grant selected for the deprioritized MAC PDU of new transmission encounters LBT failure.
· Case 1.4: An uplink grant selected for the deprioritized MAC PDU of retransmission encounters LBT failure.




Figure 1: Case 1.1 and Case 1.2: A prioritized new/re transmission encounters LBT failure when cg-RetransmissionTimer is configured
For Case 1.1 and Case 1.2, when a prioritized CG of new transmission or retransmission has LBT failure, the UE should be able to retransmit the MAC PDU in the next available CG with the same HARQ process and the same TBS, as the Rel-16 NR-U.
Proposal 5: When the cg-RetransmissionTimer is configured and when a prioritized MAC PDU of new transmission or retransmission has LBT failure, the UE retransmits the MAC PDU in the next available CG of the same HARQ process and the same TBS, as Rel-16 NR-U.  


Figure 2: Case 1.3 and Case 1.4: An uplink grant selected for the deprioritized MAC PDU of new/re- transmission encounters LBT failure when cg-RetransmissionTImer is configured
For Case 1.3 and Case 1.4, when a MAC PDU of new/re- transmission is deprioritized, the UE should be able to retransmit the MAC PDU in the next available CG with the same HARQ process and the same TBS as the Rel-16 NR-U to allow the faster retransmission of the deprioritized MAC PDU. After selecting the next available CG for the retransmission of the de-prioritized MAC PDU, if the retransmission of the deprioritized MAC PDU is not deprioritized again (i.e. prioritized) and has LBT failure, we think that the UE should also try retransmission by using the subsequent available CG with the same HARQ process and the same TBS as the Rel-16 NR-U.
Proposal 6: When the cg-RetransmissionTimer is configured and when a MAC PDU of new transmission or retransmission is deprioritized, the UE retransmits the MAC PDU in the next available CG of the same HARQ process and the same TBS, as Rel-16 NR-U.

Configured grant without cg-RetransmissionTimer
We could have the following uses cases for the NR-U configured grant and the LCH-based prioritization when the cg-RetransmissionTimer is not configured:
· Case 2: Configured grant not configured with cg-RetransmissionTimer
· Case 2.1: A prioritized new transmission encounters LBT failure.
· Case 2.2: A prioritized retransmission encounters LBT failure.
· Case 2.3: An uplink grant selected for the deprioritized MAC PDU of new transmission encounters LBT failure.
· Case 2.4: An uplink grant selected for the deprioritized MAC PDU of retransmission encounters LBT failure.
When the cg-RetransmissionTimer is not configured, the HARQ process ID would be determined by the CG resource location and the HARQ RV of the CG is always RV0 of the HARQ new transmission. Although the UE is not able to use the UCI to indicate the HARQ process number and the RV, the CG transmission could still has LBT failure. Then the UE should be allowed to retransmit the dropped MAC PDU in the following CG with the same configured grant configuration and the same HARQ process, to align the HARQ process ID between the UE and the network. As the retransmission of the deprioritized MAC PDU in the CG is considered as HARQ new transmission in the Rel-16 IIOT, the Case 2.2 and Case 2.4 does not exist when we re-use the Rel-16 IIOT CG autonomous retransmission. To allow the UE retransmission due to the LBT failure when the cg-RetransmissionTimer is not configured, we think that RAN2 should firstly confirm the case that the UE could still encounters the LBT failure when the cg-RetransmissionTimer is not configured.
Proposal 7: RAN2 is kindly requested to confirm that the UE could have the LBT failure in the unlicensed frequency no matter whether the cg-RetransmissionTimer is configured or not.


Figure 3: Case 2.1: A prioritized new transmission encounters LBT failure when cg-RetransmissionTImer is not configured
For Case 2.1, as the prioritized MAC PDU could still has the LBT failure, if the UE does not retransmit the MAC PDU, the network is not able to know whether a MAC PDU is stuck in the HARQ buffer due to the potential uplink skipping or due to the LBT failure. We consider that the UE could retransmit the MAC PDU in the next available CG of the same configuredGrantConfig and the same HARQ process ID, as the Rel-16 IIOT.
Proposal 8: When the cg-RetransmissionTimer is not configured and when the prioritized MAC PDU has LBT failure, the UE retransmit the MAC PDU in the next available CG of the same configuredGrantConfig and the same HARQ process, as the Rel-16 IIOT.


Figure 4: Case 2.3: An uplink grant selected for the deprioritized MAC PDU of new transmission encounters LBT failure when cg-RetransmissionTImer is not configured
For Case 2.3, according to the Rel-16 IIOT autonomous retransmission of CG, the UE would re-transmit the de-prioritized MAC PDU of CG by selecting the next available CG of the same configured grant configuration and the same HARQ process. Then if the retransmission of the de-prioritized MAC PDU is not deprioritized again (i.e. prioritized) and has LBT failure, the UE should be allowed to retransmit the same MAC PDU again in the subsequent CG of the same configured grant configuration and the same HARQ process, to avoid the loss of the pending MAC PDU. As the LBT failure rate would be very low when the cg-RetransmissionTimer is not configured, there is no need to specify the number of the autonomous retransmission due to the LBT failure. The UE autonomous retransmission behaviours for the Case 2.3 are already covered by the above proposal, as only HARQ new transmission is used for the Rel-16 IIOT autonomous retransmission of CG.

Conclusions
According to the analysis given above, we consider that the cg-RetransmissionTimer can be configured optionally based on the gNB implementation (e.g. depending on the LBT failure rate), when the lch-BasedPrioritization is configured. The proposals based on the above analysis are summarized as follows. From our understandings, the third bullet of Proposal 4 and Proposal 5/6/8 may need some changes in the specification. 
Proposal 1: The cg-RetransmissionTimer is optional when the lch-BasedPrioritization is configured.
Proposal 2: Either the new transmission or the retransmission of a CG can be (de-)prioritized based on the LCH priority when lch-basedPrioritization is configured, regardless of whether the cg-RetransmissionTimer is configured or not.
Proposal 3: RAN2 is kindly requested to confirm the following UE behaviours for the configuredGrantTimer when the lch-basedPrioritization is configured and no matter whether the cg-RetransmissionTimer is configured or not:
· The UE starts the configuredGrantTimer only when the HARQ new transmission via CG is prioritized and does not have LBT failure, as Rel-16 NR-U.
· The UE always starts the configuredGrantTimer when the C-RNTI PDCCH indicates either new transmission or retransmission for the corresponding HARQ process regardless of the LBT failure, as Rel-16 NR-U.
· The UE starts the configuredGrantTimer when the transmission of the HARQ process indicated the CS-RNTI retransmission does not have LBT failure, as Rel-16 NR-U.
· The UE stops the running configuredGrantTimer when the CS-RNTI PDCCH (re)activates the configured grant, as Rel-15.
· The UE stops the running configuredGrantTimer when DFI is received, as Rel-16 NR-U.
Proposal 4 RAN2 is kindly requested to confirm the following UE behaviours for the cg-RetransmissionTimer when the lch-basedPrioritization is configured:
· The UE stops the running cg-RetransmissionTimer when the C-RNTI PDCCH indicates a HARQ process corresponding to the cg-RetransmissionTimer, as Rel-16 NR-U.
· The UE stops the running cg-RetransmissionTimer when the CS-RNTI PDCCH indicates the retransmission of the corresponding HARQ process or the (re)activation of the CG, as Rel-16 NR-U.
· The UE starts the cg-RetransmissionTimer when the HARQ new/re- transmission via CG is prioritized and does not have LBT failure, as Rel-16 NR-U.
· The UE stops the running cg-RetransmissionTimer when the DFI indicates ACK, as Rel-16 NR-U.
· The UE stops the running cg-RetransmissionTimer when the configuredGrantTimer expires, as Rel-16 NR-U.
Proposal 5: When the cg-RetransmissionTimer is configured and when a prioritized MAC PDU of new transmission or retransmission has LBT failure, the UE retransmits the MAC PDU in the next available CG of the same HARQ process and the same TBS, as Rel-16 NR-U.  
Proposal 6: When the cg-RetransmissionTimer is configured and when a MAC PDU of new transmission or retransmission is deprioritized, the UE retransmits the MAC PDU in the next available CG of the same HARQ process and the same TBS, as Rel-16 NR-U.
Proposal 7: RAN2 is kindly requested to confirm that the UE could have the LBT failure in the unlicensed frequency no matter whether the cg-RetransmissionTimer is configured or not.
Proposal 8: When the cg-RetransmissionTimer is not configured and when the prioritized MAC PDU has LBT failure, the UE retransmit the MAC PDU in the next available CG of the same configuredGrantConfig and the same HARQ process, as the Rel-16 IIOT.
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