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1. Introduction

In the last RAN2 meeting, a group of agreements have been achieved for uplink enhancements for URLLC in UCE, which are excerpted as follows [1]:
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)
There are still some FFS points left. In this paper, we will make further analysis on these unsolved issues and give our proposals.
2. Discussion
2.1 Simultaneous configuration of LCH based prioritization and cg-RetransmissionTimer
In RAN2#111-e meeting, one issue discussed is whether IIoT autonomous transmission can be configured together with NR-U cg-RetransissionTimer. However, it’s found in Rel-16 IIoT, there is a prerequisite for autonomous transmission, i.e. LCH based prioritization. Thus, we can first discuss whether LCH based prioritization and cg-RetransmissionTimer can be configured together.
Observation 1: In Rel-16 IIoT, lch-BasedPrioritization is the prerequisite of AutonomousTx.
In Rel-16 IIoT, LCH based prioritization has been introduced for MAC layer in the Intra-UE prioritization feature. When LCH based prioritization is configured for a UE, the UE shall determine the priority of each uplink grant based on the highest priority among priorities of logical channels with data available. The primary intention is to assist the UE to prioritize uplink grant for data transmission from overlapping uplink grants. The function is beneficial to fulfil the service requirements of URLLC.
However, cg-RetransmissionTimer is uniquely introduced for NR operation with shared spectrum. In NR-U, if a MAC PDU has been generated for a CG occasion but LBT fails, the MAC PDU cannot be transmitted on the CG. Since uplink skipping is mandatory for CG in NR, when no data is received on a CG occasion, the network has no idea whether a MAC PDU has been generated but LBT fails or the CG occasion has been skipped due to no available data for transmission. Cg-RetransmissionTimer enables MAC PDU retransmission using follow-up CG occasions when previous transmission(s) on CG encounters LBT failure or LBT succeeds but transmission fails, e.g. no DFI-ACK/scheduled retransmission is received from the network. To some extent, the NR-U cg-RetransmissionTimer can improve the reliability of data transmission on CGs configured on unlicensed spectrum.
It can be found that LCH based prioritization and cg-RetransmissionTimer are designed from different perspectives and for resolving issues in different situations. LCH based prioritization is intended for grant selection among colliding uplink grants. While cg-RetransmissionTimer is used to control whether a subsequent CG can be used for the retransmission of a TB stored in a HARQ process. 

Observation 2: LCH based prioritization is used for overlapping grants handling, while cg-RetransmissionTimer is intended for retransmission handling on CGs.
Right now, we are discussing how to support URLLC/IIoT services on unlicensed spectrum. Obviously, we will not exclude eMBB services from using unlicensed spectrum. When URLLC and eMBB coexist on unlicensed spectrum, we think it is preferred to configure LCH based prioritization for the UE, in order to fulfil URLLC’s performance requirements. Besides, if CG is used in UCE, NR-U cg-RetransmissionTimer can improve the transmission reliability on CGs. Based on the above consideration, we think LCH based prioritization can be configured together with cg-RetransmissionTimer in UCE.
Proposal 1: LCH based prioritization can be configured together with cg-RetransmissionTimer in UCE.
In Rel-16, autonomous transmission is designed to transmit the MAC PDU generated for a de-prioritized CG occasion by using a next CG occasion associated with the same HARQ process. An uplink grant can be determined as ‘prioritized’ or ‘de-prioritized’ based on the condition that LCH based prioritization is configured for the UE. In Rel-17 IIoT, we think the principle that lch-BasedPrioritization is the prerequisite of AutonomousTx shall be followed.
Proposal 2: In Rel-17 IIoT, the principle that lch-BasedPrioritization is the prerequisite of AutonomousTx shall be followed.
2.2 Simultaneous configuration of AutonomousTx and cg-RetransmissionTimer
Then the next issue needs to be discussed is whether AutonomousTx can be configured with cg-RetransmissionTimer together for a CG, in case that lch-BasedPrioritization is configured for the UE. In the last RAN2 meeting, it was agreed that when cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID selection, i.e. UE implementation selects an HARQ process for each CG occasion. Otherwise, Rel-16 URLLC mechanism is used. 
Case 1: only AutonomousTx is configured

If only AutonomousTx is configured for a CG, the network has a prior knowledge of which HARQ process is used for each CG occasion, according to the equations specified in TS 38.321 [2]. In Rel-16 IIoT, LBT failure has not been considered for autonomous transmission scheme at all. If LBT failure occurs for a CG occasion, the generated MAC PDU cannot be transmitted. The result is the same as the case where a MAC PDU is generated for a CG but the CG is then deprioritized. A unified UE behaviour can be considered to avoid packet loss. When it comes for Rel-17 URLLC on unlicensed spectrum, a reasonable enhancement for IIoT autonomous transmission could be that a CG transmission terminated by LBT failure is treated as a de-prioritized CG. If the network receives nothing on a CG occasion, e.g. possibly due to LBT failure or the grant being de-prioritized, the network can flexibly choose to schedule a dynamic retransmission opportunity for the HARQ process associated with the CG if needed, e.g. when the CG is used to serve a delay-critical service as shown in the following Fig.1. On the other hand, if the service associated with the CG is not that delay-critical, the network can also rely on autonomous transmission scheme, as illustrated in the following Fig.2. 
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Fig.1 Illustration of dynamic scheduling for a CG encountering LTB failure
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Fig.2 Illustration of Autonomous transmission for a CG encountering LTB failure
Case 2: only cg-RetransmissionTimer is configured

If only cg-RetransmissionTimer is configured for a CG in case that lch-BasedPrioritization is configured for the UE, UE implementation selects an HARQ process for a CG occasion. NR-U autonomous retransmission can be triggered based on the LBT result. If LBT fails for a CG, the UE can trigger autonomous retransmission immediately using a subsequent CG occasion. Otherwise, the cg-RetransmissionTimer associated with the HARQ process will be started, and the UE can trigger autonomous retransmission for the TB stored in the HARQ process when the associated cg-RetransmissionTimer expires. In Rel-16 NR-U, how to treat a de-prioritized grant is not studied. If a MAC PDU is generated for a CG occasion, but the CG is de-prioritized before its LBT test, it seems the UE may not perform LBT test for such a de-prioritized grant. Then NR-U autonomous retransmission cannot be triggered for such case. For Rel-17 URLLC in UCE, we think a rational improvement for NR-U autonomous retransmission is that a de-prioritized CG can be viewed as a CG occasion encountering LBT failure. If no MAC PDU is received on a CG occasion, e.g. due to LBT failure or the CG is de-prioritized, the network can only rely on UE’s autonomous retransmission to avoid packet loss, as shown in the following Fig.3. 
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Fig.3 Illustration of Autonomous retransmission for a deprioritized CG
Case 3: both AutonomousTx and cg-RetransmissionTimer are configured

If both AutonomousTx and cg-RetransmissionTimer are configured for a CG, according to the achieved agreement, Rel-16 NR-U mechanism is used for HARQ process selection. The UE’s internal processing seems much more complicated than the above two cases. The possible UE behaviours are shown in the following table.
Table-I Possible UE behaviours when both AutonomousTx and cg-RetransmissionTimer are configured
	Cases
	UE behaviour

	A MAC PDU is generated for a CG but the CG is de-prioritized before transmission.
	IIoT autonomous transmission is triggered. 

The generated MAC PDU can be transmitted using the next CG occasion associated with the same HARQ process. In this case, UE implementation selects which CG occasion is the next CG occasion associated with the HARQ process, and the transmission on the selected next CG occasion is treat as a new transmission.

	CG is prioritized and LBT fails.
	NR-U autonomous retransmission is triggered.

The MAC PDU generated for the CG can be retransmitted on a follow-up CG occasion immediately.

	CG is prioritized and LBT succeeds.
	NR-U autonomous retransmission is triggered.
The MAC PDU generated for the CG can be retransmitted on a follow-up CG occasion after a duration of cg-RetransmissionTimer.

	A MAC PDU is generated for a CG but the CG is de-prioritized during transmission (the CG transmission is not completely performed).
	According to NR-U autonomous retransmission, the MAC PDU can be retransmitted after a duration of cg-RetransmissionTimer because of successful LBT.

However, according to IIoT autonomous retransmission, the MAC PDU can be immediately transmitted using a next CG because the previous CG is de-prioritized, and the transmission is viewed as new transmission.
In such case, one way forward shall be selected according to further evaluation and comparison. Specification efforts are foreseen to implement the combined configuration of AutonomousTx and cg-RetransmissionTimer.


Based on above analysis, it can be found the UE behaviour is quite complicated if both AutonomousTx and cg-RetransmissionTimer are configured for a CG. Under some conditions, the transmission using the next CG is modelled as new transmission. While under some other conditions, the transmission using the next CG shall be viewed as retransmission. Implementation complexity may incur for the UE, yet technically speaking, such a combined configuration makes no different results other than that with only AutonomousTx configuration or only cg-RetransmissionTimer configuration. Besides, the current specification texts cannot be directly reused since some contradictions still need to be solved. Considerable standardization efforts are needed. Based on the above analysis, we think in UCE, AutonomousTx shall not be configured together with cg-RetransmissionTimer simultaneously per CG.
Proposal 3: In UCE, AutonomousTx is not configured simultaneously with cg-RetransmissionTimer per CG.
2.3 Discussion about UE’s autonomous (re-)transmission mechanism
In this section, we will discuss how to enable UE’s autonomous transmission if a CG is deprioritized or encounters LBT failure. Based on the above discussion, we will focus on two different situations, i.e. a CG is configured only with cg-RetransmssionTimer and a CG is configured only with AutonomousTx respectively.
2.3.1 CG is configured only with cg-RetransmissionTimer
In NR-U, the pending/not-pending status as well as the running state of the configuredGrantTimer of a HARQ process controls whether a configured grant associated with the HARQ process shall be used for new transmission or autonomous retransmission, which can be found from the following text excerpted from MAC spec:
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:

1>
if the MAC entity is configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response for this Serving Cell or with the PUSCH duration of a MSGA payload; or
1>
if the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell or with the PUSCH duration of a MSGA payload:

2>
set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

2>
if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured (i.e. new transmission):

3>
consider the NDI bit for the corresponding HARQ process to have been toggled;

3>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

2>
else if the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running, then for the corresponding HARQ process:

3>
if the configuredGrantTimer is not running, and the HARQ process is not pending (i.e. new transmission):
4>
consider the NDI bit to have been toggled;

4>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

3>
else if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a configured uplink grant (i.e. retransmission on configured grant):

4>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


Observation 3: The pending/not-pending status as well as the running state of the configuredGrantTimer of a HARQ process controls whether a configured grant associated with the HARQ process shall be used for new transmission or autonomous retransmission.
In NR-U, how to treat a de-prioritized grant is not studied. We need to enable UE’s autonomous retransmission for a de-prioritized CG in case LCH based prioritization is configured. Specifically, when LCH based prioritization is configured, a CG occasion can be deprioritized before the transmission starts, or during the transmission.
First of all, for a CG intended for new transmission, if the CG is de-prioritized before its transmission, we think LBT test is not performed. In such case, the configuredGrantTimer as well as the cg-RetransmissionTimer associated with the HARQ process haven’t been started, and the HARQ process is still considered as not pending. But such combination of timer states and pending/not-pending status doesn’t allow autonomous retransmission, since the next CG associated with the same HARQ process will be viewed as for new transmission. In order to enable autonomous retransmission for such case, we think timer states and pending/not-pending status of the HARQ process can be set as the same as the case where the CG for new transmission encounters LBT fails, i.e. the configuredGrantTimer as well as the cg-RetransmissionTimer are not running and the HARQ process is considered as pending.
Proposal 4: If a CG is for new transmission and de-prioritized before its transmission, the configuredGrantTimer and cg-RetransmissionTimer is not started/re-started, and the HARQ process is considered as pending.
Similarly, for a CG intended for retransmission of a TB, if the TB has not been sent out before due to LBT failure, the configuredGrantTimer as well as the cg-RetransmissionTimer may not be running and the HARQ process is pending. Otherwise if the TB has been sent out before but not successfully decoded by the gNB, the configuredGrantTimer is running, the cg-RetransmissionTimer is not running, and the HARQ process is not pending. In both situations, the running states of the timers and the pending/not-pending status of the HARQ process allows the following up CGs to perform autonomous retransmission for the TB. We don’t need to change the running states of the timers and the pending/not-pending status of the HARQ process in such case.
Proposal 5: If a CG is for retransmission and de-prioritized before its transmission, the configuredGrantTimer and cg-RetransmissionTimer keeps their current running states, and the HARQ process keeps its current pending/not-pending status.
However, if the CG is de-prioritized after the transmission starts, according to the Rel-16 MAC spec text extracted as below, the configuredGrantTimer as well as the cg-RetransmissionTimer associated with the HARQ process starts at the beginning of the transmission. 
	When configuredGrantTimer or cg-RetransmissionTimer is started or restarted by a PUSCH transmission, it shall be started at the beginning of the first symbol of the PUSCH transmission.


In Rel-16 IIoT, it was agreed that if the de-prioritized CG has already started its PUSCH transmission, MAC shall stop the configuredGrantTimer for the corresponding HARQ process. When it comes to unlicensed spectrum, such behaviour may not be suitable in some cases where CG is used for retransmission. For example, if the TB has been sent out before and the configuredGrantTimer is running, then a CG used for retransmission of the TB is deprioritized, we shall not stop the configuredGrantTimer no matter the CG is deprioritized before or during its transmission. If we differentiate the processing of the timers according to whether the CG is for new transmission or retransmission, the spec would become too complicated. 
Based on the above consideration, we think if cg-RetransmissionTimer is configured and the de-prioritized CG has already started its PUSCH transmission, the MAC entity does not need to stop the configuredGrantTimer for the corresponding HARQ process.
In the last RAN2 meeting, it was proposed that MAC shall stop the cg-RetransmissionTimer in case that the CG transmission starts but then it is de-prioritized, in order to allow immediate retransmission using the next CG occasion. However, it is possible that the gNB can decode the transmitted TB successfully even the transmission is not completely finished. Even the TB is unable to be decoded successfully, the CG-UCI may be received by the gNB, and the gNB can schedule a retransmission grant for the TB. In above scenarios, immediate retransmission using the next CG occasion seems not necessary. Besides, if CG-UCI is not received by the gNB, autonomous retransmission can be performed when the cg-RetransmissionTimer expires. If the network sets a suitable cg-RetransmissionTimer, the delay is not that critical. Hence, we think if the de-prioritized CG has already started its PUSCH transmission, the MAC entity does not need to stop the cg-RetransmissionTimer for the corresponding HARQ process, either. 

Since in this case, LBT succeeds and the HARQ process is considered as not pending according to the current MAC spec. We think the status of the HARQ process can be kept as not pending. The TB stored in the HARQ process can be autonomously retransmitted when the cg-RetransmissionTimer expires, if no CG-DFI or downlink retransmission scheduling is received.
Proposal 6: If a CG is de-prioritized after the transmission starts, the configuredGrantTimer and the cg-RetransmissionTimer shall keep running, and the HARQ process is still considered as not pending.
Nevertheless, in case that a CG for new transmission is de-prioritized and no MAC PDU is generated, then UE’s autonomous retransmission is not needed any more. In this case, the UE does not need to start/restart the configuredGrantTimer as well as the cg-RetransmissionTimer, and the HARQ process can still be considered as not pending.
Proposal 7: If cg-RetransmissionTimer is configured, when a CG for new transmission is de-prioritized and no MAC PDU has been generated for the CG, autonomous retransmission is not needed. The configuredGrantTimer and cg-RetransmissionTimer is not started/re-started, and the HARQ process is still considered as not pending.
2.3.2 CG is configured only with AutonomousTx
In Rel-16 IIoT, LBT failure has not been considered for autonomous transmission scheme. If a MAC PDU is generated for a CG but LBT fails, IIoT autonomous transmission shall be able to be triggered to avoid packet loss. According to the analysis in section 2.1, for Rel-17 URLLC in UCE, a simple enhancement is to treat such a CG as a de-prioritized CG.
Proposal 8: If AutonomousTx is configured, when a MAC PDU is generated for a CG but LBT fails, the CG is considered as de-prioritized grant.
2.4 Enhancement on HARQ process selection
In Rel-16 NR-U, there is no specific relationship between CG occasions and HARQ process IDs. For each arrived CG occasion, UE implementation will select a HARQ process for the CG occasion. In such a selection procedure, the UE shall prioritize retransmissions before initial transmissions. For URLLC in UCE though, it seems not reasonable to always prioritize retransmission than new transmission. For example, if a MAC PDU for retransmission contains data from a LCH with low priority, while there are some data with higher LCH priorities awaiting for transmission, it is better to allow a subsequent CG occasion to perform new transmission. Thus we think during the HARQ process selection procedure for a CG, a rule considering LCH priorities shall be considered instead of only considering new transmission or retransmission.
Proposal 9: When cg-RetransmissionTimer is configured, RAN2 discuss whether LCH priorities shall be considered during HARQ process selection for a CG.
3 Conclusion

In this contribution, we have focused on the FFS issues of the last RAN2 meeting and made some further analysis. In conclusion, we made the following observations and proposals:
Observation 1: In Rel-16 IIoT, lch-BasedPrioritization is the prerequisite of AutonomousTx.
Observation 2: LCH based prioritization is used for overlapping grants handling, while cg-RetransmissionTimer is intended for retransmission handling on CG.
Observation 3: The pending/not-pending status as well as the running state of the configuredGrantTimer of a HARQ process controls whether a configured grant associated with the HARQ process shall be used for new transmission or autonomous retransmission.
Proposal 1: LCH based prioritization can be configured together with cg-RetransmissionTimer in UCE.
Proposal 2: In Rel-17 IIoT, the principle that lch-BasedPrioritization is the prerequisite of AutonomousTx shall be followed.

Proposal 3: In UCE, AutonomousTx is not configured simultaneously with cg-RetransmissionTimer per CG.
Proposal 4: If a CG is for new transmission and de-prioritized before its transmission, the configuredGrantTimer and cg-RetransmissionTimer is not started/re-started, and the HARQ process is still considered as pending.
Proposal 5: If a CG is for retransmission and de-prioritized before its transmission, the configuredGrantTimer and cg-RetransmissionTimer keeps their current running states, and the HARQ process keeps its current pending/not-pending status.
Proposal 6: If a CG is de-prioritized after the transmission starts, the configuredGrantTimer and the cg-RetransmissionTimer shall keep running, and the HARQ process is still considered as not pending.
Proposal 7: If cg-RetransmissionTimer is configured, when a CG for new transmission is de-prioritized and no MAC PDU has been generated for the CG, autonomous retransmission is not needed. The configuredGrantTimer and cg-RetransmissionTimer is not started/re-started, and the HARQ process is still considered as not pending.
Proposal 8: If AutonomousTx is configured, when a MAC PDU is generated for a CG but LBT fails, the CG is considered as de-prioritized grant.
Proposal 9: When cg-RetransmissionTimer is configured, RAN2 discuss whether LCH priorities shall be considered during HARQ process selection for a CG.
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