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1 
Introduction


This paper collects several issues to support IIOT on unlicensed band. 
2
List up of issues
Potential issues are listed up below in harmonized support of IIOT on unlicensed band:
	Issue 1
	Consistent LBT failure handling in unlicensed controlled environment

	Issue 2
	Support of HARQ sharing between multiple Configured Grants

	Issue 3
	Use of cg-RetransmissionTimer

	Issue 4
	HARQ Process ID determination

	Issue 5
	HARQ status determination. Pending vs Not pending


3
Discussion

Issue 1. Consistent LBT failure handling in unlicensed controlled environment
In WID [RP-201310], it is mentioned that

	The support of unlicensed operation needs checking if Release 16 features need any additions to enable operation on FR1, especially in controlled environments, which assumes an environment which contains only devices operating on the unlicensed band installed by the facility owner and where unexpected interference from other systems and/or radio access technology only sporadically happens. 



It should be assumed that the facility owner manages the interference situation as low as possible and the interference situation would happen only sporadically. However, it happens. Then, a question arises how intensively we are going to handle the interference situation.
In Rel-16 NR-U, LBT failure detection and recovery procedure have been introduced in order to cope with consistent interference situation. For this, the MAC entity manages a timer, i.e., lbt-FailureDetectionTimer, and a counter, i.e., LBT_COUNTER, so that the MAC entity counts a consecutive LBT failures within a time duration. If no LBT failure indication is received from lower layer while the timer is running, i.e., no consecutive LBT failure happens, the timer expires and no action is performed. Assuming that consecutive LBT failure wouldn’t happen in controlled environments, managing those timer and counter, which is highly likely to be concluded to 'no action', would only increase device complexity. One may argue that this procedure can be used for recovery of one time LBT failure. However, performing recovery procedure by performing radio link failure related actions may be too heavy from IIOT device perspective. In addition, it should be noted that the minimum value of lbt-FailureInstanceMaxCount is currently 4, which implies recovery of one time LBT failure is not the target of LBT failure detection and recovery procedure.
Proposal 1. For IIOT operating on unlicensed controlled environments, LBT failure detection and recovery procedure is not supported. 
Issue2. Support of HARQ sharing between multiple Configured Grants
In Rel-16 NR-U, channel availability may change dynamically. Thus, assigning HARQ process exclusively to multiple CGs may cause HARQ shortage or HARQ under-utilization problem because some HARQ processes are reserved for the CG but not used while the channel is not available.

For Rel-16 IIOT, in the meanwhile, HARQ sharing has not been introduced. It is because channel is always available and HARQ shortage or under-utilization problem is not expected. In Rel-17 IIOT, even if the IIOT device now operates on unlicensed band, channel is still assumed as available most of times because it is controlled environments. Therefore, HARQ sharing would not be highly motivated.
One may say that HARQ sharing enables fast retransmission of a MAC PDU by using any CG among the CGs sharing HARQ processes. However, it should be noted that the first CG which occurs after CG timer expiry is always the same CG where the initial transmission is performed because CG timers are assumed to start at the beginning of PUSCH [For further detail, please see R2- 2010440].

Therefore, for Rel-17 IIOT, we don’t think HARQ sharing would be necessary.

Proposal 2. For IIOT operation on unlicensed controlled environments, HARQ sharing is not supported.

Issue 3. Use of cg-RetransmissionTimer

Even though it is controlled environment, there can be an LBT failure. Thus, when CG is used for transmission in e.g., a factory, it would be beneficial to have an option that the UE performs retransmission by itself based on cg-RetransmissionTimer. 

In the meanwhile, the minimum value of cg-RetransmissionTimer is 1 while it should be always configured on unlicensed band. In the last meeting, RAN2 discussed the meaning of value 1 of cg-RetransmissionTimer. As a result, it was concluded that configuring cg-RetransmissionTimer of value 1 and not configuring CG timer are different because cg-RetransmissionTimer of value 1 is to prohibit use of other CGs sharing HARQ processes while the timer is running. 

In our understanding, if HARQ sharing is not supported with the Proposal 2, there is no difference between configuring cg-RetransmissionTimer with value 1 and not configuring cg-RetransmissionTimer, i.e., the MAC uses the next coming (same) CG. Then, it would be simple from UE perspective not to configure a cg-RetransmissionTimer than configuring the cg-RetransmissionTimer. Thus, it would be good to discuss whether to make cg-RetransmissionTimer as optional even in unlicensed band.

Proposal 3. For IIOT operating on unlicensed controlled environment, RAN2 discuss whether to make cg-RetransmissionTimer as optional.
Issue4. HARQ Process ID determination

With HARQ sharing, the UE selects HARQ process ID among the available HARQ processes, which allow flexible HARQ process allocation than static HARQ process ID allocation based on a formula. Without HARQ sharing, HARQ process ID selection by UE itself only increases device complexity while leaving room for collision between HARQ process of dynamic UL grant and CG. Given that IIOT mainly targets URLLC service, it would be safe and simple to keep the Rel-16 principle, i.e., HARQ process ID is determined based on a formula.
Proposal 4. For IIOT operation on unlicensed controlled environments, HARQ ID is determined based on a formula.

Issue5. HARQ status determination. Pending vs Not pending

In NR-U, HARQ process state, i.e., pending and not pending, is used for NDI toggling and start of configuredGrantTimer. For Re-17 IIOT to operate on unlicensed band, it is necessary to determine the HARQ state by considering Layer2 prioritization. 

In Rel-16 NR-U, the HARQ process is considered to be pending if there is a MAC PDU stored in the HARQ buffer but transmission is failed due to LBT. For a pending HARQ process, the MAC entity can trigger a retransmission so that transmission dropped by LBT failure can continue.

In Rel-16 IIOT Layer2 prioritization, if an UL grant is de-prioritized and not used for transmission, the MAC entity does not obtain a MAC PDU at all. When there is a prioritized UL grant, the MAC entity obtains a MAC PDU and performs a new transmission.

In our view, it seems natural to consider the HARQ as not pending if the UL grant is de-prioritized by Layer2 prioritization because the MAC PDU is not obtained at all and it would be well aligned with the NR-U principle, i.e., HARQ is pending when MAC PDU is stored but failed. In addition, even without considering the HARQ process with de-prioritized UL grant as pending, the MAC performs a new transmission later for the HARQ process, and hence, there is no reason to force to make that HARQ process as pending for a retransmission.

Proposal 5. For IIOT operation on unlicensed controlled environment, the HARQ process is considered to be pending if there is a MAC PDU stored in the HARQ buffer but transmission is failed in PHY layer. HARQ process is considered as not pending when a transmission is not performed due to Layer2 de-prioritization and cancelled by CI-based de-prioritization.
With proposal 5, we could see an example case where transmission is performed in combination of Layer2 prioritization and HARQ pending state. Assume that an UL grant is 'deprioritized' at T1, 'prioritized but pending' at T2 and then 'prioritized and not-pending' at T3. In this case, it would be good to check if it is new transmission or retransmission. In our view, the MAC performs a new transmission in this case. The details is shown below:
· At T2, the MAC obtains a MAC PDU, receives an LBT failure indication, and considers the HARQ process as pending. As LBT failure indication is received, neither configuredGrantTimer nor cg-RetransmissionTimer starts. 

· At T3, when the UL grant is prioritized again, the MAC considers the MAC PDU has been obtained and triggers a new transmission. As LBT failure indication is not received the UE starts both configuredGrantTimer and cg-RetransmissionTimer. 
Proposal 6. Check if RAN2 have the same understanding of the specification when autonomousTx and cg-RetransmissionTimer are configured together from the above example.
4
Conclusion
We present potential issues for harmonized support of IIOT on unlicensed band. 
Proposal 1. For IIOT operating on unlicensed controlled environments, LBT failure detection and recovery procedure is not supported. 
Proposal 2. For IIOT operation on unlicensed controlled environments, HARQ sharing is not supported.

Proposal 3. For IIOT operating on unlicensed controlled environment, RAN2 discuss whether to make cg-RetransmissionTimer as optional.
Proposal 4. For IIOT operation on unlicensed controlled environments, HARQ ID is determined based on the formula.

Proposal 5. For IIOT operation on unlicensed controlled environment, the HARQ process is considered to be pending if there is a MAC PDU stored in the HARQ buffer but transmission is failed in PHY layer. HARQ process is considered as not pending when a transmission is not performed due to Layer2 de-prioritization and cancelled by CI-based de-prioritization.

Proposal 6. Check if RAN2 have the same understanding of the specification when autonomousTx and cg-RetransmissionTimer are configured together from the above example.
