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1. Introduction

In the last RAN plenary #88-e meeting, the scope for Rel-17 IIoT/URLLC has been updated, and the following objective about uplink enhancements for URLLC over shared spectrum has been added [1]:
	1. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum


In the last RAN2 meeting, CG harmonization between NR-U and IIoT has been discussed, and finally the following questions were list:
	Question really is:

- Can IIoT autonomous transmission and NR-U CG retransmission timer can be configured together?

- Do we make the CG retransmission timer optional or not to cover controlled case?  

- How do we do HARQ process ID selection?

- Smaller issue – in NR-U retx are always prioritized over initial tx so we need to check if this causing any issue


In this paper, we provide our understanding about the list questions and make analysis about how to support URLLC services in unlicensed controlled environment.
2. Discussion
2.1 Clarification for unlicensed controlled environment
First of all, it shall be noted that the objective is for uplink enhancements for URLLC in unlicensed controlled environment. During last meeting, there was some discussion on the controlled environment. However, it is still not clear what unlicensed controlled environment exactly means. In [2], for FBE, it describes that if the absence of any other technology sharing a channel can be guaranteed on a long-term basis, e.g. by level of regulation, the gNB can configure UE(s) to perform semi-static channel access. From our perspective, the unlicensed controlled environment means that regulation will restrict there is no other technologies sharing the same spectrum in the same deployment area, i.e., FBE can be configured for the spectrum by the network. Besides, operator or factory owner can adopt some “local rules” to keep interference sporadic as much as possible, e.g. for interference caused by factory employee devices. 
We believe that even in well controlled environment, it is still impossible to guarantee that no LBT failure exists, e.g. due to UE’s occasional misdetections or interference that inevitably exists as in licensed spectrum. Yet LBT failure will occur quite sporadically and consistent LBT failure can be assumed as not exist. Unlike scenarios considered in NR-U where most designs react to LBT failure, in unlicensed controlled environment, no special procedures reacting to LBT failure are needed. Occasionally occurred LBT failure can be handled by other existing mechanisms, e.g. network can schedule an additional grant for the TB’s retransmission when LBT failure occurs for the previous associated grant. We propose RAN2 to clarify that unlicensed controlled environment means LBT failures occur quite sporadically and consistent LBT failure won’t exist, and no special procedures reacting to LBT failure are needed.
Proposal 1: RAN2 clarifies that unlicensed controlled environment means LBT failures occur quite sporadically and consistent LBT failure won’t exist.
2.2 Harmonizing UL configured-grant enhancements in NR-U and URLLC

2.2.1  IIoT autonomous transmission or NR-U CG retransmission
The first question is whether IIoT autonomous transmission and NR-U CG retransmission timer can be configured together. Actually, three configuration approaches can be considered, i.e. only IIoT autonomous transmission is configured, only NR-U CG retransmission timer is configured, and both are configured. In the following, we will analyse and compare these three different options and give our preference.
Option-1: Only IIoT autonomous transmission is configured.

This option takes IIoT CG enhancements as the baseline. There is specific relationship between CG occasions and HARQ process IDs. For a CG occasion, its associated HARQ process ID can be derived from the equations specified in TS 38.321 [3]. In Rel-16 IIoT, LBT failure has not been considered at all for autonomous transmission. When it comes for Rel-17 URLLC over unlicensed spectrum, CG transmission stopped by LBT failure can be treated as a de-prioritized CG. 
For a CG transmission, the cases shown in the following table may happen:
Table-I Possible cases for a CG transmission
	Cases
	For delay-critical traffic
	For non-delay critical traffic

	a) No overlap with other grants, and LBT fails.
	If the network relies on autonomous transmission to avoid packet loss, the MAC PDU can be transmitted using the next CG occasion associated with the same HARQ process. Extra delay will be incurred. Besides, for periodic traffic, autonomous transmission will delay the transmission of the later arrived packet intended to be transmitted particularly on the next CG occasion. 
Since the network has a prior knowledge about which HARQ process is used for the CG, the network can schedule a retransmission opportunity for the CG in order to avoid possible extra-delay for the traffic.
	Relying on autonomous transmission would be good enough.

	b) Overlap with another grant, and CG is de-prioritized.
	Similar as the analysis for case a), the network can schedule a retransmission grant addressed with CS-RNTI to the HARQ process associated with the previous de-prioritized CG. 
	Relying on autonomous transmission is enough.

	c) Overlap with another grant. CG is prioritized but LBT fails.
	When the CG is determined as a prioritized grant by MAC but eventually encounters LBT failure, we think such CG shall also be considered as a de-prioritized grant. The network can take the same scheduling strategy as discussed in case a) and b).
For delay-critical traffic, network scheduling based retransmission is preferred.
	Relying on autonomous transmission is enough.

	d) No overlap with other grants, and LBT succeeds.
	Nothing special needs to care.
	Nothing special needs to care.


In this option, the network knows which HARQ process is used for each CG occasion. If nothing is received on a CG occasion, e.g. possibly due to LBT failure or being de-prioritized, the network can flexibly choose to schedule a retransmission opportunity for the CG if needed, e.g. the traffic is delay critical or to rely on autonomous transmission if the delay is allowed to exceed its PDB. Therefore, option-1 is suitable for URLLC over unlicensed spectrum.
Observation 1: Based on specific relationship between CG occasions and HARQ process IDs, the network can flexibly choose to schedule a retransmission opportunity for the CG or rely on autonomous transmission if LBT fails or the CG is deprioritized.
Option-2: Only NR-U CG retransmission timer is configured.

This option takes NR-U CG autonomous retransmission as the baseline. In this option, a de-prioritized CG can be viewed as that the CG occasion encounters LBT failure. In NR-U autonomous retransmission, UE implementation selects an HARQ process for a CG occasion and retransmission is prioritized over initial transmission. If no MAC PDU is received on a CG occasion, e.g. due to LBT failure or the CG is de-prioritized, the gNB cannot schedule a retransmission opportunity for the CG because the network has no idea which HARQ process has been selected by the UE for the CG occasion. In this option, the network doesn’t know which HARQ process will be used for each CG occasion. If no TB is received on a CG occasion, the network cannot schedule a retransmission opportunity for the CG even if the traffic is delay critical.
Observation 2: If only NR-U CG retransmission timer is configured, the gNB cannot schedule a retransmission opportunity for the CG because the network has no idea which HARQ process has selected by the UE for the CG occasion, which is not suitable for IIoT service.
In NR-U, retransmission is prioritized than initial transmission, the next arrived CG will be used for retransmission of the TB generated for the previous CG. If the CG is associated to a LCH serving periodic traffic, the transmission of later arrived packets intended to use the next CG will be delayed, as shown in the following Fig.1. 
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Fig.1 Illustration of delayed transmission of later arrived packets of periodic IIoT traffic

Observation 3: If retransmission is always prioritized over initial transmission, the next arrived CG will be used for retransmission of the TB generated for the previous CG, leading the transmission of later arrived packets intended to use the next CG delayed.

Option-3: Both IIoT autonomous transmission and NR-U CG retransmission timer are configured.

In IIoT autonomous transmission and NR-U autonomous retransmission, different schemes are adopted for HARQ process ID selection. But we can only take one HARQ process ID selection scheme. Option-3 is analysed under different HARQ process ID selection schemes as follows.
a) There is specific relationship between CG occasions and HARQ process IDs.
If a CG is deprioritized or encounters LBT failure, the configuredGrantTimer as well as the cg-RetransmissionTimer associated with the HARQ process will not start. The next CG associated with the same HARQ process will be used to transmit the TB generated for the previous CG. The technical result of this option is the same as that of option-1. We think it is meaningless to configure IIoT autonomous transmission and NR-U CG retransmission timer together.

Besides, if a MAC PDU is successfully transmitted on a CG occasion, the cg-RetransmissionTimer associated with the HARQ process can be started. When the cg-RetransmissionTimer expires, the MAC PDU can be autonomously retransmitted. However the necessity of auto-retransmission here is not obvious, since the gNB can dynamically schedule a retransmission grant and auto-retransmission can, on the other hand, increase the delay. Further, gNB scheduled retransmission could be sufficient considering LBT failures would be sporadic.
b) UE implementation select an HARQ process for a CG occasion.
As analysed in option-2, in this case, if a CG is deprioritized or encounters LBT failure, the network has no means to schedule a retransmission opportunity to the UE timely. Option-3 with UE implemented HARQ selection is not suitable for IIoT service, which is usually deterministic and delay critical.

Observation 4: No obvious benefits are foreseen to configure IIoT autonomous transmission and NR-U CG retransmission timer together.
The intention of CG enhancements in NR-U is to reduce the impact of LBT failures in the system for data transmission, in order to improve the success probability of data transmission. For IIoT, the CG enhancements is to match IIoT traffic which is usually is deterministic and periodic. Based on above analysis and comparison of different options, network scheduling retransmission is essential for IIoT traffic, which shall be mandatorily supported even in unlicensed spectrum. Besides, autonomous transmission can be configured for URLLC over unlicensed spectrum, as a complementary solution for gNB scheduled retransmission.

Based on the above analysis, option-2 is not suitable for IIoT service, which is usually deterministic and delay critical. Besides, no obvious benefits are foreseen for option-3 compared with option-1. We suggest IIoT CG autonomous transmission can be configured for URLLC over unlicensed spectrum.
Proposal 2: IIoT CG autonomous transmission can be configured for URLLC over unlicensed spectrum.
2.2.2  HARQ ID selection 
Based on the analysis in section 2.2.1, in order to implement network scheduled retransmission, the network needs to have a clear understanding about which HARQ process is used for each CG occasion. Thus, we propose HARQ process ID used for a CG shall be derived from the CG occasion, i.e. to reuse the derivation scheme adopted for Rel-16 IIoT CG.
Proposal 3: HARQ process ID used for a CG shall be derived from the CG occasion, i.e. to reuse the derivation scheme adopted for Rel-16 IIoT CG.
2.2.3  CG-RT timer 
It shall be noted that in the last RAN1#102-e meeting, the following agreement was made [4]:

	Agreements:

· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.


RAN1 has already agreed that cg-RetransmissionTimer is optional for CG on unlicensed spectrum, at least for FBE. Based on above analysis, it is preferred that NR-U CG retransmission timer is not configured for URLLC over unlicensed spectrum, which means cg-RetransmissionTimer would be absent for CG associated with URLLC services over unlicensed spectrum. 
Proposal 4: NR-U CG autonomous retransmission is not configured for URLLC over unlicensed spectrum, which means cg-RetransmissionTimer is absent for CG associated with URLLC services over unlicensed spectrum.
2.2.4  Prioritization between initial transmission and retransmission
For the fourth question “Smaller issue – in NR-U retx are always prioritized over initial tx so we need to check if this causing any issue”, if only IIoT autonomous transmission can be configured for URLLC over unlicensed spectrum, prioritization between NR-U retransmission and initial transmission is not needed to be considered.
Proposal 5: Prioritization between NR-U retransmission and initial transmission is not considered for URLLC over unlicensed spectrum.

3 Conclusion

In this contribution, we have focused on the questions listed by the chairman in the last RAN2 meeting for URLLC over unlicensed spectrum, and made the following observations and proposals:
Observation 1: Based on specific relationship between CG occasions and HARQ process IDs, the network can flexibly choose to schedule a retransmission opportunity for the CG or rely on autonomous transmission if LBT fails or the CG is deprioritized.
Observation 2: If only NR-U CG retransmission timer is configured, the gNB cannot schedule a retransmission opportunity for the CG because the network has no idea which HARQ process has selected by the UE for the CG occasion, which is not suitable for IIoT service.
Observation 3: If retransmission is always prioritized over initial transmission, the next arrived CG will be used for retransmission of the TB generated for the previous CG, leading the transmission of later arrived packets intended to use the next CG delayed.
Observation 4: No obvious benefits are foreseen to configure IIoT autonomous transmission and NR-U CG retransmission timer together.
Proposal 1: RAN2 clarifies that unlicensed controlled environment means LBT failures occur quite sporadically and consistent LBT failure won’t exist.
Proposal 2: IIoT CG autonomous transmission can be configured for URLLC over unlicensed spectrum.
Proposal 3: HARQ process ID used for a CG shall be derived from the CG occasion, i.e. to reuse the derivation scheme adopted for Rel-16 IIoT CG.
Proposal 4: NR-U CG autonomous retransmission is not configured for URLLC over unlicensed spectrum, which means cg-RetransmissionTimer is absent for CG associated with URLLC services over unlicensed spectrum.
Proposal 5: Prioritization between NR-U retransmission and initial transmission is not considered for URLLC over unlicensed spectrum.
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