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Introduction
For enhanced support of IIoT and URLLC, the objectives include the followings in WID [RP-201310]:

2. 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

This paper discusses potential issue of supporting URLLC on unlicensed spectrum from harmonization perspective.

Issue 1
Support of 'New transmission only’ mode

For unlicensed spectrum operation, cg-RetransmissionTimer cannot be absent and its minimum value is 1. Due to the restriction that cg-RetransmissionTimer should be less than configuredGrantTimer, configuredGrantTimer should always be configured in unlicensed spectrum operation and the minimum value becomes 2. With these values, it is not possible to support 'new transmission only' mode.

For Rel-16 IIoT, configuredGrantTimer is optional, which means the UE can perform new transmission on every CG (so called 'new transmission only' mode) if configuredGrantTimer is not configured. 'New transmission only' mode would be beneficial for IIoT, e.g., when the latency requirement is very high so that retransmission is not necessary. Therefore, it seems reasonable to keep support of 'new transmission only' in Rel-17 IIoT operating on unlicensed spectrum unless it is motivated to not to support it. 

Proposal 1. Allow not to configure configuredGrantTimer for IIoT operating on unlicensed spectrum.

With proposal 1, it would be straightforward to nullify cg-RetransmissionTimer because the retransmission would be scheduled dynamically in 'new transmission only' mode.

Proposal 2. If configuredGrantTimer is not configured for IIoT, cg-RetransmissionTimer should not be used even for operation on unlicensed spectrum. 

From specification point of view, cg-RetransmissionTimer cannot be absent for operation on unlicensed spectrum. Thus, RAN2 would need to discuss how to achieve Proposal 2. For example, we could make cg-RetransmissionTimer optional for IIoT operation on unlicensed spectrum or we could add value 0 to cg-RetransmissionTimer. 

Proposal 3. RAN2 discuss how to nullify cg-RetransmissionTimer, i.e., to allow release in configuration or to add value 0.

Issue 2
Delayed new transmission with LBT failure 

In Rel-16, the minimum value of cg-RetransmissionTimer is 1, which means the UE skips one CG before the next retransmission. With an intention to provide retransmission opportunity before triggering a new transmission, it is restricted that cg-RetransmissionTimer should be less than configuredGrantTimer [TS38.331]. Accordingly, the minimum value of configuredGrantTimer, which can be configured together with cg-RetransmissionTimer, is 2. With those values, an example operation is shown in Example scenario 1. We assumed that LBT is success for all transmission trial on CG.
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Example scenario 1. cg-RetransmissionTimer is set to 1 and configuredGrantTimer is set to 2. No LBT failure.

In example scenario 1, 
-
On CG1, the UE performs new transmission, starts configuredGrantTimer and cg-RetransmissionTimer. The HARQ process is considered as 'not pending'. 

-
On CG2, the UE skips CG2 as configuredGrantTimer and cg-RetransmissionTimer are running. The HARQ process state is not changed. 

-
On CG3, the UE performs retransmission as cg-RetransmissionTimer is not running (expires) and configuredGrantTimer is running. The UE starts cg-RetransmissionTimer only and considers HARQ process as 'not pending'. 

-
On CG4, the UE performs new transmission as configuredGrantTimer is not running (expires) and cg-RetransmissionTimer is stopped accordingly. The UE starts configuredGrantTimer and cg-RetransmissionTimer. The HARQ process is considered as 'not pending'.

Observation 1: When unlicensed spectrum is not busy, i.e., LBT successes and HARQ process is kept as 'not pending', the earliest new transmission opportunity comes at CG4 after a new transmission on a CG1.
We further investigate the case where LBT once fails. It is assumed LBT fails at CG3, cg-RetransmissionTimer is set to 1 and configuredGrantTimer is set to 2.
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Example scenario 2. cg-RetransmissionTimer is set to 1 and configuredGrantTimer is set to 2. LBT fails at CG3.
In example scenario 2, 
-
On CG1, the UE performs new transmission, starts configuredGrantTimer and cg-RetransmissionTimer. The HARQ process is considered as 'not pending'. 

-
On CG2, the UE skips CG2 as configuredGrantTimer and cg-RetransmissionTimer are running. The HARQ process state is not changed. 

-
On CG3, the UE tries retransmission as cg-RetransmissionTimer is not running (expires) and configuredGrantTimer is running. LBT fails and the UE does not do any action on configuredGrantTimer and cg-RetransmissionTimer. The HARQ process is considered as 'pending'. 

-
On CG4, the UE performs retransmission because HARQ process is considered 'pending' at this moment even though configuredGrantTimer is not running (expires) and cg-RetransmissionTimer is stopped accordingly. The UE starts configuredGrantTimer and cg-RetransmissionTimer. Now, the HARQ process is considered as 'not pending'. 

-
On CG5, the UE skips CG5 as configuredGrantTimer and cg-RetransmissionTimer are running. The HARQ process state is not changed. 

-
On CG6, the UE performs retransmission as cg-RetransmissionTimer is not running (expires) and configuredGrantTimer is running. The UE starts cg-RetransmissionTimer only and considers HARQ process as 'not pending'. 

-
On CG7, the UE performs new transmission as configuredGrantTimer is not running (expires) and cg-RetransmissionTimer is stopped accordingly. The UE starts configuredGrantTimer and cg-RetransmissionTimer. The HARQ process is considered as 'not pending'

Observation 2: When unlicensed spectrum is once busy, i.e., LBT fails once and HARQ process is 'pending' for one time, the earliest new transmission opportunity comes at CG7 after a new transmission on a CG1. In other words, the new transmission opportunity is postponed from CG4 to CG7.
One more case is analysed when LBT consecutively fails for two times. It is assumed LBT fails at CG3 and CG4, cg-RetransmissionTimer is set to 1, and configuredGrantTimer is set to 2.
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Example scenario 3. cg-RetransmissionTimer is set to 1 and configuredGrantTimer is set to 2. LBT fails at CG3 and CG4.
In example scenario 3, 
-
On CG1, the UE performs new transmission, starts configuredGrantTimer and cg-RetransmissionTimer. The HARQ process is considered as 'not pending'. 

-
On CG2, the UE skips CG2 as configuredGrantTimer and cg-RetransmissionTimer are running. The HARQ process state is not changed. 

-
On CG3, the UE tries retransmission as cg-RetransmissionTimer is not running (expires) and configuredGrantTimer is running. LBT fails and the UE does not do any action on configuredGrantTimer and cg-RetransmissionTimer. The HARQ process is considered as 'pending'. 

-
On CG4, the UE performs retransmission because HARQ process is considered 'pending' at this moment even though configuredGrantTimer is not running (expires) and cg-RetransmissionTimer is not running. LBT fails and the UE does not do any action on configuredGrantTimer and cg-RetransmissionTimer. The HARQ process is considered as 'pending'. 

-
On CG5, the UE performs retransmission because HARQ process is considered 'pending' at this moment even though configuredGrantTimer) and cg-RetransmissionTimer are not running. The UE starts configuredGrantTimer and cg-RetransmissionTimer. Now, the HARQ process is considered as 'not pending'. 

-
On CG6, the UE skips CG6 as configuredGrantTimer and cg-RetransmissionTimer are running. The HARQ process state is not changed. 

-
On CG7, the UE performs retransmission as cg-RetransmissionTimer is not running (expires) and configuredGrantTimer is running. The UE starts cg-RetransmissionTimer only and considers HARQ process as 'not pending'. 

-
On CG8, the UE performs new transmission as configuredGrantTimer is not running (expires) and cg-RetransmissionTimer is stopped accordingly. The UE starts configuredGrantTimer and cg-RetransmissionTimer. The HARQ process is considered as 'not pending'

Observation 3: When unlicensed spectrum is consecutively busy twice, i.e., LBT fails twice and HARQ process is 'pending' for two times, the earliest new transmission opportunity comes at CG8 after a new transmission on a CG1. In other words, the new transmission opportunity is postponed from CG4 to CG8.

As seen in the observations 1, 2, and 3, once the unlicensed spectrum is busy, the next new transmission opportunity is delayed. This is because the UE restarts configuredGrantTimer when HARQ process is changed from 'pending' to 'not pending'. In Rel-16 NR-U, the reason to restart configuredGrantTimer when HARQ process is changed from 'pending' to 'not pending' is to cope with a case that configuredGrantTimer is not running due to consecutive LBT failure. 
In IIoT, one prime URLLC traffic assume periodically occurring data. In this case, it would be essential to provide new transmission opportunity with aligned to the periodicity of data occurrence. If new transmission opportunity changes from time to time depending on LBT result, the network needs to adjust the configured grant whenever LBT fails, which seems complex and would lead to performance degradation especially for the time sensitive URLLC traffic.

In addition, configuredGrantTimer would be set by considering the latency requirement and the network would try retransmission within configuredGrantTimer. Therefore, it may be meaningless to perform a retransmission when a certain time, i.e., configuredGrantTimer, has passed since a new transmission. In this sense, for Rel-16 IIoT, new transmission opportunity is never postponed even when the transmission is failed over the air. In other words, once the UE starts configuredGrantTimer for a new transmission, it is not extended for that new transmission but it could only be stopped earlier than expected when ACK is received.

In our view, it is highly important in IIoT to meet the latency requirement so that applying the same rule of extending configuredGrantTimer in unlicensed spectrum to IIoT seems risky. One option would be not to restart configuredGrantTimer even when HARQ process is changed from 'pending' to 'not pending'.

Proposal 4. RAN2 discuss how to guarantee periodically occurring URLLC traffic on unlicensed spectrum with configuredGrantTimer. 

Issue 3
Waste of CG resources 

In Example scenario 1, we further observes that 
Observation 4: Even when unlicensed spectrum is not contentious, 1/3 of CG resources are wasted because the CG after a new transmission is always not used for any transmission.
In Rel-17 IIoT operating on unlicensed spectrum, it is likely that unlicensed spectrum for IIoT is deployed/managed within a private factory. In addition, it would be risky to serve URLLC on unstable unlicensed spectrum from reliability perspective. Therefore, it is reasonable to assume that LBT failure doesn’t occur so frequently on unlicensed spectrum for IIoT. Accordingly, it is not preferred to live with high level of CG resource waste even in uncrowded spectrum. If one assumes crowded unlicensed spectrum for IIoT, it would be more problematic to live with high level of CG resource waste because the CG resources are limited and should be well shared by multiple devices. 

In this sense, we should avoid CG resource waste in Rel-17 IIoT operating on unlicensed spectrum. 

The waste of CG resource is caused by the minimum value of cg-RetransmissionTimer in the current specification. In TS38.331, the minimum value of cg-RetransmisionTimer is 1 and the UE starts to perform a retransmission after skipping one CG if cg-RetransmissionTimer is set to 1. One simple way might be to add value 0 but we think it can be discussed with Proposal 3.

Proposal 5. RAN2 discuss how to avoid CG resource waste which is caused by the current minimum value of cg-RetransmissionTimer. 
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Conclusion

This paper analysed potential issues when IIoT devices are operating on unlicensed spectrum and observes that 

Observation 1: When unlicensed spectrum is not busy, i.e., LBT successes and HARQ process is kept as 'not pending', the earliest new transmission opportunity comes at CG4 after a new transmission on a CG1.

Observation 2: When unlicensed spectrum is once busy, i.e., LBT fails once and HARQ process is 'pending' for one time, the earliest new transmission opportunity comes at CG7 after a new transmission on a CG1. In other words, the new transmission opportunity is postponed from CG4 to CG7.

Observation 3: When unlicensed spectrum is consecutively busy twice, i.e., LBT fails twice and HARQ process is 'pending' for two times, the earliest new transmission opportunity comes at CG8 after a new transmission on a CG1. In other words, the new transmission opportunity is postponed from CG4 to CG8.
Observation 4: Even when unlicensed spectrum is not contentious, 1/3 of CG resources are wasted because the CG after a new transmission is always not used for any transmission.

Based on the observations, we proposed that
Proposal 1. Allow not to configure configuredGrantTimer for IIoT operating on unlicensed spectrum.

Proposal 2. If configuredGrantTimer is not configured for IIoT, cg-RetransmissionTimer should not be used even for operation on unlicensed spectrum. 

Proposal 3. RAN2 discuss how to nullify cg-RetransmissionTimer, i.e., to allow release in configuration or to add value 0.

Proposal 4. RAN2 discuss how to guarantee periodically occurring URLLC traffic on unlicensed spectrum with configuredGrantTimer. 

Proposal 5. RAN2 discuss how to avoid CG resource waste which is caused by the current minimum value of cg-RetransmissionTimer. 
