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1 
Introduction
This paper analyses the CG timers, i.e., configuredGrantTimer and cg-RetransmissionTimer, and discusses the scenarios that can be supported and not supported with the current values.
2
Background
For configured grant (CG), configuredGrantTimer and cg-RetransmissionTimer are introduced to handle retransmission on CG. configuredGrantTimer provides retransmission scheduling time to gNB by disabling use of CG while configuredGrantTimer is running. In the meanwhile, cg-RetransmissionTimer allows retransmission by the UE after cg-RetransmissionTimer expires assuming that the PDU is failed at the gNB.

3
configuredGrantTimer
For operation with CG, configuredGrantTimer can be configured via ConfiguredGrantConfig. As configuredGrantTimer is Need R field, the UE releases the timer if this field is absent. Therefore, the network can nullify configuredGrantTimer by not including configuredGrantTimer in ConfiguredGrantConfig. 
If the UE is not configured with configuredGrantTimer, the intended behaviour would be that the UE performs new transmission on every CG. 
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Figure 1. the intended UE behaviour when configuredGrantTimer is not configured.
Observation 1: For a CG, if configuredGrantTimer is not configured, the UE performs new transmission on every CG.
If configuredGrantTimer is configured with a value X, the intended UE behaviour is not to perform a new transmission on the CG for X number of time. An example is presented in Figure 2. If configuredGrantTimer is set to 1, starting configuredGrantTimer from CG1, the intended UE behaviour is to skip CG2 and performs new transmission on CG3. 
However, it may be ambiguous from the specification point of view because the timer is translated into a length in multiples of periodicity and the exact timing of timer start is unspecified. In Figure 2, if configuredGrantTimer is set to 1 and starts from CG1, is it considered as running or not running on CG2? One may consider configuredGrantTimer as not running for CG2 because it is expiring. Then, the UE would perform new transmission on CG2, which seems not the intended UE behaviour.
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Figure 2. the intended UE behaviour when configuredGrantTimer is configured with value 1
Observation 2: For a CG, if configuredGrantTimer is configured to a value X, the UE should skip a new transmission on CG for X number of time. However, it may be unclear from the current specification.

In order to remove ambiguity, it would be good to clarify in the specification and two options are given below:
Option 1. Text Proposal to TS38.331:
	configuredGrantTimer
Indicates the initial value of the configured grant timer (see TS 38.321 [3]). Value 1 corresponds to 1 number of configured grant etc. When cg-RetransmissonTimer is configured, if HARQ processes are shared among different configured grants on the same BWP, configuredGrantTimer is set to the same value for all of configurations on this BWP. 


Option 2. Text Proposal to TS38.331:
	configuredGrantTimer
Indicates the initial value of the configured grant timer (see TS 38.321 [3]) in multiples of periodicity. This timer is used to restrict new transmission on CG for the same HARQ process for x number of time. When cg-RetransmissonTimer is configured, if HARQ processes are shared among different configured grants on the same BWP, configuredGrantTimer is set to the same value for all of configurations on this BWP. 


Option 1 is to configure the timer in number of configured grant, hence, it becomes clear how many CG should not be used by the UE. Although it changes the way we define the timer from a length to a number, it seems not critical and clear UE behaviour would be more important.

Option 2 is to specify the intended number of CGs that should not be used by the UE with a value. This also makes the UE behaviour clear without changing the way we defined the timer. In our view, both option 1 and 2 work fine and propose to select one. 
Proposal 1: Adopt one of the TPs above to remove ambiguity in operation of configuredGrantTimer when it is configured. 
4
cg-RetransmissionTimer
Similar to configuredGrantTimer, if cg-RetransmissionTimer is configured to a value X, the UE should skip CG for X number of time. As the minimum value of cg-RetransmissionTimer is 1 and it starts for new/re- transmission, cg-RetransmissionTimer is running for at least one periodicity and the fastest CG for retransmission is a CG that comes second after new/re-transmission. 
Observation 3: With the minimum value of cg-RetransmissionTimer, i.e., 1, the UE can perform a retransmission from the second next CG which comes after a new/re- transmission on a CG.
Given that configuredGrantTimer should be larger than cg-RetransmissionTimer, the minimum value of configuredGrantTimer is 2 in NR-U. With these values, an example operation is shown in Figure 3 assuming not pending HARQ (i.e., all transmission do not experience LBT failure) and no downlink feedback (i.e., the UE relies only on configuredGrantTimer and cg-RetransmissionTimer for new/re-transmission) for easy understanding. We could see that the CG following the new transmission is always wasted, which leads to 33% waste of CG resource.
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Figure 3. The UE behaviour when cg-RetransmissionTimer is set to 1 and configuredGrantTimer is set to 2.
In our view, it seems not desirable/intended waste of uplink resource and would be good to discuss whether and how to solve this. For example, if a timer is set to zero, in MAC, we have assumed that the timer expires as soon as it starts, i.e., immediate expiry. Thus, we may add value 0 to cg-RetransmissionTimer so that cg-RetransmissionTimer expires immediately after a new transmission and the next CG can be used for retransmission. Figure 4 describes an example of 'immediate retransmission' with cg-RetransmissionTimer, where configuredGrantTimer is set to 1 and cg-RetransmissionTimer is set to 0.
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Figure 5. Example of 'Immediate retransmission', which is currently not supported in NR-U
Proposal 2: RAN2 discuss whether and how to allow immediate retransmission on a CG after a transmission on a CG. 
In NR-U, cg-RetransmissionTimer cannot be absent. Provided that the value of cg-RetransmissionTimer is always less than the value of configuredGrantTimer, it seems not allowed to omit configuredGrantTimer in NR-U. Accordingly, it is not possible to configure that the UE performs a new transmission on every CG in NR-U. Hereafter, we call it 'continuous new transmission' mode.
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Figure 6. 'continuous new transmission' mode, which is not supported in NR-U
In our view, there is no clear motivation not to allow 'continuous new transmission' mode in NR-U. If periodicity of CG is sufficiently long and the gNB have enough time of scheduling retransmission dynamically, 'continuous new transmission' mode is quite simple from UE perspective. In addition, harmonization of configuredGrantTimer and cg-RetransmissionTimer is now coming to NR and not supporting 'continuous new transmission' mode would be problematic because Rel-16 IIoT has supported 'continuous new transmission' mode by not configuring configuredGrantTimer. 
Proposal 3: RAN2 discuss whether and how to allow continuous new transmission on every CG. 
Note that a simple way of supporting 'continuous new transmission' mode is to allow optionality in configuration of configuredGrantTimer in NR-U, i.e., together with cg-RetransmissionTimer. For example, for 'continuous new transmission' mode, configuredGrantTimer is absent while cg-RetransmissionTimer is set to 0. It may not have any impact on MAC specification because configuredGrantTimer and cg-RetransmissionTimer would be considered as not running and it is already covered by the following part: 
	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.


Another approach would be to add a value 0 to configuredGrantTimer but it may not be preferred to have two options, i.e., not to configure or to configure with value 0, to nullify the timer.
6
Conclusion

This paper analysed the configuredGrantTimer and cg-RetransmissionTimer operation and observed that:

Observation 1: For a CG, if configuredGrantTimer is not configured, the UE performs new transmission on every CG.
Observation 2: For a CG, if configuredGrantTimer is configured to a value X, the UE should skip a new transmission on CG for X number of time. However, it may be unclear from the current specification.

Observation 3: With the minimum value of cg-RetransmissionTimer, i.e., 1, the UE can perform a retransmission from the second next CG which comes after a new/re- transmission on a CG.
Based on the observations, we proposed that:
Proposal 1: Adopt one of the TPs above to remove ambiguity in operation of configuredGrantTimer when it is configured. 
Proposal 2: RAN2 discuss whether and how to allow immediate retransmission on a CG after a transmission on a CG. 
Proposal 3: RAN2 discuss whether and how to allow continuous new transmission on every CG. 
