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1. Introduction

In the last RAN2 meeting, there are several remaining FFSs for configured grant as follows [1]:

	· UE autonomously transmits the de-prioritized PDU as a new transmission in a CG resource from the same CG configuration (FFS different CG configuration)

· UE shall not perform autonomous transmission of the PDU if network has scheduled a retransmission grant for the PDU. FFS whether we specify some time restriction. 
· RRC configures a LCH with one or more allowed L1-priority level values (e.g. in a allowedPriorityLevels list) in LogicalChannelConfig (as in the current LCH restrictions), applied at least for mapping to DG, FFS for CG 


Besides, there are quite a few editor’s notes in the endorsed MAC running CR for IIoT [2] related with configured grant, which are excerpted as follows:
	Editor’s Note: Priority determination considering MAC CE and configuredGrantTimer is FFS.
Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=1 (i.e. retransmission of a configured grant) is a configured grant or not. In this version of running CR, it is assumed that an uplink grant addressed to CS-RNTI with NDI=1 is considered as a dynamic grant.
Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=0 (i.e. (re-)activation of type 2 CG) is a configured grant or not. In this version of running CR, it is not clearly captured.
Editor’s Note:
UE autonomous retransmission using the same HARQ process for the different CG configuration is FFS.
Editor’s Note:
In case that retransmission grant for a deprioritized configured grant is deprioritized again and the MAC entity is configured with autonomousReTx, whether UE performs the autonomos retransmission in the subsequent configured grant is FFS. This running CR assumes that UE does not perform the autonomous retransmission in this case.

Editor’s Note:
Whether this MAC CR needs to capture something to reflect a RAN2#108 agreement “The case when the next CG resource cannot be used for a retransmission because of UE processing time limitation can occur (no consensus on whether this is a corner case or a mainstream case). Leave the timeline restriction to UE implementation (we don’t specify a new number, can specify something)” is FFS.

Editor’s Note: It is FFS whether allowedPriorityLevels applies for configured grant.


In this contribution, we list some open issues for configured grant based on the above FFS points and editor’s notes. And we will share our views on these open issues.
2. Discussion

Open issue 1: Priority determination considering configuredGrantTimer.
In NR R15, the periodicity of configured grant can be as short as 2 symbols. In this case, when a configured grant is used to transmit a MAC PDU, there may not be enough time for the network to decode the TB and to determine whether a retransmission is necessary before the next configured grant arrives. The usage of the next configured grant may generate a new MAC PDU and flush the data stored in the HARQ buffer, which may not be transmitted successfully yet. 
To resolve the above problem, configuredGrantTimer was introduced in NR R15. Such timer is maintained per HARQ process, and the intention of the timer is to restrict the usage of subsequent CG resources associated with the same HARQ process, in order to protect the data stored in the HARQ buffer. When a configuredGrantTimer expires, the data stored in the corresponding HARQ buffer is assumed to be successfully transmitted. Each time when a configured uplink grant arrives, the MAC entity shall determine the HARQ process ID associated with this configured grant. The MAC entity will deliver the configured grant to the HARQ entity for further processing only if the configuredGrantTimer associated with the HARQ process is not running.
In the latest MAC running CR, when the MAC entity is configured with lch-basedPrioritization, the MAC entity will determine the priority level for each uplink grant. But during the priority determination procedure, the restriction on resource’s usage caused by configuredGrantTimer has not been considered right now. For a configured grant, if it is restricted to be used due to a running configuredGrantTimer, this grant shall be considered as invalid by the MAC entity and should be excluded from priority determination procedure, not only for the grant itself, but also for other overlapped uplink grant.
Proposal 1: Configured grants not to be used due to a running configuredGrantTimer are considered as invalid uplink grants during priority determination.
In the following part, we will analyse the possibility of unnecessary running of configuredGrantTimer, which may affect URLLC transmission. In NR R15 MAC spec, when an uplink grant is skipped due to no data available for transmission, the HARQ buffer of the HARQ process associated with the grant shall be flushed. Besides, for a retransmission grant of a configured grant, if the HARQ buffer of the corresponding HARQ process is empty, the uplink grant will be ignored. In both cases, the configuredGrantTimer is untouched, even it is running. The nominal texts in MAC spec are excerpted as follows [3]:

	3>
if a MAC PDU to transmit has been obtained:
4>
deliver the MAC PDU and the uplink grant and the HARQ information of the TB to the identified HARQ process;

4>
instruct the identified HARQ process to trigger a new transmission;
4>
if the uplink grant is addressed to CS-RNTI; or

4>
if the uplink grant is a configured uplink grant; or

4>
if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:

5>
start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed.

3>
else:

4>
flush the HARQ buffer of the identified HARQ process.
2>
else (i.e. retransmission):

3>
if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty; or

3>
if the uplink grant is part of a bundle and if no MAC PDU has been obtained for this bundle; or

3>
if the uplink grant is part of a bundle of the configured uplink grant, and the PUSCH duration of the uplink grant overlaps with a PUSCH duration of another uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell:

4>
ignore the uplink grant.


In both cases, the HARQ buffer is already empty, but the configuredGrantTimer associated with identified HARQ process may be still running. For example, when a DCI addressed to C-RNTI schedules an uplink grant for new transmission and the identified HARQ process is configured for a configured uplink grant, the configuredGrantTimer for the HARQ process will start or restart based on the current MAC procedure. When there is no data available for any LCG, the HARQ entity will flush the HARQ buffer, but the configuredGrantTimer may be still running. Another example is that when the UE skips a configured grant and the HARQ buffer is empty, while the network may misinterpret as that the UE has transmitted something, the network may schedule a retransmission grant through a DCI addressed to CS-RNTI. The configuredGrantTimer for the HARQ process will start or restart when receiving such DCI. However, since there is no pending data for retransmission, the retransmission grant will be ignored, but the configuredGrantTimer may continue running. 
Considering the purpose of configuredGrantTimer is to protect the stored data in the HARQ buffer, when there is no data in the HARQ buffer, the running of configuredGrantTimer is meaningless since it protects nothing. One side-effect of the running configuredGrantTimer is that the subsequent configured grants are prohibited to be used, which may delay the uplink transmission of urgent URLLC traffic that arrives during the timer is running. 
In order to avoid the side-effect, we think the configuredGrantTimer for the corresponding HARQ process shall be stopped, if running, in the above described cases: 1) when the HARQ buffer of the corresponding HARQ process is flushed, 2) when a retransmission grant is ignored and the corresponding HARQ buffer is empty.
Proposal 2: When the HARQ buffer of the identified HARQ process is flushed, the configuredGrantTimer for the corresponding HARQ process shall be stopped, if running.
Proposal 3: When a retransmission grant is ignored and the corresponding HARQ buffer is empty, the configuredGrantTimer for the corresponding HARQ process shall be stopped, if running.
Open issue 2: Whether allowedPriorityLevels applies for configured grant.
In the last RAN2 meeting, it was agreed to introduce a new LCH mapping restriction for dynamic grant, i.e. allowedPriorityLevels. For each LCH, RRC can configure a L1-priority level in LogicalChannelConfig, such as high level or low level. When a dynamic grant indicated as high level is received, only LCHs configured with a high L1-priority level can be selected to map to this grant. However, there remains a FFS whether such LCH mapping restriction applies to configured grant.
It should be noted that the intention of such LCH mapping restriction is to differentiate grants for traffic that requires high reliability. For example, for traffic with high reliability requirement, it is beneficial to be mapped to dynamic grants with a high L1-priority level, which may adopt a low MCS-level and so on. For configured grant, another LCH mapping restriction, i.e. allowedCG-List used in RRC running CR, has been introduced to restrict whether a logical channel can be mapped to certain configured grants. In our opinion, if a LCH is mapped to a certain configured grant, it means such configured grant can fulfil the performance requirements of the LCH, e.g. latency and reliability. Otherwise, the network has no motivation to configure such mapping relations. Thus, when a LCH is allowed to be mapped to a certain configured grant, there is no necessity to further check whether the configured grant can fulfil the LCH’s reliability requirement through allowedPriorityLevels anymore.
Proposal 4: AllowedPriorityLevels is not applied to configured grant.
Open issue 3: UE autonomous transmission using different CG configuration.
For intra-UE multiplexing, UE can autonomously transmit the deprioritized MAC PDU as a new transmission in a next CG from the same CG configuration, if the next CG associated with the same HARQ process. It is still FFS whether UE can autonomously use a CG resource from a different CG configuration for such transmission. 
Considering when a MAC PDU generated for a CG from CG configuration 1 is deprioritized, and a CG resource from CG configuration 2 arrives and is associated with the same HARQ process of the deprioritized CG. If the CG from CG configuration 2 has the same TB size with that of CG from CG configuration 1, it seems OK that UE uses the next CG from CG configuration 2 to perform UE autonomous transmission for the deprioritized MAC PDU. But there is no assurance that different CG configurations which may use the same HARQ process shall always have the same TB size. Thus, if we allow UE autonomous transmission using different CG configurations, UE needs to check whether the TB size of a next CG from a different CG configuration is consistent with that of the deprioritized CG each time before UE decides to perform autonomous transmission. This will incur more UE complexity and standard efforts.
Based on the above consideration, we propose that UE will not use CG resources from different CG configurations to perform autonomous transmission.
Proposal 5: UE will not use CG resources from different CG configurations to perform autonomous transmission.
Open issue 4: Uplink grant addressed to CS-RNTI.

During the email discussion about the MAC running CR for IIoT, there are some discussions about whether an uplink grant addressed to CS-RNTI should be viewed as a configured grant or not. There are two editor’s notes left in the endorsed MAC running CR for IIoT as follows [2]:

	Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=1 (i.e. retransmission of a configured grant) is a configured grant or not. In this version of running CR, it is assumed that an uplink grant addressed to CS-RNTI with NDI=1 is considered as a dynamic grant.
Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=0 (i.e. (re-)activation of type 2 CG) is a configured grant or not. In this version of running CR, it is not clearly captured.


Firstly, let us focus on an uplink grant addressed to CS-RNTI with NDI=0, which is an activation/reactivation command for CG type 2. During RAN2 #104 meeting, companies viewed this uplink grant as a configured grant when discussing duplicate delivery of configured grant and the associated HARQ information to HARQ entity [4]. Finally a CR to avoid such duplicate delivery of configured grant was endorsed [5]. In order to keep alignment with the previous discussion, we think an uplink addressed to CS-RNTI with NDI=0 shall be viewed as a configured grant.
Proposal 6: An uplink grant addressed to CS-RNTI with NDI=0 shall be viewed as a configured grant.
In section 5.4.1 of TS 38.321 [3], each configured grant shall be handled by the MAC entity and then be delivered to the HARQ entity for further processing based on the following normative text:
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:

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:

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

2>
if the configuredGrantTimer for the corresponding HARQ process is not running:

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.


Nevertheless, for an uplink grant addressed to CS-RNTI with NDI=1, it is handled and delivered to the HARQ entity by the MAC entity based on the following procedures instead of based on the steps depicted in the above table:
	1>
else if an uplink grant for this PDCCH occasion has been received for this Serving Cell on the PDCCH for the MAC entity's CS-RNTI:
2>
if the NDI in the received HARQ information is 1:
3>
consider the NDI for the corresponding HARQ process not to have been toggled;

3>
start or restart the configuredGrantTimer for the corresponding HARQ process, if configured;

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


According to current MAC spec, it can be found that an uplink grant addressed to CS-RNTI with NDI=1 is not viewed as a configured grant. In fact, such grant is a retransmission grant which is dynamically scheduled by the network. We think such grant shall be viewed as a dynamic grant.
Proposal 7: An uplink grant addressed to CS-RNTI with NDI=1 shall be viewed as a dynamic grant.
Open issue 5: UE behaviour when the retransmission grant for a deprioritized configured grant is deprioritized again.
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Fig.1 Retransmission grant for a deprioritized configured grant is deprioritized again
Take the Fig.1 as an example. A MAC PDU is generated for CG1, but CG1 is deprioritized due to an overlapped DG1 whose priority level is higher. The network schedules a retransmission grant for CG1 via a DCI addressed by CS-RNTI. Based on the previous proposal 7, such retransmission shall be viewed as a dynamic grant, i.e. DG2. Unfortunately, DG2 is also deprioritized due to an overlapped DG3 with a higher priority level. Then the issue is whether UE can autonomously transmit the stored MAC PDU through CG2. 

In the RAN2 #106 meeting, the following agreements have been achieved:

	· For de-prioritized PUSCH on dynamic grant, the UE should store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission using the same HARQ process. 
· For de-prioritized PUSCH on configured grants, a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission. b) FFS if the UE could transmit it using the subsequent radio resources e.g. associated with the same HARQ process

· The above agreements are at least applicable for cases when MAC has already generated the de-prioritized MAC PDU 


We think UE can perform autonomous transmission for de-prioritized PUSCH on configured grants. While for de-prioritized PUSCH on dynamic grants, the retransmission will rely on the gNB’s scheduling. Based on the above consideration, we think in the case that retransmission grant for a deprioritized configured grant is deprioritized again and the MAC entity is configured with autonomousReTx, UE will not perform the autonomous retransmission in the subsequent configured grant. No changes to the normative text of the MAC running CR for IIoT are needed for this issue.
Proposal 8: In case that retransmission for a deprioritized configured grant is deprioritized again and the MAC entity is configured with autonomousReTx, UE will not perform the autonomous retransmission in the subsequent configured grant.
3. Conclusion

In this contribution, we have listed and analysed some open issues for configured grant, and made the following proposals:
Proposal 1: Configured grants restricted to be used by a running configuredGrantTimer are not considered as valid uplink grants for priority determination.

Proposal 2: When the HARQ buffer of the identified HARQ process is flushed, the configuredGrantTimer for the corresponding HARQ process shall be stopped, if running.

Proposal 3: When a retransmission grant is ignored and the corresponding HARQ buffer is empty, the configuredGrantTimer for the corresponding HARQ process shall be stopped, if running.
Proposal 4: AllowedPriorityLevels is not applied to configured grant.
Proposal 5: UE will not use CG resources from different CG configurations to perform autonomous transmission.

Proposal 6: An uplink grant addressed to CS-RNTI with NDI=0 shall be viewed as a configured grant.

Proposal 7: An uplink grant addressed to CS-RNTI with NDI=1 shall be viewed as a dynamic grant.
Proposal 8: In case that retransmission grant for a deprioritized configured grant is deprioritized again and the MAC entity is configured with autonomousReTx, UE will not perform the autonomous retransmission in the subsequent configured grant.
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