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1 Introduction

In this paper, we discuss two remaining issues regarding NR-U configured grant:

1. How to support multiple CG for NR-U

2. Whether to support multiple SPS for NR-U

3. The Running CR implementation regarding PDU overwritten issue.

In the Annex, we have listed all the related agreements for NR-U configured grant since the WI.
2 Discussion
2.1 Supporting multiple active CG/SPS in NR-U
It’s agreed to support multiple CGs per UL BWP for NR-U as also agreed in IIoT work item.
In general, the frame work developed in IIoT for supporting multiple CGs per UL BWP can be also applied to NR-U, there should be no specific issues to handle.

We also think the main motivation for NR-U to support multiple CGs per UL BWP is to improve the transmission opportunities, in either time domain or frequency domain. In order to achieve this purpose, we should handle the case when UE fails to transmit on a CG resource belonging to one of the active CG configuration due to LBT failure, it should be allowed to use another available CG resource which may belong to another CG configuration to have another try. In other words, UE may generate TB pending for transmission due to LBT failure in one of the CG, then if another CG resource belonging to different CG configuration is available (i.e., LBT is successful), the pending TB can be allowed to use that CG resource to transmit.

Proposal 1 UE can be allowed to use a CG resource belonging to different CG configuration to transmit the pending TB due to LBT failure.

In previous NR-U discussion, the similar case has been discussed, and we had the conclusion that the pending TB can be transmitted using another available CG resources with the same HARQ process, as we agreed in RAN2 #107 meeting as follows:
· On LBT failure at TX on CG, the UE transmits the pending TB using same HARQ process, in a CG resource.

Considering multiple CG configurations case, the situation may be different. For IIoT discussion, it’s been agreed that different CG configuration should be configured with different HARQ process set, i.e., it’s achieved by configuring a HARQ process ID offset for each of the activated CG configuration, as agreed in RAN2#107bis meeting as follows:

· R2 assumes that HARQ offset parameter is explicitly configured by the network for each CG/SPS configuration.

· For CG, HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-procID-offset.
According to the agreements from IIoT session, it means UE can not select the same HARQ process ID to transmit the pending TB for a certain HARQ process when it use an available CG resource belonging to different CG configuration. This may require some further discussions in NR-U case.
Observation 1 For NR-U with multiple CG configurations, UE can not use the same HRAQ process to transmit the pending TB on another different CG configuration due to LBT failure on a CG resource.
In general, there are two solutions:
Solution 1: we follow the principle agreed in NR-U session, i.e., on LBT failure upon transmission on a CG resource, the UE transmits the pending TB using the same HARQ process even if the CG resource belonging to another different CG configuration. With this principle, we actually allow same HARQ process set for different CG configuration in NR-U. In other words, network can configure the same HRAQ process IDs for different CG configuration in NR-U, and it’s up to UE implementation to select the HARQ process ID for each CG resource.
Solution 2: we follow the principle agreed in IIoT session, i.e., different CG configuration can not use the same HARQ process ID, i.e., by configuring a HARQ offset for each of the configured CG configuration. By doing so, it will need to introduce another mechanism for NR-U so that the UE can still transmit the pending TB using a different HARQ process when the CG resource belonging to another different CG configuration. It means somehow that the UE needs to move the stored pending TB from one HARQ buffer to another HARQ buffer. It’s feasible but it’s not desired from the complexity of MAC specification point of view.
Proposal 2 For multiple CGs in NR-U, UE can transmit the pending TB using the same HARQ process when the CG resource belonging to another different CG configuration.
There are some other issues concluded in IIoT when discussing the supporting of multiple CGs per UL BWP, some of them are copied as following from RAN2#107bis meeting:

· Introduce SPS/CG index to identify each SPS/CG among multiple SPS/CG configurations, i.e., as in Rel-15 LTE.
· The association between “state” (used in the joint release DCI) and the CG configuration(s) for type-2 CG is configured via RRC message.
· Each CG configuration is always configured independently, as in Rel-15 LTE. 
· Support simultaneous Type 1 & 2 CG configurations in a BWP.
· CG periodicities of any integer-multiple of one slot (FFS if we go even lower, e.g. 2 symb, 7 symb) below a maximum value should be supported. FFS on the maximum value of integer N. 

· Introduce a new confirmation MAC CE format in Rel-16, which reflects the confirmation of multiple configured grant configurations 
· A single LCH can be map to multiple CG configurations.

· Multiple LCHs can be map to a single CG configuration.
We think all the above conclusions can be applied to NR-U when supporting multiple CG configuration per UL BWP. If proposal 2 is confirmed, we don't need to signal a HARQ process offset for each configured CG configuration since it’s up to UE implementation to select the HARQ process ID even though the CG resource belongs to different CG configuration.

Proposal 3 All the conclusions agreed in IIoT for supporting multiple CGs can be applied to NR-U, except that each CG configuration is configured with a HARQ process offset.

For the downlink SPS configuration, it’s also agreed in IIoT that UE can support up to 8 simultaneously activated SPS per BWP. If the motivation for supporting multiple CGs in NR-U is to increase the transmission opportunities, it’s also applied to the downlink transmission. We, thus, think it’s feasible to support multiple SPS configurations per BWP for NR-U to increase the downlink transmission opportunities. Similar as uplink CG, all the conclusions made in IIoT can be applied to NR-U except that the network does not need to configure a HARQ process offset for each SPS configuration.
Proposal 4 NR-U can support simultaneously activated 8 SPS configurations per BWP as agreed in IIoT.

2.2 Remaining issues for PDU overwritten
Scenario 1: CG overwrite CG

As shown in the Figure 1, UE initiates new transmission on the configured grant, and it fails due to LBT. Then, according to the agreements, the CG timer is not started/restarted. Thus, for the next CG resources, when the UE initiates new transmission on the same HARQ process, the buffered data will be overwritten by the new initiated data.
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Figure 1 CG overwrite CG

For this issue, the related agreements and progress are as follows:

In RAN2#105bis meeting, we confirmed this issue and concluded that the CG timer will not be started for this case:

· R2 assumes that the configured grant timer is not started/restarted when configured grant is not transmitted due to LBT failure. PDU overwrite need to be avoided somehow. 

Then in RAN2#107 meeting, we further agreed that UE can transmit the pending TB on a CG resource using the same HARQ process:
· On LBT failure at TX on CG, the UE transmits the pending TB using same HARQ process, in a CG resource.

In last RAN2#107bis meeting, we have the following agreement:
· HARQ process id selection is based on UE implementation. Ongoing retransmissions on HARQ processes should be prioritized.
According to the running CR implementation as follows, it makes the CG timer started upon delivery the UL grant to HARQ entity but before the transmission of the UL grant. It works because when LBT fails for the UL grant, the UE would perform retransmission using the next available CG resource with the same HARQ process, i.e., the UE will check the “else if” branch when the CG timer is running.

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 (i.e. new transmission):

3>
consider the NDI bit for the corresponding HARQ process to have been toggled;

3>
start the configuredGrantTimer for the corresponding HARQ process;
3>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

2>
else if the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running (i.e. retransmission on configured grant):

3>
if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a configured uplink grant: 

4>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

Observation 2 The running CR correctly implemented the agreements for “On LBT failure at TX on CG, the UE transmits the pending TB using same HARQ process, in a CG resource”.
However, it should be noted that this implementation actually changes the legacy behaviour for configured grant operated in licensed carrier. Since in legacy, actually UE does not start CG timer when UL grant is delivered to HARQ entity. It would be good to keep the legacy behaviour, i.e., the current wording can be updated as follows:

2>
if the configuredGrantTimer for the corresponding HARQ process is not running (i.e. new transmission):

3>
consider the NDI bit for the corresponding HARQ process to have been toggled;

3>
start the configuredGrantTimer for the corresponding HARQ process if the cg-RetransmissionTimer for the HARQ process is configured;
Thus, we propose:
Proposal 5 When delivering the UL grant to the HARQ entity, start the CG timer for the corresponding HARQ process when the HARQ process is configured with CG retransmission timer.
Scenario 2: DG overwrite CG

As shown in the following Figure 2, UE fails to transmit on the configured grants, of which gNB is not aware of. In this case, gNB may dynamically schedule a uplink transmission using the same HARQ process which the UE uses to transmit on the previous configured grants. Then, the dynamic grant using the same HARQ process will overwrite previous configured grants.
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Figure 2 DG overwrites CG

In last RAN2#107bis meeting, we concluded this issue is not handled in NR-U and we follow legacy behaviour:
· No special handling for HARQ process sharing between configured grant and dynamic grants (i.e. follow licensed specifications)
According to the current specification, if the UL grant is for C-RNTI and the previous delivered UL grant with the same HARQ process was a configured grant, the UE consider the NDI been toggle and deliver the UL grant to HARQ entity:

1>
if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity's C-RNTI or Temporary C-RNTI; or

1>
if an uplink grant has been received in a Random Access Response:

2>
if the uplink grant is for MAC entity's C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the MAC entity's CS-RNTI or a configured uplink grant:

3>
consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.

2>
if the uplink grant is for MAC entity's C-RNTI, and the identified HARQ process is configured for a configured uplink grant:

3>
start or restart the configuredGrantTimer for the correponding HARQ process, if configured.

2>
deliver the uplink grant and the associated HARQ information to the HARQ entity.

When the UL grant is in the HARQ entity, it will check the condition as follows:
2>
if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
And performs the following behaviour:

3>
else:

4>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;
Thus, basically, it means that the pending TB due to LBT failure on CG resource will be replaced by the newly generated MAC PDU for the UL grant addressed to C-RNTI.

If this is the case, we would like to confirm and have a more clear agreement reflecting this understanding, i.e., interpreting the original agreement “No special handling for HARQ process sharing between configured grant and dynamic grants (i.e. follow licensed specifications)” as following proposal:
Proposal 6 When UE receives a UL grant for C-RNTI, and if there is a pending TB in the HARQ buffer, the pending TB will be replaced by a newly generated MAC PDU for the UL grant for C-RNTI.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
UE can be allowed to use a CG resource belonging to different CG configuration to transmit the pending TB due to LBT failure.
Proposal 2
For multiple CGs in NR-U, UE can transmit the pending TB using the same HARQ process when the CG resource belonging to another different CG configuration.
Proposal 3
All the conclusions agreed in IIoT for supporting multiple CGs can be applied to NR-U, except that each CG configuration is configured with a HARQ process offset.
Proposal 4
NR-U can support simultaneously activated 8 SPS configurations per BWP as agreed in IIoT.
Proposal 5
When delivering the UL grant to the HARQ entity, start the CG timer for the corresponding HARQ process when the HARQ process is configured with CG retransmission timer.
Proposal 6
When UE receives a UL grant for C-RNTI, and if there is a pending TB in the HARQ buffer, the pending TB will be replaced by a newly generated MAC PDU for the UL grant for C-RNTI.
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5 Annex – Agreements for NR-U configured grant
In RAN2#105bis meeting, the following agreements are made regarding NR-U configured grant:
· R2 assumes that the configured grant timer is not started/restarted when configured grant is not transmitted due to LBT failure. PDU overwrite need to be avoided somehow. 
· The configured grant timer is not started/restarted when UL LBT fails on PUSCH transmission for grant received by PDCCH addressed to CS-RNTI scheduling retransmission for configured grant

· The configured grant timer is not started/restarted when the UL LBT fails on PUSCH transmission for UL grant received by PDCCH addressed to C-RNTI, which indicates the same HARQ process configured for configured uplink grant
· Retransmissions of a TB using configured grant resources, when initial transmission or a retransmission of the TB was previously done using dynamically scheduled resources, is not allowed
· A new timer is introduced for auto retransmission (i.e. timer expiry = HARQ NACK) on configured grant for the case of the TB previous being transmitted on a configured grant “CG retransmission timer”.
· the new timer is started when the TB is actually transmitted on the configured grant and stopped upon reception of HARQ feedback (DFI) or dynamic grant for the HARQ process. 

· the legacy configured grant timer and behaviour is kept for preventing the configured grant overriding the TB scheduled by dynamic grant, i.e. it is (re)started upon reception of the PDCCH as well as transmission on the PUSCH of dynamic grant.

In RAN2#107 meeting, the following agreements are made regarding NR-U configured grant:

· The CG retransmission timer value is configured per configured grant configuration (i.e., ConfiguredGrantConfig) and the CG retransmission timer is maintained per HARQ process.
· Autonomous retransmission on CG resource is prohibited for a HARQ process while the CG retransmission timer for the HARQ process is running.

· Both CG timer and CG retransmission timer are used at the same time for a HARQ process.
· The value of the CG retransmission timer is shorter than the value of the CG timer.

· The CG timer is not restarted at autonomous retransmission on CG resource after the CG retransmission timer expiry.
· The UE does not stop the CG timer upon NACK feedback reception, and stops the CG timer upon ACK feedback reception. 

· On LBT failure at TX on CG, the UE transmits the pending TB using same HARQ process, in a CG resource.

· CS-RNTI is used for scheduled retransmission, and C-RNTI is used for new transmission, similar to NR CG. To be confirmed by RAN1.
· Collisions DG CG is FFS

In RAN2#107bis meeting, the following agreements are made:

· When configuredGrantTimer expires, the UE should stop the CGretransmission timer (CGRT) if it is still running.  

· Upon receiving CG activation command, stop the CG retransmission timer for HARQ processes configured for the CG

· No special handling for HARQ process sharing between configured grant and dynamic grants (i.e. follow licensed specifications)

· HARQ process id selection is based on UE implementation.   Ongoing retransmissions on HARQ processes should be prioritized.
· Multiple active CG configurations should be allowed for NR-U.  Details are FFS
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