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Introduction
There are still some remaining issues for further discussions.  The remaining issues covered by this paper include 
1) Activation and deactivation of multiple CG configurations
2) HARQ process handling in case reception of a DCI activation command
3) CG with repetition
[bookmark: _Ref525834269][bookmark: _Toc16701630]Discussion
Multiple active configured grant configurations
[bookmark: _Toc19791224][bookmark: _Toc20486583]In NR-U, it has been agreed to support multiple CG configurations for a BWP. There are two remaining issues to be addressed.
Issue 1: how to activate or deactivate a Type 2 CG configuration?
Issue 2: how to confirm a configured grant activation or deactivation?
The above issues were already concluded in the IOT WI. 
Below are related RAN1 agreements.
Agreements:
· Support DCI format 0-0, 0-1 and new DCI format scheduling PUSCH for Rel.16 Type 2 CG activation.

Agreements:
· Support DCI format 0-0 for Rel.16 Type 2 CG release.
· As a working assumption, also DCI format 0-1 and the new DCI format

Agreements:
· M (M<=4) least significant bits of HPN field in DCI format 0-0 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.
· M (M<=4) least significant bits of HPN field in DCI format 0-1 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated.
· M (M<=4) least significant bits of HPN field in DCI format 0-1 with CRC scrambled by CS-RNTI is used to indicate which configuration(s) is to be released.
· FFS details of M, including M can be the same or different for activation and release DCI.

[bookmark: _Toc29376291][bookmark: _Toc29376304][bookmark: _Toc29376382][bookmark: _Toc31286491][bookmark: _Toc32390533][bookmark: _Toc32496951][bookmark: _Toc32498486][bookmark: _Toc32508389][bookmark: _Toc32521250][bookmark: _Toc32522029]The HARQ process number field in the UL DCI (format 0-0 and format 0-1) scrambled by CS-RNTI is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.
Below are related RAN2 agreements
· Multiple CG activation/deactivation confirmation MAC CE contains only a bitmap of CG configurations using CG ID unique per MAC entity and configured by RRC in addition to CG ID introduced by RAN1.
· Multiple CG activation/deactivation confirmation MAC CE uses new LCID value.

[bookmark: _Toc29376292][bookmark: _Toc29376305][bookmark: _Toc29376383][bookmark: _Toc31286492][bookmark: _Toc32390534][bookmark: _Toc32496952][bookmark: _Toc32498487][bookmark: _Toc32508390][bookmark: _Toc32521251][bookmark: _Toc32522030]A bitmap of CG configurations has been agreed to be adopted to Multiple CG activation/deactivation confirmation MAC CE.
In addition, the detailed bitmap size is going to be defined in the IOT WI.
Based on above findings, it is enough for NR-U to use the same agreements as in the IOT WI. Therefore, no further standardization work is needed for NR-U with respect to activation and deactivation of CG configurations.
[bookmark: _Toc23840841][bookmark: _Toc23977438][bookmark: _Toc23977522][bookmark: _Toc23977602][bookmark: _Toc23977656][bookmark: _Toc23977881][bookmark: _Toc24018855][bookmark: _Toc24019412][bookmark: _Toc24026843][bookmark: _Toc24042263][bookmark: _Toc24042305][bookmark: _Toc24042624][bookmark: _Toc24042823][bookmark: _Toc24043201][bookmark: _Toc29313669][bookmark: _Toc29376293][bookmark: _Toc29376306][bookmark: _Toc29376385][bookmark: _Toc29376459][bookmark: _Toc31286496][bookmark: _Toc32229464][bookmark: _Toc32496957][bookmark: _Toc32521256][bookmark: _Toc32522035]It is left to IOT WI to define activation and deactivation of CG configurations. No further work is needed for NR-U in Rel-16.
HARQ process handling 
As agreed in RAN2#107bis, 
1. Upon receiving CG activation command, stop the CG retransmission timer for HARQ processes configured for the CG
RAN2 is working on implementation of the above agreement in the running MAC spec CR.  There are some issues observed regarding UE behaviours of handling HARQ processes when the UE has received a CG activation command.
As highlighted in the MAC spec, in NR Rel-15, the UE only stops the configuredGrantTimer for the corresponding HARQ process, upon reception of a DCI activation/re-activation command. Such behaviour is reasonable for Rel-15 UE, since the UE selects the HARQ Process ID for a PUSCH according to the PUSCH transmission time, i.e.,the first symbol of the PUSCH transmission. In this case, a UE knows which HARQ process the DCI (re)activation command is addressing, i.e., the HARQ process associated with the first transmission occasion after the activation/re-activation. 

          2> else if the NDI in the received HARQ information is 0:
3>	if PDCCH contents indicate configured grant Type 2 deactivation:
4>	trigger configured uplink grant confirmation.
3>	else if PDCCH contents indicate configured grant Type 2 activation:
4>	trigger configured uplink grant confirmation;
4>	store the uplink grant for this Serving Cell and the associated HARQ information as configured uplink grant;
4>	initialise or re-initialise the configured uplink grant for this Serving Cell to start in the associated PUSCH duration and to recur according to rules in clause 5.8.2;
4>	stop the configuredGrantTimer for the corresponding HARQ process, if running;
4>	stop the cg-RetransmissionTimer for the correponding HARQ process, if running.

Determining which is the “corresponding HARQ process” is important from an operational point of view, since the UE will then flush the buffer related to this HARQ process. In legacy, that is needed because in this way the UE can immediately send a new MAC PDU containing the confirmation MAC CE in the first configured grant occasion.
2>	if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured (i.e. new transmission):
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.

[bookmark: _Ref32419548][bookmark: _Toc32496953][bookmark: _Toc32498488][bookmark: _Toc32508391][bookmark: _Toc32521252][bookmark: _Toc32522031]In NR Rel-15, the UE stops the CGT timer for the corresponding HARQ process, i.e., the HARQ process associated with the first transmission occasion after the activation/re-activation, and flush the corresponding HARQ buffer. That allows the UE to immediately send, at the fist configured grant occasion, a new MAC PDU containing the confirmation MAC CE. 
For a CG configuration with the CGRT timer configured, it is questionable how to handle the CGRT/CGT timers upon reception of a DCI activation/re-activation command, since the selection of the HARQ process to transmit is up to UE implementation and there is no such a specific HARQ process which can be associated with the first transmission occasion after the activation/re-activation.
Therefore, when it comes to configured UL grant operations in unlicensed spectrum, it is not clear which is the corresponding HARQ process. 
[bookmark: _Toc32390536][bookmark: _Toc31286494][bookmark: _Toc32496954][bookmark: _Toc32498489][bookmark: _Toc32508392][bookmark: _Toc32521253][bookmark: _Toc32522032]Due to the nature of configured UL grant operations in unlicensed spectrum, it is not clear which is the “corresponding HARQ process” to which a DCI (re)activation command refers to.
In one option, it could be left to UE implementation to determine which is this corresponding HARQ process. However, we believe that this might not be correct. In fact, unlike legacy operations, the configured grant can be used by the UE also to perform retransmissions, and since RAN2 agreed that the UE shall prioritize retransmissions over new transmissions when selecting an HARQ process, the issue is when the MAC CE confirmation will be sent. 
As observed in Observation 3, in legacy the UE will for sure send the confirmation MAC CE immediately after the DCI (re)activation command, i.e. at the first configured grant occasion, but this apparently will not be the case in unlicensed operations. Such functional changes compared with legacy does not seem to be motivated, because the MAC CE transmissions will be delayed. Therefore, to avoid this issue, RAN2 would need to specify that the UE shall prioritize the new transmission (containing the MAC CE confirmation) over retransmissions upon reception of the DCI (re)activation command. 
Additionally, even assuming that only one HARQ process (up to UE implementation which one) is flushed, it remains the issue of what happens to the other HARQ processes. In fact, after (re)activation, those HARQ processes might not fit anymore into the grant size of the newly (re)activated configured UL grant. So it will not be possible for the UE to flush those HARQ processes until CGT expires. We note that this problem does not exist in legacy because, unlike NR-U, the configured UL grant can only convey new transmissions, while retransmissions are always dynamically scheduled. Therefore, to avoid this issue, we would need to modify to normal NR-U operations and specify that upon reception of DCI (re)activation command, the usage of configured UL grant is restricted to only new transmissions, and retransmissions are dynamically scheduled.
[bookmark: _Toc32496955][bookmark: _Toc32498490][bookmark: _Toc32508393][bookmark: _Toc32521254][bookmark: _Toc32522033]Leaving to UE implementation the selection of the “corresponding HARQ process” upon reception of the DCI (re)activation command might imply the need to specify new UE behaviours, in order to allow prompt transmission of the confirmation MAC CE, and to handle HARQ retransmissions.
Therefore, we believe that a preferable simpler approach, requiring less functional changes to the NR-U system, is that the UE can just stop the CGRT timers for all configured HARQ processes if the respective CGRT timer is running. Hence, the UE shall also flush the HARQ buffers for all HARQ processes which the UE is currently using, and consider NDI bits for all configured HARQ processes to be toggled. Meanwhile, the UE can trigger corresponding upper layer retransmissions for those flushed TBs. 
Obviously, the proposed UE actions should not be applicable to those HARQ processes which are being used by other CG configurations as well. Therefore, we make the below proposal.
[bookmark: _Toc31286497][bookmark: _Toc32229465][bookmark: _Toc32496958][bookmark: _Toc32521257][bookmark: _Toc32522036]Upon receiving a CG activation command, for each HARQ process configured for the CG and not being used by other CG configurations, the UE performs the below actions: 
a. [bookmark: _Toc32229466][bookmark: _Toc32496959][bookmark: _Toc32521258][bookmark: _Toc32522037][bookmark: _Toc31286498]stop the CGT for the HARQ process
b. [bookmark: _Toc32229467][bookmark: _Toc32496960][bookmark: _Toc32521259][bookmark: _Toc32522038]stop the CGRT for the HARQ process
c. [bookmark: _Toc31286499][bookmark: _Toc32229468][bookmark: _Toc32496961][bookmark: _Toc32521260][bookmark: _Toc32522039]flush the HARQ buffer for the HARQ process
d. [bookmark: _Toc31286500][bookmark: _Toc32229469][bookmark: _Toc32496962][bookmark: _Toc32521261][bookmark: _Toc32522040]consider the NDI to be toggled for the HARQ process.
CG with repetition
At a CG occasion in a CG configuration with TB repetition (i.e., repK > 1 in the ConfiguredGrantConfig), for a new transmission, the UE selects data from the set of LCHs which are mapped to the CG configuration to build the TB. The UE starts the CGT timer for the associated HARQ process immediately after the TB is transmitted at the PHY layer. After the TB has been transmitted, for the transmission of a subsequent TB repetition, the configured grant resource can be selected as follows. 
Option 1: the UE chooses a configured resource in the same CG configuration which is used for the initial transmission (i.e. retransmissions are restricted within the same configuration where the initial transmission is preformed).
Option 2: the UE uses any CG resource, possibly belonging to another CG configuration, which comes earliest in the time to perform retransmission. In addition, the selected resource shall provide same size as the same initial TB to avoid rate-matching on the TB. The same HARQ process shall be used to transmit a subsequent TB repetition. In this option, the UE may select a resource in a CG configuration not configured with repetition (i.e., repK =1 in the ConfiguredGrantConfig) to transmit a subsequent TB repetition.

We think it is beneficial to apply Option 2 since it can reduce the latency.
[bookmark: _Toc31286501][bookmark: _Toc32229470][bookmark: _Toc32496963][bookmark: _Toc32521262][bookmark: _Toc32522041]The UE can transmit a TB repetition using a different CG configuration/resource from the one used for the initial transmission. The selected resource shall provide same size as the initial TB.
For every TB transmitted with a configured grant, the UE starts the CGT timer for the associated HARQ process immediately after the TB is initially transmitted at the PHY layer regardless if repetition is configured or not. This makes sense since the CGT timer is started to avoid the HARQ process to be overriden by another CG grant while a repetition is being transmitted.
[bookmark: _Toc32390537][bookmark: _Toc32496956][bookmark: _Toc32498491][bookmark: _Toc32508394][bookmark: _Toc32521255][bookmark: _Toc32522034]For a configured grant, the UE starts the CGT timer for the associated HARQ process immediately after the TB is initially transmitted at the PHY layer regardless if repetition is configured or not.
For a CG based transmission without TB repetition, the CGRT timer is started/restarted for the HARQ process after every transmission and retransmission with a CG resource. In case TB repetition is configured, the UE can transmit a subsequent TB repetition directly after the initial transmission. In other words, the UE doesn’t wait for expiry of the CGRT timer. From this perspective, a TB repetition is different from a TB retransmission. On the other hand, it would be beneficial for the UE to continue with autonomous retransmissions after K repetitions since the UE may not be able to receive HARQ A/N from the gNB for the TB. Therefore, the CGRT timer is still needed. Therefore, for the start of the CGRT timer, we can foresee two possible options.
Option 1: the CGRT is started and restarted immediately after every TB repetition is transmitted using a configured grant. As to the timer value, the UE sets the timer as the value configured in the CG configuration which is used for the transmission of the corresponding TB repetition.
Option 2: the CGRT is started immediately after the last TB repetition is transmitted using a configured grant. As to the timer value, the UE sets the timer as the value configured in the CG configuration which is used for the transmission of the last TB repetition
From performance perspective, there is no much difference between the 2 options. However, we think Option 1 is better since the UE will apply the same framework to handle the CGRT timer regardless if the transmission is a TB repletion or retransmission of a TB, i.e., the CGRT timer is started/restarted after a transmission is performed using a configured grant. 
[bookmark: _Toc31286503][bookmark: _Toc32229472][bookmark: _Toc32496964][bookmark: _Toc32521263][bookmark: _Toc32522042]The CGRT is started and restarted immediately after every TB repetition is transmitted using a configured grant if none of the below condition is fulfilled. 
e. [bookmark: _Toc31286504][bookmark: _Toc32229473][bookmark: _Toc32496965][bookmark: _Toc32521264][bookmark: _Toc32522043]A HARQ acknowledgement (ACK or NACK) for the associated HARQ process is received
f. [bookmark: _Toc31286505][bookmark: _Toc32229474][bookmark: _Toc32496966][bookmark: _Toc32521265][bookmark: _Toc32522044]A dynamic grant indicating a new transmission associated with the same HARQ process is received
g. [bookmark: _Toc31286506][bookmark: _Toc32496967][bookmark: _Toc32521266][bookmark: _Toc32522045][bookmark: _Toc32229475]The CGT timer is expired. 

Conclusion

In section 2 we made the following observations:
Observation 1	The HARQ process number field in the UL DCI (format 0-0 and format 0-1) scrambled by CS-RNTI is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.
Observation 2	A bitmap of CG configurations has been agreed to be adopted to Multiple CG activation/deactivation confirmation MAC CE.
Observation 3	In NR Rel-15, the UE stops the CGT timer for the corresponding HARQ process, i.e., the HARQ process associated with the first transmission occasion after the activation/re-activation, and flush the corresponding HARQ buffer. That allows the UE to immediately send, at the fist configured grant occasion, a new MAC PDU containing the confirmation MAC CE.
Observation 4	Due to the nature of configured UL grant operations in unlicensed spectrum, it is not clear which is the “corresponding HARQ process” to which a DCI (re)activation command refers to.
Observation 5	Leaving to UE implementation the selection of the “corresponding HARQ process” upon reception of the DCI (re)activation command might imply the need to specify new UE behaviours, in order to allow prompt transmission of the confirmation MAC CE, and to handle HARQ retransmissions.
Observation 6	For a configured grant, the UE starts the CGT timer for the associated HARQ process immediately after the TB is initially transmitted at the PHY layer regardless if repetition is configured or not.

Based on the discussion in section 2 we propose the following:
Proposal 1	It is left to IOT WI to define activation and deactivation of CG configurations. No further work is needed for NR-U in Rel-16.
Proposal 2	Upon receiving a CG activation command, for each HARQ process configured for the CG and not being used by other CG configurations, the UE performs the below actions:
a.	stop the CGT for the HARQ process
b.	stop the CGRT for the HARQ process
c.	flush the HARQ buffer for the HARQ process
d.	consider the NDI to be toggled for the HARQ process.
Proposal 3	The UE can transmit a TB repetition using a different CG configuration/resource from the one used for the initial transmission. The selected resource shall provide same size as the initial TB.
Proposal 4	The CGRT is started and restarted immediately after every TB repetition is transmitted using a configured grant if none of the below condition is fulfilled.
a.	A HARQ acknowledgement (ACK or NACK) for the associated HARQ process is received
b.	A dynamic grant indicating a new transmission associated with the same HARQ process is received
c.	The CGT timer is expired.
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