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1. Introduction 
In the RAN2 #107bis meeting, following agreements were achieved for LCP restrictions for CG and DG, CG confirmation MAC CE [1]. In addition, a LS [2] was sent to RAN1 to request the support for indication in PHY in order to differentiate the DG traffic requiring high reliability. 
	A single LCH can be map to multiple CG configurations.
Multiple LCHs can be map to a single CG configuration.
R2 think it would be useful to introduce a new LCP restriction in the following way: The DCI that is scheduling PUSCH may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize grant with this indication or not. R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability.
Introduce a new confirmation MAC CE format in Rel-16, which reflects the confirmation of multiple configured grant configurations



In the RAN1#98bis meeting, following was agreed regarding to the “indication” for CG and DG [3]:
	Agreements:
2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

Agreements:
2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats



In this contribution, we present our views on the remaining L2 impacts to support multiple SPS/CG configurations including the enhancements for LCH restrictions, configuredGrantTimer and CG MAC CE confimration. 
2. Discussion
2.1. LCH restrictions
Based on the last RAN2 meeting discussions and agreements, it is complex to define the association between the physical transmission parameters e.g. MCS, transmission duration, repetition factors etc and a specific QoS. For simplicity and flexibility, it was agreed for DG to use a specific indication included in the DCI and LCH configuration information in RRC to decide whether the LCH can utilize the grant with this indication or not. Based on RAN1’s agreements, the indication is 2 level and delivered by PHY indication/signalling.
For CG, RAN1 also agrees to introduce a 2-level priority RRC parameter for each CG configuration. Therefore, for each CG, the LCP restriction can be performed in the similar way as that for DG: the RRC configures each CG may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize the CG with this indication or not. By above, a unified solution for LCH restriction mechanism for both DG and CG can be achieved. 
Proposal 1: it would be desirable to have a unified new LCP restriction for both CG and DG.  
Proposal 1a: for CG, the LCP restriction is performed in the following way: the RRC configures each CG may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize the CG with this indication or not. R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability. 

2.2. Configured grant timer 
In Rel.15 NR, following is specified [4]: 
	[bookmark: _Toc20428289]5.4.1	UL Grant reception
[… …]
If the MAC entity has a C-RNTI, a Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this PDCCH occasion:
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.
[… …]
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.


 
From above, it can be seen that in Rel.15, HARQ processes are shared between the dynamic grant and configured grant. Configured grant timer is defined to prevent the configured grant from using the HARQ process which is occupied by the dynamic grant. If the configured grant timer is running for a HARQ process, the HARQ process will be locked and it cannot be used for new data transmission with configured grant; While even if the configured grant timer is running for a HARQ process, the HARQ process can still be re-assigned to dynamic grant, in which case the configured grant timer is restarted. 
In Rel.16, multiple configured grant configurations for a given BWP is supported. Although HARQ ID offset is introduced to avoid the HARQ process collision among multiple configured grant configurations, it depends on gNB’s decision/configuration on whether to allow HARQ process sharing among multiple CGs. It is not always possible for multiple configurations have separate HARQ process considering the trade-off of the soft-buffer size, number of configurations v.s. number of HARQ processes and it is not always necessary for multiple configurations have separate HARQ process especially when the multiple configurations are used to reduce the transmission alignment delay. Regarding the HARQ processes between dynamic grant and multiple configured grants, same as in Rel.15, it is beneficial to support HARQ process sharing; Otherwise the number of HARQ process available for dynamic PUSCH is quite limited, the scheduling flexibility and the peak data rate will be largely reduced. 
Observation 1: it is gNB’s decision on whether to share HARQ process among multiple CG configurations.
Proposal 2: support HARQ process sharing between dynamic grant and multiple configured grant(s). 
In Rel.16, it is not always true that the the priority of dynamic grant is higher than that of configured grant. In addition, among multiple CGs, at least two-level priority can be configured by RRC. When HARQ processes are shared between the DG and CG, between CG and CG, the HARQ processes for the grant with higher priority should not been locked by the grant with lower priority Therefore, at least modifications on above configured grant timer starts or restarts for the HARQ process(es) used by dynamic grant are necessary. Possible solution is to add some conditions on when/how to start/(re)start the configured grant timer for a HARQ process shared by different grants. For example, for a HARQ process, regardless of the associated configured grant timer is running or not for a traffic with lower priority, a traffic with higher priority indication can be prioritized to use the same HARQ process and start/(re)start the configured grant timer to lock the HARQ process for traffic with lower priority; However, for a traffic with lower priority using a HARQ process, only when the associated configured grant timer is NOT running, it can use the HARQ process to deliver its data. 
Proposal 3: priority indication should be added as one condition on when to (re)starts the configuredGrantTimer in order to realize following:
· the HARQ process for a grant with high priority should be locked for a grant with lower priority. 
· the HARQ process for a grant with high priority should NOT be locked by a grant with lower priority. 
2.3. CG activation/deactivation confirmation 
It was agreed to introduce a new confirmation MAC CE format in Rel-16, which reflects the confirmation of multiple configured grant configurations without any details. Generally, two options can be considered:
Option 1: enhance the MAC CE to only include the information of which CG configuration(s) is activated/deactivated.
Option 2: enhance the MAC CE to include the information of which CG configuration(s) of which BWP of which serving cell is activated/deactivated. 
Firstly, to indicate the CG index, it is proposed to use the bitmap-based format for simplicity and flexibility. Using other ways e.g. codepoint-based format cause the complexity when some specific configuration(s) is/are re-activated or released.
Secondly, for option 1, there are two sub-options. Option 1-1 is there is no restriction on which carrier/BWP to transmit the MAC CE; Option 1-2 is there is restriction on the MAC CE transmission that it is only allowed to be transmitted on the activated and will be released resource. Option 1-2 has the least overhead. However, it may result in long confirmation delay. In addition, it seems not reasonable and resource efficient that only the confirmation MAC CE (without data) is still transmitted on the ‘released’ resource, and it is not clear whether it has impacts on the design of the release DCI which including the MCS, DMRS, TPC command information. For Option 1-1, the MAC CE should include the CG index for all CCs configured with CG. Therefore, it is expected that the MAC CE length is variable and highly impacted by on the carrier and/or CG (re)configurations. The largest overhead can be expected in most of the time. 
For option 2, the information on which configuration, which BWP and which serving cell is explicitly indicated by the MAC CE. Compared with option 1, option 2 has smaller overhead and reduce the acknowledgement delay, it has no restrictions on which carrier, which resource the confirmation MAC CE can be sent on, achieving the most flexibility. In addition, it is noted that RAN1 was agreed to support DCI format 0_1 and new DCI format which contains the CIF and/or BWP id to allow cross-carrier to activate/release and/or cross-BWP to activate the CG, it is better to align the design for confirmation MAC CE as well. One example is given in Fig.2 given the maximum number of the configured grant configurations is 12. 
[image: ]
Fig. 2 Rel.16 Configured Grant Confirmation MAC CE
Proposal 4: The Configured Grant Confirmation MAC CE should include the information on which Configured Grant configuration(s) on which BWP of which serving cell it acknowledges for. 

3. Summary and proposal
In summary, we present our views on the remaining L2 issues to support the IIoT traffic including the enhancements for LCH restrictions, configuredGrantTimer and MAC CE confimration for multiple CGs. Based on the discussion, followings were observed and proposed:
Observation 1: it is gNB’s decision on whether to share HARQ process among multiple CG configurations.
Proposal 1: it would be desirable to have a unified new LCP restriction for both CG and DG.  
Proposal 1a: for CG, the LCP restriction is performed in the following way: the RRC configures each CG may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize the CG with this indication or not. R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability. 
Proposal 2: support HARQ process sharing between dynamic grant and multiple configured grant(s). 
Proposal 3: priority indication should be added as one condition on when to (re)starts the configuredGrantTimer in order to realize following:
· the HARQ process for a grant with high priority should be locked for a grant with lower priority. 
· the HARQ process for a grant with high priority should NOT be locked by a grant with lower priority. 
Proposal 4: The Configured Grant Confirmation MAC CE should include the information on which Configured Grant configuration(s) on which BWP of which serving cell it acknowledges for. 
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