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1 Introduction
In RAN1#96bis meeting, the following agreements were achieved for configured grant PUSCH transmission enhancement [1]:

Agreements:

· Support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell.

· FFS whether or not some parameters can be common among different configured grant configurations 
Agreements:

· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.

· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations

· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.

· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 

In this contribution, we mainly discuss the details to support multiple active configurations per BWP for a serving cell. For repetitions across period boundary, discussions can be found in our companion contribution [2].
2 Discussion
In this section, we first discuss the FFS issues in the agreements achieved in last RAN1 meeting, and then discuss other issues for the support of multiple active configurations per BWP of a serving cell, including higher layer configuration, Type 2 configuration activation, and repetition construction.
2.1 On FFS issues
2.1.1
Whether some RRC parameters can be common among different configurations
In last RAN1 meeting, it was agreed to support separate RRC parameters for different configured grant configurations for both Type 1 and Type 2 with FFS on whether or not some of the RRC parameters can be common among different configurations. The major motivation of the FFS part is to reduce RRC signaling overhead for the case when more than one configuration (either Type 1 or Type 2) are configured for one service/traffic type to reduce latency and enhance reliability. To achieve this, some companies propose to introduce the concept of configuration group/set, where the configurations within a group/set are configured for one service/traffic type and can share a same set of RRC parameters. However, this is purely an RRC signaling optimization problem which is out of RAN1 scope and instead should be discussed in RAN2 if necessary. Therefore, there is no need to further study this issue in RAN1.
Observation 1: Whether or not some RRC parameters can be common among different configured grant configurations is an RRC signaling optimization issue, which is out of RAN1 scope and could be discussed in RAN2 if necessary.
2.1.2
Whether to support joint activation/release of two or more Type 2 configurations

One motivation for introducing joint activation of two or more Type 2 configurations in a single DCI could help to reduce L1 signaling overhead. However, this is actually not true as activating two or more Type 2 configurations in a single DCI will pose a huge burden (at least tens of bits) to DCI payload, which may lead to a reliability issue on the transmission of activation DCI. For example, even if the two or more Type 2 configurations are configured for reducing latency and enhancing reliability for one service/traffic type, and can share most of the higher-layer parameters, at least the following L1 parameters should be separately configured in the activation DCI for configuration differentiation:

· Time domain resource assignment (up to 4 bits).
· Antenna port (up to 5 bits) and/or Frequency domain resource assignment (up to 18 bits).
Assume four Type 2 configurations are configured for one service/traffic type and the maximum number of bits are used for each of the above L1 parameters, then at least 3*(4+5) = 27 to 3*(4+18) = 66 bits are needed to be added to current payload of format 0_1 for joint activation of these four Type 2 configurations. The payload size of the activation DCI could be even larger if to support joint activation of more Type 2 configurations. Such a large payload size will lead to an unreliable transmission of DCI due to limited PDCCH resources, and as a consequence, DCI retransmissions are unavoidable, which on the contrary reduces no signaling overhead or even increases the overhead. 
Another issue for increasing the DCI payload for activation DCI is that it is not possible to align the payload size with the dynamic grant which does not need the functionality of group based scheduling. Therefore a new DCI format is needed to support joint activation, which further leads to complexity issue on blind detection for UE.
In addition, to support joint activation, a lot of specification work can be expected in both RAN1 and RAN2, e.g. on the detailed design of the DCI format, the high-layer configuration for the reception of the DCI, the configured grant confirmation, and etc. 
Therefore, considering the limited benefit and the large amount of specification work, we do not see the need to support joint activation of two or more Type 2 configurations in a single DCI in Rel-16, and instead, one DCI for activation of one Type 2 configuration is simple and flexible.
While for release of Type 2 configured grant, since there is no resource configuration in release DCI, some gain on L1 signaling reduction can be expected if joint release is supported. However, the specification work mentioned above is also required for the support of joint release. Therefore, in addition to the potential gain, the specification work should also be taken into account when making the decision on whether to support joint release of two or more Type 2 configurations in a single DCI.
Observation 2: It will pose a huge burden (at least tens of bits) to DCI payload to support joint activation of two or more Type 2 configurations in a single DCI. A large payload size may lead to an unreliable transmission of activation DCI due to limited PDCCH resources, and as a consequence, DCI retransmissions are unavoidable, which on the contrary reduces no signaling overhead or even increases the overhead.
Observation 3: The activation DCI with increased payload size would no longer be size aligned with the dynamic grant.

Observation 4: A large amount of specification work can be expected if joint activation of two or more Type 2 configurations in a single DCI is introduced.
Proposal 1: Joint activation of two or more Type 2 configurations in a single DCI should not be supported in Rel-16.
2.2 On other issues
2.2.1
Higher layer configuration
To support multiple active configurations per BWP in Rel-16, in addition to the parameters defined in ConfiguredGrantConfig, at least a configuration index should be configured for each of the multiple configurations for both Type 1 and Type 2 configured grants. This index can be used to indicate which Type 1 or Type 2 configuration is to be released by RRC, and also to indicate which Type 2 configuration is to be activated/released by DCI.
Proposal 2: For both Type 1 and Type 2 configured grants in Rel-16, in addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, a configuration index should be configured for each configuration.
Since Type 1 configured grant is activated immediately after RRC configuration, there is no activation delay compared to Type 2 configured grant. Therefore, Type 1 configured grant is more suitable for URLLC services with sporadic packet arrival. With this in mind, to support simultaneous configuration of both Type 1 and Type 2 configured grant in one BWP could at least benefit the use case when a UE has both URLLC services with sporadic packet arrival and other services with periodic packet arrival (e.g. VoIP service), where Type 1 configured grant is for URLLC services and Type 2 configured grant is for other semi-persistent services.
Proposal 3: Type 1 and Type 2 configured grants can be simultaneously configured in one BWP.
For the maximum number of active configurations per BWP, RAN 2 has agreed that the value should be either 8 or 16. Form physical layer point of view, there is no big difference between the two values for Type 1 configured grant. However, for Type 2 configured grant, at least following differences can be observed:
· Firstly, L1 signaling overhead for activation/release of 16 Type 2 configurations is much larger than that for 8 configurations.

· Secondly, as will be discussed in section 2.2.2, if at most 8 Type 2 configurations are supported per BWP, the method for configuration index indication in activation/release DCI designed for LTE HRLLC can be reused for Rel-16 URLLC with least specification work. However, if the supported number of active Type 2 configurations is up to 16, more specification work is needed for the design of configuration index indication.
Therefore, considering the L1 signaling overhead and also the specification work for Type 2 configured grant, 8 should be the maximum number for Type 2 configuration in a BWP. And if 16 is supported as the maximum number of all configurations including Type 1 and Type 2 in a BWP, all these configurations can be Type 1 or at most 8 of them can be Type 2. 

2.2.2
Activation/release for Type 2 configured grant
In LTE HRLLC, the MSB of the HPN field in DCI is used for activation/deactivation validation, while the other 3 bits are used to indicate which SPS configuration to activate/release. To minimize the specification work and also to reduce DCI overhead, this mechanism can also be used for configuration indication when activating/deactivating Type 2 configured grant in Rel-16. 

Proposal 4: For Type 2 configured grant in Rel-16, when multiple configurations are configured by higher layer, the MSB of the HPN field in DCI is used for activation/release validation, while the other 3 bits are used for configuration index indication.
In addition, when DCI format 0_1 is used for Type 2 configuration activation, the positions of the HPN filed as well as the NDI field need to be fixed and read first irrespective of which Type 2 configuration is to be activated; or else the UE cannot correctly interpret the whole DCI. This is because the bit widths of some fields in DCI format 0_1 are dependent on the higher layer configuration of Type 2 configured grant, e.g., FDRA, FH flag, antenna ports, DMRS sequence initialization, etc. However, this cannot be always guaranteed as FDRA and FH flag are located in front of NDI and HPN, and the bit widths of the two fields could be different when DCI format 0_1 is used for the activation of different Type 2 configurations with different higher layer parameters (e.g., different waveforms, resource allocation types or frequency hopping), which is very possible to happen especially when the different Type 2 configurations are used for different service/traffic types.

A similar issue was raised in Rel.15 on distinguishing between DCI format 0_1 with CRC scrambled by CS-RNTI for Type 2 configuration activation and DCI format 0_1 with CRC scrambled by CS-RNTI for retransmission scheduling. To solve the issue, some restrictions were imposed in Rel.15 on the higher layer configuration of Type 2 configured grant to guarantee the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is no larger than the bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. However, these restrictions are actually not reasonable, which reduces the flexibility of higher layer configuration for configured grant PUSCH transmission, and hence should be removed in Rel-16. Therefore, further discussion is needed to solve the above mentioned issue with least specification work and without losing the flexibility of higher layer configuration for configured grant.

Proposal 5: For Type 2 configured grant in Rel-16, when multiple configurations are configured by higher layer and when CRC of DCI format 0_1 is scrambled by CS-RNTI, the positions of NDI and HPN should be fixed even if the different Type 2 configurations are configured with different higher layer parameters resulting in different bit widths for FDRA and/or FH flag. 
2.2.3
Repetition construction

As discussed in [2], to guarantee a low-latency and yet reliable transmission for Rel-16 URLLC, flexible start defined in Rel.15 should be reused and repetitions should be allowed to cross period boundary, no matter whether multiple active configurations are configured for a UE or not. In addition, to obtain more flexibility on resource configuration in Rel-16, more values for maximum repetition number can be considered, e.g., 3 (to support 3 mini-slot-based repetitions within a slot with each occupying 4 OFDM symbols), 5, 6, 7 (to support 7 mini-slot-based repetitions within a slot with each occupying 2 OFDM symbols), and etc.

Proposal 6: For both Type 1 and Type 2 configured grants in Rel-16, flexible start mechanism defined in Rel.15 should be supported and repetitions should be allowed to cross period boundary.
Proposal 7: For both Type 1 and Type 2 configured grants in Rel-16, more values for maximum repetition number should be supported, e.g., 3/5/6/7.
3 Conclusion 
In this contribution, we discuss the issues to support multiple active configuration per BWP for a serving cell. Observations and proposals are summarized below:
Observation 1: Whether or not some RRC parameters can be common among different configured grant configurations is an RRC signaling optimization issue, which is out of RAN1 scope and could be discussed in RAN2 if necessary.
Observation 2: It will pose a huge burden (at least tens of bits) to DCI payload to support joint activation of two or more Type 2 configurations in a single DCI. A large payload size may lead to an unreliable transmission of activation DCI due to limited PDCCH resources, and as a consequence, DCI retransmissions are unavoidable, which on the contrary reduces no signaling overhead or even increases the overhead.
Observation 3: The activation DCI with increased payload size would no longer be size aligned with the dynamic grant.

Observation 4: A large amount of specification work can be expected if joint activation of two or more Type 2 configurations in a single DCI is introduced.
Proposal 1: Joint activation of two or more Type 2 configurations in a single DCI should not be supported in Rel-16.

Proposal 2: For both Type 1 and Type 2 configured grants in Rel-16, in addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, a configuration index should be configured for each configuration.
Proposal 3: Type 1 and Type 2 configured grants can be simultaneously configured in one BWP.
Proposal 4: For Type 2 configured grant in Rel-16, when multiple configurations are configured by higher layer, the MSB of the HPN field in DCI is used for activation/release validation, while the other 3 bits are used for configuration index indication.
Proposal 5: For Type 2 configured grant in Rel-16, when multiple configurations are configured by higher layer and when CRC of DCI format 0_1 is scrambled by CS-RNTI, the positions of NDI and HPN should be fixed even if the different Type 2 configurations are configured with different higher layer parameters resulting in different bit widths for FDRA and/or FH flag. 
Proposal 6: For both Type 1 and Type 2 configured grants in Rel-16, flexible start mechanism defined in Rel.15 should be supported and repetitions should be allowed to cross period boundary.
Proposal 7: For both Type 1 and Type 2 configured grants in Rel-16, more values for maximum repetition number should be supported, e.g., 3/5/6/7.
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