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1 Introduction
In RAN1#96bis and RAN1#97 meetings, the following agreements were achieved for configured grant PUSCH transmission enhancement [1] [2]:

Agreements:

· For the maximum number of UL CG configurations per BWP of a serving cell:

· 12

Agreements:

· Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
· FFS details. 
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 first discuss the FFS issues in the agreements achieved in last two RAN1 meetings, 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 Discussion
2.1 On FFS issues
2.1.1
Whether some RRC parameters can be common among different configurations
In RAN1#96bis 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 two or more configurations (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 discuss 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 of two or more Type 2 configurations

It is claimed that using one DCI to activate two or more Type 2 configurations can to some extent reduce L1 signaling overhead as well as activation delay. However, this will lead to several issues on at least following aspects. Firstly, the payload size of the activation DCI will be increased by tens of bits compared to current DCI format (e.g. format 0_1), which may lead to a reliability issue on the transmission of the activation DCI. For example, even if the jointly activated Type 2 configurations are configured for one service/traffic type and can share most of the 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 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 to jointly activate these four configurations. The payload size could be even larger if to support joint activation of more Type 2 configurations. One possible way that could be considered to save the added bits is to configure some offsets but not the full fields for time/frequency resource and DMRS port. However, to provide enough flexibility on resource configuration, it is not expected that the number of the added bits could be reduced too much. Such a large payload size will lead to an unreliable transmission of DCI due to limited PDCCH resources. As a consequence, DCI retransmissions are unavoidable, which offsets the claimed benefits on signaling overhead and activation delay reduction. 
Secondly, the increasing and varying of the payload size of activation DCI prevent size alignment between DCIs scrambled by C-RNTI and CS-RNTI, as dynamic grant does not need the functionality of group based scheduling. Therefore, a new DCI format is needed to be introduced for joint activation, which further leads to complexity issue on blind detection for UE.
Thirdly, to support joint activation, much 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. 
One may argue that using RRC signaling to configure the offsets of time/frequency resource and DMRS port for jointly activated Type 2 configurations could solve the above DCI related issues. However, this also requires much specification work in both RAN1 and RAN2, e.g., what RRC parameters to be introduced and what values could these parameters be.

Therefore, considering the limited benefit and the potential issues, we do not see the need to support joint activation of two or more Type 2 configurations in a single DCI in Rel-16. One DCI to activate one Type 2 configuration is simple and flexible enough, which has been agreed to be supported.
Observation 2: To support joint activation of two or more Type 2 configurations, the payload size of the activation DCI will be increased by tens of bits compared to current DCI format (e.g. format 0_1), which may lead to a reliability issue on the transmission of the activation DCI.

Observation 3: To support joint activation of two or more Type 2 configurations, a new DCI format is needed to be introduced for joint activation, which further leads to complexity issue on blind detection for UE.

Observation 4: To support joint activation of two or more Type 2 configurations, a large amount of specification work can be expected in both RAN1 and RAN2.
Proposal 1: Joint activation of two or more Type 2 configurations in a single DCI should not be supported in Rel-16.
2.1.3
Whether 4 bits are enough to support joint release of two or more Type 2 configurations
In RAN1#96bis meeting, it has been agreed to support separate release for different Type 2 configurations for a given BWP of a serving cell. This means even if joint release is supported, separate release should also be there. With this in mind, if 12 Type 2 configurations are configured for a BWP, only four possibilities of the 4 bits can be used for joint release.

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.
2.2.2
Activation/release for Type 2 configured grant
In RAN1#97 meeting, it was agreed that the maximum number of UL CG configurations is 12, which means up to 4 bits are needed for configuration index indication when activating/releasing Type 2 configuration. In LTE HRLLC, the MSB of HPN field in DCI is used for activation/release 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, a similar mechanism can be used for configuration index indication when activating/releasing Type 2 configured grant in Rel-16, i.e., using the 4 bits of HPN field to indicate which configuration to activate/release. In this case, RV field together with NDI field in DCI are used for activation/release validation.
Proposal 4: For Type 2 configured grant in Rel-16, when multiple configurations are configured by higher layer, the 4 bits of HPN field in activation/release DCI 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. 
2.2.3
Repetition construction

In Rel-15, to enable low-latency transmission for configured grant, repetitions of a TB can start from any of the transmission occasions (TO) associated with RV0 when RV sequence {0000} or {0303} is configured， except for the last one when repetition number K is set to 8. In addition, to avoid potential ambiguity on HARQ ID calculation between UE and gNB, repetitions are not allowed to cross any period boundary, even if they start from a TO which is not the first one within a period. Moreover, if a TO contains a DL symbol or collides with the resource for other UL transmission with higher priority, e.g. a PUSCH transmission scheduled by a dynamic UL grant, the repetition at that TO is omitted. Both the above cases will lead to a smaller number of repetitions than configured, which may fail to meet the super high reliability requirement for Rel.16 URLLC services, as depicted in Figure 1.
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Figure 1 The two cases that lead to a less repetition number than the configured one (K=4)
Therefore, to guarantee a low-latency and yet reliable transmission for Rel.16 URLLC, enhancements would be needed to support a sufficient number of repetitions with flexible start. To achieve this, following two options have been proposed and recognized as potential solutions to be further discussed in the WI:

· Opt-1: Allowing repetitions of a TB with Rel.15 flexible start to cross a period boundary.

· Opt-2: Using multiple active configurations to reduce latency and enhance reliability.

Between the two options, one may argue that there is no need to further consider Opt-1 since multiple active configurations per BWP per UE have already been agreed to be supported and can be considered for reducing latency and enhancing reliability. However, this is not true due to at least the following reasons:

· Using multiple active configurations for reducing latency and enhancing reliability is not efficient in terms of resource utilization, as much more resources (frequency and/or DMRS) need to be reserved for the support of only one service/traffic type.

· Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to reduce latency and enhance reliability for one service/traffic type, especially when there are multiple services/traffic types with different characteristics (e.g., different TBS, different packet arrival rates, etc.) to be supported simultaneously. 
· Even if multiple active configurations can be configured for reducing latency and enhancing reliability, the actual repetition number may still be smaller than the configured one due to the reasons discussed in Figure 1(b).

Based on the above analysis, to guarantee a low-latency and yet reliable transmission, it is necessary to support repetitions (either slot-based or mini-slot-based) with Rel.15 flexible start to cross a period boundary, no matter whether a UE is configured with multiple active configurations or not. To achieve this and also to avoid potential ambiguity on HARQ ID calculation, gNB needs to identify the initial transmission of the TB. Note that transmission detection and UE identification are based on DMRS detection. Therefore, one possible way is to use different DMRSs for initial transmission and the following repetitions to facilitate the initial transmission identification. For example, as illustrated in Figure 2, a UE can be configured with two DMRS ports, one (D1) for initial transmission and the other (D2) for the following repetitions. If gNB detects at a TO the DMRS configured for initial transmission, i.e., D1, gNB can identify the initial transmission at that TO successfully and count up to K transmissions at K available TOs in two resource periods. HARQ ID in this case is determined based on the resource period which includes the initial transmission.
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Figure 2 K=4 repetitions across period boundary

Though one more DMRS port is needed for initial transmission identification to support repetitions across period boundary, it is still much more efficient than using multiple active configurations for low latency and ensuring K repetitions. For example, to support a same flexible start flexibility (i.e., the repetitions can start form any of the four TOs within a period), in total four active configurations are needed. Assuming configuration differentiation at gNB side is purely based on DMRS detection, which means the four configurations can share the same frequency resources but must be configured with orthogonal DMRS ports, then the number of required DMRS port is 4, which doubles the need for repetitions across period boundary. 
Observation 5: Using multiple active configurations for reducing latency and enhancing reliability is not efficient in terms of resource utilization, as much more resources (frequency and/or DMRS) need to be reserved for the support of only one service/traffic type.

Observation 6: Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to reduce latency and enhance reliability for one service/traffic type, especially when there are different services/traffic types to be supported simultaneously.
Observation 7: Even if multiple active configurations can be configured for reducing latency and enhancing reliability, the actual repetition number may still be smaller than the configured one when a TO is not available due to symbol confliction or resource collision with other UL transmission with higher priority, which is very possible to happen as the TOs are semi-statically allocated.
Proposal 6: For both Type 1 and Type 2 configured grants in Rel.16, repetitions (either slot-based or mini-slot-based) with Rel.15 flexible start and across period boundary should be supported.
Proposal 7: To support repetitions across period boundary, a UE can be configured with two orthogonal DMRS ports for one configuration for initial transmission identification.
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: To support joint activation of two or more Type 2 configurations, the payload size of the activation DCI will be increased by tens of bits compared to current DCI format (e.g. format 0_1), which may lead to a reliability issue on the transmission of the activation DCI.

Observation 3: To support joint activation of two or more Type 2 configurations, a new DCI format is needed to be introduced for joint activation, which further leads to complexity issue on blind detection for UE.

Observation 4: To support joint activation of two or more Type 2 configurations, a large amount of specification work can be expected in both RAN1 and RAN2.
Observation 5: Using multiple active configurations for reducing latency and enhancing reliability is not efficient in terms of resource utilization, as much more resources (frequency and/or DMRS) need to be reserved for the support of only one service/traffic type.

Observation 6: Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to reduce latency and enhance reliability for one service/traffic type, especially when there are different services/traffic types to be supported simultaneously.
Observation 7: Even if multiple active configurations can be configured for reducing latency and enhancing reliability, the actual repetition number may still be smaller than the configured one when a TO is not available due to symbol confliction or resource collision with other UL transmission with higher priority, which is very possible to happen as the TOs are semi-statically allocated.
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 4 bits of HPN field in activation/release DCI 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. 
Proposal 6: For both Type 1 and Type 2 configured grants in Rel.16, repetitions (either slot-based or mini-slot-based) with Rel.15 flexible start and across period boundary should be supported.
Proposal 7: To support repetitions across period boundary, a UE can be configured with two orthogonal DMRS ports for one configuration for initial transmission identification.
References

[1] RAN1 Chairman’s notes, RAN1#96bis, Xi’an, China, April 8th – 12th, 2019.
[2] RAN1 Chairman’s notes, RAN1#97, Reno, USA, May 13th – 18th, 2019.
