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1 Introduction
In RAN1#98 and RAN1#97 meetings, the following agreements were achieved for configured grant PUSCH transmission enhancement [1] [2]:

Agreements:

· M<=4 bits indication in the Release DCI is used for indicating which configured grant configuration(s) is/are released, where the association between each state indicated by the indication and the configured grant configuration(s) is

· Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple configured grant configurations to be released

· In case of no higher layer configured state(s), separate release is used where the release corresponds to the configured grant configuration index indicated by the indication

Agreements:

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

· 12

Conclusion:

· No support of joint activation in a DCI for two or more configured grant Type 2 configurations in Rel-16

Working assumption:

· For activation and release of UL configured grant, same field(s) is/are used for a DCI format

In this contribution, we mainly discuss the remaining issues as well as the RRC parameters for the support of multiple active configurations per BWP of a serving cell in Rel.16.
2 Discussion
2.1 On remaining issues common for both Type 1 and Type 2 configured grants
2.1.1
Repetition scheme determination
One important use case of configuring more than one configured grant configurations per BWP is to simultaneously support multiple services/traffic types for one UE. Since these multiple services/traffic types could have quite different requirements on latency, reliability, etc., different repetition schemes (i.e. slot-based and mini-slot-based) may need to be applied. For example, for services with extremely low-latency requirement, mini-slot-based scheme is more desirable; while for services with relatively loose latency requirement, slot-based scheme is more suitable. With this in mind, to better support multiple services/traffic types in Rel.16, both slot-based and mini-slot-based schemes should be supported for Rel.16 configured grant. Note that UE is not able to determine which scheme is to be applied based on only SLIV and repetition number K, additional mechanism is needed to indicate the scheme for both Type 1 and Type 2 configured grants. 

Considering the application of a specific repetition scheme is more related to the characteristic (e.g. latency requirement, packet arrival interval, etc.) of the service that a configured grant configuration is configured for, it is straightforward to indicate the repetition scheme at the meantime when RRC configures the configured grant configuration. To achieve this, gNB can either explicitly indicate the scheme by introducing a new RRC parameter, or use existing RRC parameter(s) such as the periodicity P for implicit indication. For the latter case, as mini-slot-based scheme is mainly used for low-latency scenarios, it is of nature to use the value of the periodicity P to implicitly indicate whether or not to apply mini-slot-based scheme, i.e., when P is no larger than a predefined value (e.g., one slot or K slots), mini-slot-based scheme is applied; otherwise, slot-based scheme is applied.

Proposal 1: For both Type 1 and Type 2 configured grants, following options can be considered for the indication of repetition scheme in terms of either slot-based or mini-slot-based:

· Explicit indication by introducing a new RRC parameter.

· Implicit indication by comparing the resource periodicity P with a predefined value (FFS the value).

2.1.2
Flexible start of K repetitions

To meet the extremely low-latency requirement (e.g., 0.5ms to 1ms) of URLLC services, a URLLC packet needs to be delivered as soon as possible when it arrives. To achieve this, flexible start of K repetitions is supported in Rel.15 by allowing repetitions starting from a transmission occasion (TO) that is not the first one in a resource period. For Rel.16, one may argue that, since multiple active configurations can be used for reducing latency and enhancing reliability, there is no need to further consider flexible start for each configured grant configuration. However, this is not true due to at least the following reasons:

· Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to reduce latency 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. 
· Always using multiple active configurations for reducing latency is not efficient in terms of resource utilization, especially for those services/traffic types with stringent requirement on latency but relatively loose requirement on reliability, as much more resources (frequency and/or DMRS) need to be reserved for the support of only one service/traffic type.
Based on the above analysis, to cover the case in which multiple active configurations for one service/traffic type are not available and also to improve resource utilization efficiency, flexible start for each configured grant configuration should also be supported in Rel.16. To achieve this, Rel.15 mechanism can be reused, i.e., when RV sequence {0231} is configured, repetitions only start from the first TO in a resource period; when RV sequence {0000} or {0303} is configured, repetitions can start from TOs associated with RV0.
Proposal 2: Flexible start mechanism defined in Rel.15 should also be supported in Rel.16 for both Type 1 and Type 2 configured grants.
2.2 On remaining issues specific for Type 2 configured grant
2.2.1
DCI field(s) for activation and release of Type 2 configured grant
In RAN1#97 meeting, it was agreed that the maximum number of UL configured grant configurations is 12, which means up to 4 bits are needed for configuration index indication when activating/releasing Type 2 configured grant configurations. 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. Considering all other fields except for HPN field and RV field have special meaning in activation DCI, to minimize specification work and also to have a uniform solution for activation and release, a similar mechanism can be used for configuration index indication when activating/releasing Type 2 configured grant in Rel.16. More specifically, when multiple Type 2 configured grant configurations are configured, HPN field in activation DCI and in release DCI is used to indicate which configuration is to be activated and which configuration(s) is(are) to be released, respectively; otherwise, HPN field is used for validation. Note that even if HPN field is not used for validation, UE can still differentiate the DCIs for activation and for release based on the fields of RV, MCS and FDRA.

Proposal 3: Confirm the working assumption of using same field(s) in a DCI format for activation and release of UL Type 2 configured grant.

Proposal 4: When multiple Type 2 configured grant configurations are configured by higher layer, HPN field in activation DCI and in release DCI is used to indicate which configuration is to be activated and which configuration(s) is(are) to be released, respectively; otherwise, HPN field is used for validation.

2.2.2
DCI format(s) for activation and release of Type 2 configured grant
In Rel.15, DCI format 0_0 is used for both activation and release of Type 2 configured grant, while DCI 0_1 is only used for activation. A potential issue of also using format 0_0 and 0_1 for activation/release of Type 2 configured grant in Rel.16 is the configuration index indication issue when multiple configurations are configured for Type 2 configured grant. However, as discussed in section 2.2.1, this issue can be solved by reusing HPN field for the index indication. Therefore, as in Rel.15, when scrambled by CS-RNTI, DCI format 0_0 can be used for activation and release of Rel.16 Type 2 configured grant, and DCI format 0_1 can be used for activation of R16 Type 2 configured grant.
For the new DCI format that was agreed in RAN1#98 meeting, before we make any decision on whether or not to also use it for activation/release of Type 2 configured grant in Rel.16 in addition to format 0_0 and 0_1, we may need to first answer the following two questions:
· Question-1: For those RRC parameters introduced in Rel.16 for dynamic grant which are used to indicate the bit width of some fields in the new DCI format, are they also separately introduced for each configured grant configuration?

· Question-2: If the answer is yes to the first question, then how to align the size of the new DCI format when it is used for different purposes, i.e., for dynamic grant or for activation/release of different Type 2 configured grants?
As we know, in Rel.15, the bit width of some fields (e.g., FDRA, FH flag, etc.) in DCI format 0_1 is dependent on higher layer parameters which are separately configured for dynamic grant and configured grant. This is to provide flexibility for configured grant and also to provide possibility of supporting different services/traffic types with different requirements by different grant types. From this point of view, the answer to the first question should be yes; otherwise, it seems not reasonable to use the new DCI format for Type 2 configured grant activation, as the higher layer configuration for dynamic grant may not be suitable for configured grant which may be used to support different services/traffic types. And if the answer to the first question is yes, then a follow-up question (i.e. Question-2) is how to do the size alignment when the new DCI format is used for different purposes. However, as will be discussed in section 2.2.4, this size alignment issue also exists for DCI format 0_1. Therefore, the solutions proposed for DCI format 0_1 can also be considered here for the new DCI format if it is also used for activation/release of Type 2 configured grant in Rel.16.

Based on the above analysis, for DCI formats that can be used for activation/release of Rel.16 Type 2 configured grant, we have the following proposal:

Proposal 5: For Type 2 configured grant in Rel.16, following DCI formats are used for activation and/or release:
· DCI format 0_0 for both activation and release

· DCI format 0_1 for activation

· FFS the new DCI format
2.2.3
Dynamic indication of repetition number for Type 2 configured grant
For Type 2 configured grant, there is no need to indicate the repetition number in the activation DCI. The reason is that, on one hand, time-domain resources for Type 2 configured grant are indicated in activation DCI and will be valid at least for a period of time after activation, thus there is no big difference between indicating the repetition number by activation DCI or by RRC. On the other hand, retransmission based on dynamic grant is supported for Type 2 configured grant, hence the dynamic adjustment of repetition number can be achieved by retransmission scheduling if necessary to improve transmission reliability.

Proposal 6: Dynamic indication of repetition number in activation DCI is not supported for Type 2 configured grant in Rel.16.
2.2.4
Size alignment for DCI format 0_1 when used for activation of different Type 2 configured grants
When DCI format 0_1 is used for Type 2 configuration activation, the positions of NDI field and HPN filed (which is used for configuration index indication) need to be fixed and read first; 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 to activate 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. To achieve this, following two options can be considered:

· Option 1: Insert a number of most significant bits with the value set to ‘0’ if the bit width of a field is not equal to a maximum bit width. The maximum bit width is determined according to the higher layer parameter defined either for dynamic grant or for configured grant that requires the maximum bit width for the field.

· Option 2: Locate NDI field as well as HPN field in front of the fields with configurable bit width, and pad ‘0’ bits to the end of the DCI if the size of the DCI is not equal to a maximum value. The maximum value of the DCI size is determined according to the higher layer configuration either for dynamic grant or configured grant that leads to the maximum DCI size.
Both these two options can solve the above mentioned issue. However, since Option 2 could have smaller DCI size and seems to have less complexity compared to Option 1, we prefer to adopt Option 2.
Proposal 7: For Type 2 configured grant in Rel-16, the positions of NDI field and HPN field should be fixed in activation DCI.
2.3 On RRC parameters
According the agreements achieved in previous RAN1 meetings and also the discussions in section 2.1 of this contribution, we summarize in Table 1 the potential RRC parameters that are needed to be further introduced for the support of multiple active configurations for a BWP of a serving cell, in addition the existing parameters defined in ConfiguredGrantConfig in Rel.15 and the parameters endorsed from the email discussion.

	Index
	Parameter and description
	For Type 1 or for Type 2 or for both?
	Per UE or per configured grant configuration?

	1
	UL-Configuredgrantconfig-ToReleaseList

This parameter is to release by RRC up to 12 Type 1 or Type 2 configured grant configurations.
	Both
	Per UE

	2
	UL-RepetitionSchemeIndicator
This parameter is configured for a configured grant configuration to indicate the repetition scheme (either slot-based or mini-slot-based) that is applied for the configured grant configuration.
	Both
	Per configured grant configuration

	3
	UL-Harq-ProcID-Offset
This parameter is configured for a configured grant configuration for deriving the HARQ process IDs of the configured grant configuration.
	Both 
	Per configured grant configuration


Proposal 8: Introduce the RRC parameters listed in Table 1 for Rel.16 configured grant.
3 Conclusion 
In this contribution, we discuss the issues to support multiple active configuration per BWP for a serving cell. Proposals are summarized below:
Proposal 1: For both Type 1 and Type 2 configured grants, following options can be considered for the indication of repetition scheme in terms of either slot-based or mini-slot-based:

· Explicit indication by introducing a new RRC parameter.

· Implicit indication by comparing the resource periodicity P with a predefined value (FFS the value).

Proposal 2: Flexible start mechanism defined in Rel.15 should also be supported in Rel.16 for both Type 1 and Type 2 configured grants.
Proposal 3: Confirm the working assumption of using same field(s) in a DCI format for activation and release of UL Type 2 configured grant.

Proposal 4: When multiple Type 2 configured grant configurations are configured by higher layer, HPN field in activation DCI and in release DCI is used to indicate which configuration is to be activated and which configuration(s) is(are) to be released, respectively; otherwise, HPN field is used for validation.
Proposal 5: For Type 2 configured grant in Rel.16, following DCI formats are used for activation and/or release:

· DCI format 0_0 for both activation and release

· DCI format 0_1 for activation

· FFS the new DCI format

Proposal 6: Dynamic indication of repetition number in activation DCI is not supported for Type 2 configured grant in Rel.16.
Proposal 7: For Type 2 configured grant in Rel-16, the positions of NDI field and HPN field should be fixed in activation DCI.

Proposal 8: Introduce the RRC parameters listed in Table 1 for Rel.16 configured grant.
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