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1 Introduction

In RAN#83, the Rel.16 eURLLC study item was converted to a work item with the following objective related to UL configured grant enhancements [1]:
	· Specification of enhanced UL configured grant transmission [RAN1, RAN2]

· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 

· Note: V2X use cases are also considered 


In this contribution the enhancements to CG-PUSCH based on results of the SI are discussed and analysed.

2 Support of Multiple Configurations
Capturing NR V2X use cases

First, since RAN plenary decided to include specification of NR V2X related aspects of multiple configurations, the requirements from V2X are discussed.
Based on discussions in LTE and NR, there are two main requirements with respect to multiple configurations:

· Support of quasi-periodic traffic

· In both LTE and NR V2X, there are traffic patterns considered which may be abstracted by quasi-periodic behaviour. In other words, in some cases the periodicity may be constant (e.g. 100 ms), but the packet size may vary significantly, e.g. every fifths occasion. Or, the packet size and periodicity may be changing, so that they may be decomposed into multiple strictly periodic processes.

· It is also beneficial to have a mechanisms of fast activation/deactivation of some configurations to better adapt to traffic conditions. The total number of configurations is recommended to be at least 8 from V2X perspective to handle basic safety services.

· Support of eURLLC like traffic

· NR V2X also assumes support of traffic patterns which are usually assumed as eURLLC-like use cases, e.g. for remote driving purposes. In this case, the multiple configurations should be handled same way as it was assumed during eURLLC study item.
Based on the above analysis, the following is recommended for capturing NR V2X requirements in the design of multiple active configured grants:

Observation 1

· In order to capture NR V2X related requirements in the design of multiple active configured grants, the following is assumed to be incorporated

· Support at least 8 activated configurations, each of them having different transmission parameters
· Support activation/deactivation of each configuration by separate DCI in case of Type 2 CG
Multiple configurations design

The following components of multiple configurations need to be enabled:

· Providing multiple configurations. This part should be straightforward by populating the RRC signalling for configured grant PUSCH type 1 or sending L1 activation(s) with multiple sets of parameters in case of Type 2.

· Activation/deactivation of particular configuration for the case of CG-PUSCH Type 2 by dynamic DCI indication. Here, the problem of how to identify the different configurations using the same DCI format. Clearly, introducing multiple RNTIs would lead to increased FAR which may become a bottleneck. In that case, some fields which are not used for activation, such as HARQ ID may be utilized.

· HARQ ID modelling in presence of multiple configurations. This issue was discussed in Rel.15 and the most reasonable scheme is to introduce configuration specific offset to HARQ ID.

· UE behaviour to choose a particular configuration. Once configured, a UE may be expected to take the nearest configuration for transmission in particular case. However, it may be left up to UE to decide particular approach also considering that multiple configurations may be used for different services. Moreover, there may be associated mapping of logical channels, so that a particular configuration is selected based on logical channel pending for transmission at a UE.
· It is assumed that DMRS configuration, frequency domain resource allocation, and time domain resource allocation are provided for each configuration separately.

Proposal 1

· Multiple RRC configurations of CG-PUSCH are provided per BWP

· At least 8 configurations are supported

· Support activation/deactivation of each configuration by separate DCI in case of Type 2 CG

· Activation/deactivation of a configuration in case of CG-PUSCH type 2 is distinguished by a DCI field not used to derive PUSCH transmission settings

· HARQ ID offset is added as part of each CG-PUSCH configuration

· UE is not expected to transmit simultaneously according to more than one CG-PUSCH configuration
Note, that it is challenging to combine multiple configurations together with periodicities smaller than one slot. Also, the feature of postponed repetitions for some RV sequences (all RV0 and RV0, RV3) should not be used together with multiple configurations when they are utilized for enhancing latency-reliability trade-off.

3 On other CG Enhancements

During the SI, there were proposals to use other mechanisms for achieving fine start time for transmission with total PUSCH duration larger than the start time granularity. We discuss them one by one to highlight pros and cons:

· Usage of a single configuration with multiple transmission offsets

· This option tweaks current design by offsetting possible transmission and allowing then to cross period boundary. In order to distinguish different hypotheses at gNB, at least different DMRS should be used for different offsets. This option also does not allow to use different frequency resources when having different offsets, unless explicitly indicated.
· When applying different offsets, depending on PUSCH repetition design, crossing of slot boundary may result in different distribution of segment durations and number of segments. This leads to cases, where single MCS and RV cycling sequence setting is not optimal to handle all possible cases. Therefore, more than one MCS and RV sequence then needs to be provided, that is not far from providing multiple configurations.

· Allowing configuration of a period less than the total PUSCH duration

· Similar to the multiple offsets option, in this case DMRS configuration needs to be enhanced so that gNB may distinguish a tail of one transmission from the start of another transmission. Same functionality is available by simply using more than one configuration.
· Same as for the multiple offsets, more than one MCS and RV sequence may need to be provided to achieve uniform performance in case of different starting positions.

Based on the discussion in this section, it is concluded that introduction of other enhancements for CG is not justified.
Observation 2
· Introduction of enhancements to CG targeting single configuration is not justified
4 Conclusions
In this contribution, we discussed potential enhancements to configured grant PUSCH transmission. As a results, we draw the following proposal and observation:
Observation 1

· In order to capture NR V2X related requirements in the design of multiple active configured grants, the following is assumed to be incorporated

· Support at least 8 activated configurations, each of them having different transmission parameters

· Support activation/deactivation of each configuration by separate DCI in case of Type 2 CG
Observation 2
· Introduction of enhancements to CG targeting single configuration is not justified
Proposal 1

· Multiple RRC configurations of CG-PUSCH are provided per BWP

· At least 8 configurations are supported

· Support activation/deactivation of each configuration by separate DCI in case of Type 2 CG

· Activation/deactivation of a configuration in case of CG-PUSCH type 2 is distinguished by a DCI field not used to derive PUSCH transmission settings

· HARQ ID offset is added as part of each CG-PUSCH configuration

· UE is not expected to transmit simultaneously according to more than one CG-PUSCH configuration
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