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Introduction
In 3GPP RAN1 Meeting #97 [1] , the following items were agreed: 
Agreements:
· For the maximum number of UL CG configurations per BWP of a serving cell:
· 12
Agreements:
· Regarding Q1 in the LS in R1-1905940:
· Although RAN1 has not completely analysed the potential impact of supporting up to 16 SPS configurations for a given BWP of a serving cell, RAN1 has the understanding that 8 SPS configurations for a given BWP of a serving cell is sufficient in Rel-16
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. 

In this contribution, we provide our views on the FFS issue in the above agreements and other enhancements on configured grant.
[bookmark: _Ref178064866]Discussion 
Configured grant is a key component in supporting URLLC traffic. The characteristics of URLLC traffic make dynamic grant unsuitable for several reasons:
· URLLC traffic is often based on periodic and predictable traffic patterns, for example when transmitting sensor measurements and/or actuator commands for factory automation or remote driving. In this case configured grants can be used instead of dynamic grants to decrease PDCCH usage, thus improving resource efficiency and reliability.
· For non-periodic traffic the stringent latency bounds often make SR based transmissions inefficient or impossible to use. 
[bookmark: _Toc528976849][bookmark: _Toc528977369]Indicating a configuration among multiple configurations
When multiple configurations are defined, there’s a need to differentiate each configuration e.g., during activation/release process. Here, we discuss two methods.
Concatenation of configuration ID with CS-RNTI
Currently only one RNTI is defined for UL configured grant transmission, i.e. CS-RNTI. In order to minimize the impact on legacy design of configured grant activation validation procedure, we propose to concatenate 4 bits to CS-RNTI.  Selection of 4bits is due to having at most 16 number of configurations. These 4 bits are the configuration IDs to indicate different CG configuration. We note that this concatenation is possible due to fact that CS-RNTI is 16 bits and CRC coloring is possible until 21 bits. Figure 1 shows the PDCCH processing where CRC is scrambled (colored) by CS-RNTI following by configuration ID. By this manner, each configuration can be indicated without the need to add new fields in DCI or change any existing fields that are used for validation. Yet, the method requires change in RNTI size.
[image: ]
[bookmark: _Ref16871712]Figure 1 PDCCH processing by concatenating configuration ID with CS-RNTI

Exploiting 4 bit-HARQ process number in DCI
Another method for indicating a configuration ID is to use HARQ process number field in DCI for indicating a configuration. This method has the advantage that the size of DCI does not change, yet the content of that HARQ process number in DCI is used for another application. It should be noted that the field has already been used for PDCCH validation in DL SPS and UL grant Type 2, as described in Section 10.2, 38.213, briefly illustrated in the following tables:

Table 1 Special fields for DL SPS and UL grant Type 2 scheduling activation PDCCH validation
	
	DCI format 0_0/0_1 
	DCI format 1_0
	DCI format 1_1

	HARQ process number
	set to all '0's
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'
	For the enabled transport block: set to '00'



Table 2 Special fields for DL SPS and UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0 
	DCI format 1_0

	HARQ process number
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '1's
	set to all '1's



Both the above method has the advantage that does not affect DCI size, yet both methods have some impact on spec. Thus, we propose 

[bookmark: _Toc16893148]RAN1 to choose how to signal configuration number: either concatenate CS-RNTI with Configuration ID or use 4-bit HARQ process number field in DCI.

Configuration Details
Multiple configured grant configurations can be used to support traffic flows with different QoS as well as different TSN flows. Examples include configured grant for quick uplink access, for V2X use cases and for VoIP. When aiming for a generic configuration method to support different service types, it is not beneficial to share any parameter among multiple configurations in order to save signaling overheads. We propose that the parameters in the current single UL CG configuration are also configurable per configuration for multiple CG, such as CG-index, periodicity, nrofHARQ-Processes, uci-OnPUSCH, rbg-Size, resourceAllocation, powerControlLoopToUse, p0-PUSCH-Alpha, repK, repK-RV, periodicity, mcs-Table, timeDomainOffset, antennaPort, frequencyHoppingOffset.
[bookmark: _Toc16893149]Parameters in the rel-15 single UL CG configuration are also configurable per configuration for multiple configured grant.
[bookmark: _Toc16841141][bookmark: _Toc16844719][bookmark: _Toc16858876][bookmark: _Toc16841142][bookmark: _Toc16844720][bookmark: _Toc16858877][bookmark: _Toc5121757][bookmark: _Toc5121934][bookmark: _Toc5122003][bookmark: _Toc5121762][bookmark: _Toc5121939][bookmark: _Toc5122008][bookmark: _Toc5019115][bookmark: _Toc5022225][bookmark: _Toc5121763][bookmark: _Toc5121940][bookmark: _Toc5122009][bookmark: _Toc5019116][bookmark: _Toc5022226][bookmark: _Toc5121764][bookmark: _Toc5121941][bookmark: _Toc5122010]Activation of a configuration in multiple active configurations
A configuration in a multiple configuration feature can be activated independently or with a group of configurations. When multiple configuration is used for supporting different services, each configuration may have different packet size and reliability requirement, different MCSs and resource allocations shall be applied to fulfill those services. 
[bookmark: _Toc16893142]When multiple active configuration is used for supporting different services/traffics, joint activation is not possible.
When multiple configuration is used for supporting one traffic type, if the MCS, time and frequency domain allocation and other information carried in activation DCI are identical, joint activation is possible. But to design a method to enable group activation for such limited application scenario, the benefit is negligible considering the complexity it might add to the existing CG procedures.
[bookmark: _Toc16893143]When multiple active configuration is used for supporting one traffic type, joint activation is possible, but the benefit is negligible.
[bookmark: _Toc16893150][bookmark: _Hlk7791267]Do not support joint activation of multiple configurations using a single DCI.
Joint release of multiple configurations using single DCI
Using DCI for release multiple configurations requires changes in DCI or RRC configuration and therefore not preferred, considering its limited gain. There has been a discussion in the last 3GPP meeting to use 4 bits in HARQ process number field and exploiting those bits such that numbers 0 till 11 indicate 12 number of configurations and then numbers 12 till 14 represents three groups of configurations, where each group has 4 configurations. Here there are some issues that should be addressed.
As agreed in the previous meeting there can be 12 active configurations. To have the full flexibility of releasing any combination of these 12 configurations, 12 bits are needed to indicate by bit-map which set of configurations are going to be released.
[bookmark: _Toc16893144]To support release of arbitrary joint combination of activated CG configurations, at least 12 bits are needed.
 If we aim for partial flexibility in group release, then a table needs to be defined in RRC. By that, numbers 12-14 represent 3 groups of configurations. Assuming having those groups defined in RRC configuration, the issue will be that in different time occasions the number of active configurations can be different and possibly less than 12. This limits the benefit of group release considering its high impact on spec 38.331 or on spec 38.214.
Another issue is that currently in RAN2 there is a discussion that up to 12 CG configurations are not enough, and the maximum number of configurations needs to be 16 for DL SPS and UL CG. If number of configurations become 16, there would not be space for joint release by the above mentioned RRC grouping method.
[bookmark: _Toc16772157][bookmark: _Toc16772613][bookmark: _Toc16841145][bookmark: _Toc16844723][bookmark: _Toc16858880][bookmark: _Toc16859485][bookmark: _Toc16893151]Do not support joint release of multiple configurations using a single DCI.
In our opinion a release can happen implicitly, without DCI transmission. That is, similar to LTE if a configuration is inactive for a period of time, then that configuration will be released. Same scheme can be applied for releasing a group of configurations. If joint release is done implicitly then there would not be DCI signaling overhead regarding joint release. Instead, by MAC CE, the confirmation of releasing all the configurations can be sent simultaneously, the signaling overhead can be reduced.
[bookmark: _Toc16893145]Confirmation of release of a group of configurations using MAC CE can reduce the signaling overhead.

Periodicity for UL configured grant 
In terms of periodicity for UL configured grant, V2X services require certain periodicities which are currently not included in Rel-15. For example, LTE introduced the following periodicities for V2X, on top of existing values:
semiPersistSchedIntervalUL-v1430       ENUMERATED {
                                         sf50, sf100, sf200, sf300, sf400, sf500,
                                         sf600, sf700, sf800, sf900, sf1000, spare5,
                                         spare4, spare3, spare2, spare1} OPTIONAL    -- Need OR


Thus, for Rel-16 the UL CG configurations should expand to include periodicities for supporting V2X services. Note that in LTE the periodicity is expressed in subframe (=1ms always), but NR UL CG periodicities are expressed in symbols (with symbol duration varying according to SCS). Hence we took care that the LTE set of periodicities (in ms) can be achieved regardless of the SCS values for 14-symbol slots. For 12-symbol slots, only SCS = 60 kHz is relevant. In summary, comparing the V2X required periodicities with the Rel-15 UL CG periodicities, the following values are to be added:
· {symb50x14, symb100x14, symb200x14, symb300x14, symb400x14, symb500x14, symb600x14, symb700x14, symb800x14, symb900x14, symb1000x14, symb1200x14, symb1400x14, symb1600x14, symb1800x14, symb2000x14, symb2400x14, symb2800x14, symb3200x14, symb3600x14, symb4000x14, symb4800x14, symb5600x14, symb6400x14, symb7200x14, symb8000x14},
· {symb200x12, symb400x12, symb800x12, symb1200x12, symb1600x12, symb2000x12, symb2400x12, symb2800x12, symb3200x12, symb3600x12, symb4000x12}


[bookmark: _Toc16893152]New periodicity values are added for supporting V2X services.
[bookmark: _Toc16893153]{symb50x14, symb100x14, symb200x14, symb300x14, symb400x14, symb500x14, symb600x14, symb700x14, symb800x14, symb900x14, symb1000x14, symb1200x14, symb1400x14, symb1600x14, symb1800x14, symb2000x14, symb2400x14, symb2800x14, symb3200x14, symb3600x14, symb4000x14, symb4800x14, symb5600x14, symb6400x14, symb7200x14, symb8000x14},
[bookmark: _Toc16893154]{symb200x12, symb400x12, symb800x12, symb1200x12, symb1600x12, symb2000x12, symb2400x12, symb2800x12, symb3200x12, symb3600x12, symb4000x12}

[bookmark: _Hlk7698288]Improving reliability for TDD
In Rel-15, the maximum possible value for repetition factor (repK) is 8. This may limit the reliability of TDD transmission when TDD pattern is semi-statically configured and the UL-DL pattern cannot be changed dynamically. The issue has been illustrated in Figure 2, as an example. Slot#1-8 are scheduled for configured grant with repK=8, and UL-DL pattern is set as “UDDDUDDD”. Due to conflict with the DL transmissions, only 2 UL transmissions is possible. 
[image: ]
[bookmark: _Ref16872414][bookmark: _Ref536782997]Figure 2. The impact of UL-DL pattern on reliability
[bookmark: _Toc1183476][bookmark: _Toc16893146]UL-DL pattern may impact the reliability of UL CG transmission.

For the above situation, increasing the maximum possible repK value can improve reliability. As shown in Figure 2, the new repK value as 16, can increase possible UL transmissions from 2 to 4.
[bookmark: _Toc1183489][bookmark: _Toc16893155]Increase maximum possible repetition factor to 16.

Repetition offset
In configured grant with K repetitions, the TBs are transmitted on the K consecutive transmission occasions (TO). Considering an example with RV sequence {0,0,0,0}, if a beginning of a transmission is delayed with j TOs, then the repetitions duration is shortened to K - j, and this may affect the reliability. To circumvent this situation, a repetition offset can be introduced, which defines the time gap between the period boundary and the possible first repetition.
An example is shown in Figure 3. The UL configured grant with repetition is configured with periodicity=10 slots, with K=4. The offset step size is 2 (slots). Due to starting occasion offset, the 4 possible TB transmissions start with slot 0, 2, 4, 6, respectively, counting from the start of the period. As illustrated, each possible transmission has the full amount of K slots in duration.
[image: ]
[bookmark: _Ref16844685][bookmark: _Ref536782884]Figure 3. Example of possible transmission of UL configured grant with repetition and starting occasion offset, with periodicity=10 slots, repK=4, offset step size =2 (slots). (a)-(d): Due to starting occasion offset, the 4 possible TB transmissions start with slot 0, 2, 4, 6, respectively. The UE may select to start transmission using any of (a)-(d), whichever gives the lowest alignment latency of the arriving uplink data packet.

Thus, we have the following observation and proposal:
[bookmark: _Toc5103029][bookmark: _Toc16893147]Introducing time-offset can improve reliability in configured grant with K repetitions.
[bookmark: _Toc16844728][bookmark: _Toc16858884][bookmark: _Toc16859489][bookmark: _Toc5103031][bookmark: _Toc16893156]Introduce time-offset in configured grant with K repetitions.

Conclusion
In this contribution, we discussed our views for methods for enhancements of configured grant. We observed the following:
Observation 1	When multiple active configuration is used for supporting different services/traffics, joint activation is not possible.
Observation 2	When multiple active configuration is used for supporting one traffic type, joint activation is possible, but the benefit is negligible.
Observation 3	To support release of arbitrary joint combination of activated CG configurations, at least 12 bits are needed.
Observation 4	Confirmation of release of a group of configurations using MAC CE can reduce the signaling overhead.
Observation 5	UL-DL pattern may impact the reliability of UL CG transmission.
Observation 6	Introducing time-offset can improve reliability in configured grant with K repetitions.

Based on this we proposed the following:
Proposal 1	RAN1 to choose how to signal configuration number: either concatenate CS-RNTI with Configuration ID or use 4-bit HARQ process number field in DCI.
Proposal 2	Parameters in the rel-15 single UL CG configuration are also configurable per configuration for multiple configured grant.
Proposal 3	Do not support joint activation of multiple configurations using a single DCI.
Proposal 4	Do not support joint release of multiple configurations using a single DCI.
Proposal 5	New periodicity values are added for supporting V2X services.
{symb50x14, symb100x14, symb200x14, symb300x14, symb400x14, symb500x14, symb600x14, symb700x14, symb800x14, symb900x14, symb1000x14, symb1200x14, symb1400x14, symb1600x14, symb1800x14, symb2000x14, symb2400x14, symb2800x14, symb3200x14, symb3600x14, symb4000x14, symb4800x14, symb5600x14, symb6400x14, symb7200x14, symb8000x14},
{symb200x12, symb400x12, symb800x12, symb1200x12, symb1600x12, symb2000x12, symb2400x12, symb2800x12, symb3200x12, symb3600x12, symb4000x12}
Proposal 6	Increase maximum possible repetition factor to 16.
Proposal 7	Introduce time-offset in configured grant with K repetitions.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref521507726]References
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