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Introduction
In 3GPP RAN1 Meeting #98 [1] , the following items were agreed: 

Agreements:
· Introduce one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields in Rel-16.

Agreements:
· M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG 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 CG configurations to be released
· In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
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 CG, same field(s) is/are used for a DCI format

[bookmark: _Ref178064866]Discussion 
In this contribution, we provide our views on the use of new DCI format for UL configured grant, and our view in activation and release DCI messages, multiple configuration, and then dynamic repetition in UL configured grant.
1.1 New DCI format
In RAN1#98 3GPP meeting, the new DCI format was introduced for uplink and downlink scheduling. In this discussion we denote DCI format 0_a for the new DCI format in uplink scheduling and DCI format 1_a for the new DCI format in downlink scheduling. In terms of applications of the new DCI formats it is expected to be similar to the existing DCI formats. That is, it can be applicable for dynamic DL and UL data scheduling as well as activating and/or releasing the type-2 UL configured grant transmissions or DL SPS transmissions. For UL configured grant transmission as well as DL SPS transmission, the activation, release and retransmission are signaled by DCI whose CRC is scrambled with CS-RNTI. 
[bookmark: _Toc21402673]The new DCI formats can be used for activation, release and re-transmission of UL-CG and DL-SPS
The fallback DCI formats (i.e., DCI format 0_0 for UL data transmission, DCI format 1_0 for DL data transmission) shall always be applicable for UL CG and DL SPS transmission. The relevant functionality includes:
(a) activation of one or more configurations of UL CG and DL SPS,
(b) release of one or more configurations of UL CG and DL SPS,
(c) scheduling the retransmission of a data packet which was initially transmitted via UL CG or DL SPS scheduling. 

The fallback DCI formats can be used for any of (a)-(c) functionality regardless of the DCI format used for the other functionality of the given UL CG or DL SPS configuration. For example, DCI format 0_a can be used to activate an UL CG configuration #j, and DCI format 0_0 can be used to release UL CG configuration #j. In another example, DCI format 1_a can be used to activate a DL SPS configuration #k, while DCI format 1_0 is used to release DL SPS configuration #k, possibly a joint release where configuration #k and one or more other configuration(s) are released simultaneously.
[bookmark: _Toc21402674]The fallback DCI format can be used for re-transmission or release of one or more configurations that already been activated by DCI format 0_a or DCI format 1_a.
1.2 DCI size alignment
In NR Rel-15, due to complexity constraint at the UE, there exists a limit on the total number of DCI sizes UE should monitor for the cell, i.e., three different sizes for DCI with CRC scrambled by C-RNTI and one additional size for other RNTI. Since the size of each DCI format can be different depending on the size of bandwidth parts and different configurations, DCI size alignment procedure is introduced to ensure that the limit on the total number of DCI sizes for UE to monitor is not exceeded. 
NR Rel-16 supports multiple configurations of UL CG and DL SPS. It is possible that different UL CG configurations may be provided with different RRC parameters resulting in different DCI sizes for the activating DCI. It is unclear if and how the sizes of DCI activating different UL CG configurations should be aligned. The number of supported CG configurations is up to 12, it is unlikely UE can enhance the DCI monitoring capability for 12 DCI sizes in Rel-16.

[bookmark: _Toc21366300][bookmark: _Toc21366919][bookmark: _Toc21402675]Activating DCI for different CG configuration should be size aligned to fulfill the total DCI monitoring budget.
NR Rel-16 introduces new DCI formats for DL and UL scheduling which can be used to activate SPS and type 2 UL CG transmissions. It is unclear e.g. how the parameters related to UL CG shall be provided. Moreover, it is unclear if and how the new DCI format used for activating UL CG shall be size-aligned with the new DCI format used for dynamically scheduling UL transmission or retransmission of the UL CG.

[bookmark: _Hlk21365820][bookmark: _Toc21402676][bookmark: _Hlk21365874]New DCI format for activating UL CG should be size-aligned with the new DCI format for dynamic grant transmission and CG re-transmission

For DCI format 0_1 in Rel-15, restrictions have been introduced when apply to CG transmission that the bit width of each field shall not be larger than same field configured for dynamic grant. 0 padding is applied in each DCI field for CG to align with the size of DCI for dynamic grant. In the case that the size of new DCI formats with CRC scrambled by CS-RNTI is different from the size of the DCI with CRC scrambled by C-RNTI, the DCI size alignment procedure also needs to consider these different sizes when fulfilling the DCI size budget limit. 
[bookmark: _Toc21402677]New DCI format for activating UL CG should be field size-aligned with the new DCI format for dynamic grant transmission and CG re-transmission
Since the bit interpretation of different DCI formats can be different, UE can distinguish different DCI formats by DCI-size. 
[bookmark: _Toc21402678]Configuring DCI formats with different sizes can help UE to differentiate between different DCI formats, however the total number of different DCI sizes may exceed the UE monitoring budget.
1.3 Activation and Release of a configuration
Separate activation of a configuration was agreed previously. For activation of Type 2 configured grant DCI format 0-0 and DCI format 0-1 can be used. In RAN1#98 meeting new DCI was introduced. The content of new DCI has not yet been agreed. The new DCI format can be used as activation DCI if it has necessary fields for CG activation e.g, TDRA, FDRA, MCS, and configuration indication fields.
[bookmark: _Toc21402682][bookmark: _Hlk20729043]DCI format 0-0, 0-1 and new DCI format to be used for Type 2 CG activation
Separate Type 2 CG release and group release have been agreed in the past RAN1 meetings. In Rel-15, DCI format 0-0 is used for release of a configuration. Since group release DCI uses 4 bits for indicating a group of configurations, DCI format 0-0 can be used also for group release.
The new DCI can be used as separate or group release of configurations as long as has necessary fields for CG separate/group release e.g, configuration indication, and validation bits.
[bookmark: _Toc21402683]DCI format 0-0 and new DCI format to be used for Type 2 separate and group release
For indicating a configuration in activation and release DCI message, HARQ process number field is a candidate. In Rel-15’s activation and release DCI, this field is part of validation DCI as shown in Table 1 and Table 2. Using 4-bit in HARQ process number reduces validation number of bits. Then the probability of error in detecting an activation/release DCI increases. Another option can be to introduce new field for indicating a configuration ID. Adding new field in DCI increases the length of DCI, and then this field is useless in a dynamic grant. Comparing these two options, we have the following proposal:
[bookmark: _Toc21402684]HARQ process number to be used to signal CG configuration index

[bookmark: _Ref20729696]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'



[bookmark: _Ref20729701]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



For configured grant there are three DCI messages, i.e., DCI messages for activation, DCI message for release and DCI message for re-transmission. The UE must be able to properly differentiate between these three DCIs. For differentiating between activation DCI and release DCI, let us consider the specification. In TS 38.213 it is written that:
“A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or configured UL grant Type 2 PDCCH if
-	the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI, and
-	the new data indicator field for the enabled transport block is set to '0'. 
Validation of the DCI format is achieved if all fields for the DCI format are set according to Table 10.2-1 or Table 10.2-2. 
If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of DL SPS or configured UL grant Type 2. If validation is not achieved, the UE discards all the information in the DCI format.”
Thus, it is important that UE correctly achieves the validations. 
[bookmark: _Toc21402685]Activating DCI using DCI 0_1 for multiple CG configuration shall maintain fixed field position and bit width for at least validation fields and configured grant configuration index field.
The CG transmission is highly dependent of the RRC parameters, at the time of RRC reconfiguration procedure, the non-fallback DCI size may get updated, therefore fallback DCI format shall always be supported to address activation, retransmission and release of CG.
[bookmark: _Toc21402686]The fallback DCI format shall be supported for all CG configurations, for activation, release and retransmission of CG.
To achieve a different higher layer configuration, DCI format 0_1 can always be used for activation and retransmission for multiple CGs. 
The CG associated with new DCI format shall ignore the parameters configured in ConfiguredGrantConfig IE and instead follow the higher layer parameters configured for the dynamic PUSCH associated with new DCI format. Take the “frequency domain resource assignment” field in the new DCI format as an example. If a different granularity is configured for dynamic PUSCH and CG, either the extra FDRA bit field will be useless for CG, or the FDRA field cannot sufficiently support CG resource allocation. The DCI size alignment procedure for CG and dynamic grant will be simplified by allowing CG associated with new DCI format to follow the configurations associated with new DCI format. 
[bookmark: _Toc21402687]Activating CG with new DCI format shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with new DCI format.
[bookmark: _Toc21402688]Retransmission of CG with new DCI format shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with new DCI format.

In the release DCI, there are a few fields that are unused, e.g, TDRA, TPC, Antenna port bits. Those parts can be added to validation part to better differentiate between activation and release message.
[bookmark: _Toc21402679][bookmark: _Hlk21365967]TDRA, TPC and antenna port bits in DCI can be added to validation bits to improve the correctly distinguishing between activation and release DCIs.
[bookmark: _Toc21020575][bookmark: _Toc21020707][bookmark: _Toc21020576][bookmark: _Toc21020708][bookmark: _Toc21018978][bookmark: _Toc21020578][bookmark: _Toc21020710][bookmark: _Toc21018979][bookmark: _Toc21020579][bookmark: _Toc21020711][bookmark: _Toc21018980][bookmark: _Toc21020580][bookmark: _Toc21020712][bookmark: _Toc21018981][bookmark: _Toc21020581][bookmark: _Toc21020713][bookmark: _Toc21018982][bookmark: _Toc21020582][bookmark: _Toc21020714][bookmark: _Toc21018983][bookmark: _Toc21020583][bookmark: _Toc21020715][bookmark: _Toc21018984][bookmark: _Toc21020584][bookmark: _Toc21020716][bookmark: _Toc21018985][bookmark: _Toc21020585][bookmark: _Toc21020717][bookmark: _Toc21018986][bookmark: _Toc21020586][bookmark: _Toc21020718][bookmark: _Toc21018987][bookmark: _Toc21020587][bookmark: _Toc21020719] 

1.4 [bookmark: _Hlk21364678]Repetition in UL CG transmission
1.4.1 Dynamic repetition indication in UL CG
In Section 4 in our paper in PUSCH enhancement [2], it has been discussed how to dynamically indicate the nominal number of repetitions in the DCI for PUSCH enhancement. We compare the required DCI size when signalling the number of repetitions in an entry in the TDRA table compared to signalling in separate DCI fields. We note that joint signalling of the number of repetitions together with S and L in the TDRA table potentially can save DCI bits compared to separate signalling. We then had the following proposal for PUSCH transmission,
[bookmark: _Toc20913754][bookmark: _Toc20919559][bookmark: _Toc20919625][bookmark: _Toc20919869][bookmark: _Toc20920465][bookmark: _Toc20993636][bookmark: _Toc21018989][bookmark: _Toc21020119][bookmark: _Toc21020209][bookmark: _Toc21020327][bookmark: _Toc21020405][bookmark: _Toc21020481][bookmark: _Toc21020589][bookmark: _Toc21020721][bookmark: _Toc21020807][bookmark: _Toc21076380][bookmark: _Toc21086310][bookmark: _Toc21095255][bookmark: _Toc21097035][bookmark: _Toc21097096][bookmark: _Toc21365749][bookmark: _Toc21366008][bookmark: _Toc21366029][bookmark: _Toc21366207][bookmark: _Toc21366311][bookmark: _Toc21366931][bookmark: _Toc16898786][bookmark: _Toc21402689]Joint signalling of S, L, and the number of repetitions in the TDRA table can decrease the DCI size compared to separate signalling through removal of redundant entries.

Also for UL-CG transmission, there is benefit in dynamically signalling the repetition factor by DCI. 
[bookmark: _Toc21402690]Dynamically indicate repetition in UL-CG
[bookmark: _Toc21076383][bookmark: _Toc21086313][bookmark: _Toc21095258][bookmark: _Toc21020592][bookmark: _Toc21020724][bookmark: _Toc21020810][bookmark: _Toc21076384][bookmark: _Toc21086314][bookmark: _Toc21095259][bookmark: _Toc21020593][bookmark: _Toc21020725][bookmark: _Toc21020811][bookmark: _Toc21076385][bookmark: _Toc21086315][bookmark: _Toc21095260][bookmark: _Toc21018993][bookmark: _Toc21020123][bookmark: _Toc21020213][bookmark: _Toc21020332][bookmark: _Toc21020408][bookmark: _Toc21020484][bookmark: _Toc21020595][bookmark: _Toc21020727][bookmark: _Toc21020813][bookmark: _Toc20993639][bookmark: _Toc21018994][bookmark: _Toc21020124][bookmark: _Toc21020214][bookmark: _Toc21020333][bookmark: _Toc21020409][bookmark: _Toc21020485][bookmark: _Toc21020596][bookmark: _Toc21020728][bookmark: _Toc21020814][bookmark: _Toc20993640][bookmark: _Toc21018995][bookmark: _Toc21020125][bookmark: _Toc21020215][bookmark: _Toc21020334][bookmark: _Toc21020410][bookmark: _Toc21020486][bookmark: _Toc21020597][bookmark: _Toc21020729][bookmark: _Toc21020815][bookmark: _Hlk20993421]
Yet, we should adapt some RRC configuration fields and DCI activation fields to use the above feature for UL-CG. Firstly, in UL-CG the repetition can be back-to back or slot-based repetition. Secondly, the repetition factor for slot-based repetition (repK) is RRC configured. Thus, UEs need to distinguish between back-to-back repetition and slot-based repetition. Thus, we propose
[bookmark: _Toc21402691]Indicate back-to-back or slot-based repetition dynamically.

1.4.2 Repetition factor
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 1, 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: _Ref21100665]Figure 1. The impact of UL-DL pattern on reliability
[bookmark: _Toc21402680]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 1, the new repK value as 16 can increase possible UL transmissions from 2 to 4.
[bookmark: _Toc21402692]Increase maximum possible repetition factor to 16

1.4.3 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 2. 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: _Ref21100789]Figure 2. 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: _Toc21402681]Introducing time-offset can improve reliability in configured grant with K repetitions.

[bookmark: _Toc21402693]Introduce time-offset in configured grant with K repetitions.
[bookmark: _Toc21020701][bookmark: _Toc21020800]

1.5 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: _Toc21402694]New periodicity values are added for supporting V2X services:
[bookmark: _Toc21402695]{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: _Toc21402696]{symb200x12, symb400x12, symb800x12, symb1200x12, symb1600x12, symb2000x12, symb2400x12, symb2800x12, symb3200x12, symb3600x12, symb4000x12}


[bookmark: _Toc528976849][bookmark: _Toc528977369][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][bookmark: _Toc16772157][bookmark: _Toc16772613][bookmark: _Toc16841145][bookmark: _Toc16844723][bookmark: _Toc16858880][bookmark: _Toc16859485][bookmark: _Toc16844728][bookmark: _Toc16858884][bookmark: _Toc16859489]Conclusion
In this contribution, we discussed our views for methods for enhancements of configured grant. We observed the following:
Observation 1	The new DCI formats can be used for activation, release and re-transmission of UL-CG and DL-SPS
Observation 2	The fallback DCI format can be used for re-transmission or release of one or more configurations that already been activated by DCI format 0_a or DCI format 1_a.
Observation 3	Activating DCI for different CG configuration should be size aligned to fulfill the total DCI monitoring budget.
Observation 4	New DCI format for activating UL CG should be size-aligned with the new DCI format for dynamic grant transmission and CG re-transmission
Observation 5	New DCI format for activating UL CG should be field size-aligned with the new DCI format for dynamic grant transmission and CG re-transmission
Observation 6	Configuring DCI formats with different sizes can help UE to differentiate between different DCI formats, however the total number of different DCI sizes may exceed the UE monitoring budget.
Observation 7	TDRA, TPC and antenna port bits in DCI can be added to validation bits to improve the correctly distinguishing between activation and release DCIs.
Observation 8	UL-DL pattern may impact the reliability of UL CG transmission.
Observation 9	Introducing time-offset can improve reliability in configured grant with K repetitions.

Based on this we proposed the following:
Proposal 1	DCI format 0-0, 0-1 and new DCI format to be used for Type 2 CG activation
Proposal 2	DCI format 0-0 and new DCI format to be used for Type 2 separate and group release
Proposal 3	HARQ process number to be used to signal CG configuration index
Proposal 4	Activating DCI using DCI 0_1 for multiple CG configuration shall maintain fixed field position and bit width for at least validation fields and configured grant configuration index field.
Proposal 5	The fallback DCI format shall be supported for all CG configurations, for activation, release and retransmission of CG.
Proposal 6	Activating CG with new DCI format shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with new DCI format.
Proposal 7	Retransmission of CG with new DCI format shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with new DCI format.
Proposal 8	Joint signalling of S, L, and the number of repetitions in the TDRA table can decrease the DCI size compared to separate signalling through removal of redundant entries.
Proposal 9	Dynamically indicate repetition in UL-CG
Proposal 10	Indicate back-to-back or slot-based repetition dynamically.
Proposal 11	Increase maximum possible repetition factor to 16
Proposal 12	Introduce time-offset in configured grant with K repetitions.
Proposal 13	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}
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