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1	Introduction
In 3GPP RAN1 Meeting #98bis [1], the following items were agreed for CG:
Agreements:
· Support DCI format 0-0, 0-1 and new DCI format scheduling PUSCH for Rel.16 Type 2 CG activation.

Agreements:
· Support DCI format 0-0 for Rel.16 Type 2 CG release.
· As a working assumption, also DCI format 0-1 and the new DCI format

Agreements:
· M (M<=4) least significant bits of HPN field in DCI format 0-0 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.
· M (M<=4) least significant bits of HPN field in DCI format 0-1 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated.
· M (M<=4) least significant bits of HPN field in DCI format 0-1 with CRC scrambled by CS-RNTI is used to indicate which configuration(s) is to be released.
· FFS the impacts on the false alarm for activation/release DCI validation.

Agreements:
· At least HPN field in the new UL DCI format is used to indicate which configuration is to be activated and/or which configuration(s) is/are to be released.
· FFS other field(s) whether/if the number of bits for HPN field is smaller than M.
· FFS the impacts on the false alarm for activation/release DCI validation.
Agreements:
· The new UL DCI format with CRC scrambled by CS-RNTI and the new UL DCI format with CRC scrambled by C-RNTI should have the same total DCI size. 
Agreements:
· [bookmark: _Hlk24049577](Working assumption) Retransmission of the PUSCH scheduled by a new UL DCI format with CRC scrambled by CS-RNTI with NDI=1 shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with the new UL DCI format.
Agreements:
· M is determined by the bit length for HPN field for each DCI format for activation and release of Type 2 CG

Agreements:
· For CG PUSCH, 
· Introduce the RRC signalling per CG configuration to enable/disable the feature of starting from any RV0 occasion for RV cyclic sequences {0,0,0,0} and {0,3,0,3}.
· If disabled, Rel-16 behaviour
· If enabled, reuse Rel-15 behaviour
Additionally, for PUSCH, the following was agreed:
Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.

Agreements:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.

[bookmark: _Ref178064866]2	Discussion
In this contribution, we discuss our view on the remaining issues on enhanced configured grants, e.g. DCI formats for CG activation, repetition indication, retransmission, and some other enhancements in multiple configurations for the UL-CG feature.
[bookmark: _Toc23756693][bookmark: _Toc23765439][bookmark: _Toc23855238]2.1	Details on activation and retransmission of a CG
2.1.1 Activation
In the previous meeting there is agreement to support DCI formats 0-0, 0-1, and 0-2 as activation DCI. It remains some issues related to the DCI format 0-2 to be solved. 
In Rel-15 when DCI 0-1 is used to activate a CG transmission, the DCI 0-1 bit field size determined by RRC parameters configured in configuredGrantConfig is forced to be size aligned with DCI 0-1 for dynamic transmission. It applies that each DCI 0-1 bit field size must maintain smaller or equal size than that of dynamic PUSCH with bit field size determined by PUSCH-Config. With this constraint of DCI bit field size, the configuredGrantConfig can only be a subset of PUSCH-Config. The purpose of supporting duplicated RRC parameters in ConfiguredGrantConfig and in PUSCH-Config is to achieve more configuration flexibility for CG transmission become reluctant. DCI 0-1 provides already a large variety of flexibilities for dynamic PUSCH transmission. With the further constrain of DCI bit field size for CG, the benefit of flexibly RRC configurations is eliminated. 
[bookmark: _Toc24153244]Duplicated RRC parameters in ConfiguredGrantConfig and in PUSCH-Config doesn’t provide more flexible CG PUSCH transmission.

Another dilemma, as consequence of abusing RRC configuration, is that retransmission of a CG become also complicated in order to take care of duplicated RRC parameters in ConfiguredGrantConfig and PUSCH-Config. 
[bookmark: _Toc24153245]Duplicated RRC parameters in ConfiguredGrantConfig and in PUSCH-Config can cause complication in CG re-transmission.

Therefore, in Rel-16 for CG activated with DCI format 0-2, we propose the CG PUSCH transmission shall follow the configuration as dynamic PUSCH transmission. The duplicated RRC parameters in ConfiguratedGrantConfig shall be ignored and instead follow the parameters configured for the dynamic PUSCH associated with DCI 0-2. 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 DCI format 0-2.
[bookmark: _Toc24154183]At least for DCI format 0-2, CG PUSCH should follow the RRC configuration of dynamic PUSCH transmission as much as possible.

For type 2 CG, Table 1 illustrates for each parameter in ConfiguredGrantConfig IE whether the parameter should be taken from PUSCH-Config or ConfiguredGrantConfig IE for activation of type 2 CG. Here we use the notation “apply PUSCH-Config” to indicate applying same configuration as for dynamic PUSCH. In fact, at least those parameters defined in ConfiguredGrantConfig IE that can affect the DCI size should be ignored. 
[bookmark: _Ref24123225]Table 1 ConfiguredGrantConfig IE parameters
	parameter
	Common parameter?
	Proposal

	frequencyHopping
	yes
	Apply PUSCH-Config

	cg-DMRS-Configuration
	yes
	Apply PUSCH-Config

	mcs-Table
	yes
	Apply PUSCH-Config

	mcs-TableTransformPrecoder
	yes
	Apply PUSCH-Config

	uci-OnPUSCH
	yes
	Apply PUSCH-Config

	resourceAllocation
	yes
	Apply PUSCH-Config

	rbg-Size
	yes
	Apply PUSCH-Config

	powerControlLoopToUse
	yes
	Apply PUSCH-Config (SRI-PUSCH-PowerControl)

	p0-PUSCH-Alpha
	yes
	Apply PUSCH-Config

	transformPrecoder
	yes
	Apply PUSCH-Config

	Configuredgrantconfig-index
	no
	Configuredgrantconfig IE

	repK
	no
	Configuredgrantconfig IE

	        repK-RV
	no
	Configuredgrantconfig IE

	periodicity
	no
	Configuredgrantconfig IE

	configuredGrantTimer
	no
	Configuredgrantconfig IE


 

2.1.2 Dynamic repetition indication in activation
In Rel-15 only semi-static configuration for number of PUSCH repetitions is supported. On RAN1 #98b meeting, agreements have been made to support dynamic indication of number of repetitions for PUSCH. 
Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 

Agreements:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.
Agreements:
· Support dynamic indication of the number of repetitions for Rel-15 PUSCH with slot aggregation using DCI formats 0_1 & the new UL DCI format
· The dynamic indication is done by using the same Rel-16 mechanism (Jointly coding the number of repetitions with SLIV in TDRA table)

In our understanding, the last agreement applies to both DG and CG type 2, but this has not been captured in the latest version of the 38.214 CR. Thus, we include it here as a proposal. To avoid any ambiguity, we also propose that the same be explicitly agreed for Rel-16 PUSCH transmission scheme.
[bookmark: _Toc24154184]For CG Type 2 with both Rel-15 and Rel-16 PUSCH transmission scheme, the number of repetitions to be applied is given by numberofrepetitions as signaled in the TDRA table if present; otherwise by the higher layer configured parameter repK.

2.1.3 Retransmission
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 the fallback DCI format shall always be supported to address activation, retransmission and release of CG. In the 3GPP RAN1 #98bis meeting, there is an agreement for the use of fallback DCI for activation and release. Thus, we propose 
[bookmark: _Toc24126931][bookmark: _Toc24154185]The fallback DCI format 0_0 shall be supported for retransmission of CG.

[bookmark: _Toc24126935][bookmark: _Toc24154186][bookmark: _Toc21402687]Confirm working assumption: “Retransmission of the PUSCH scheduled by a new UL DCI format with CRC scrambled by CS-RNTI with NDI=1 shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with the new UL DCI format”.

2.1.4 RV usage for configured grant with Rel. 16 PUSCH repetition scheme
The RV determination for the Rel. 16 repetition scheme has not been finalized in the PUSCH discussion. In particular, the when a nominal PUSCH repetitions is segmented it is not clear which RVs the different segments will use. One proposal is that all segments of a nominal repetition use the same RV as the first segment in the nominal repetition. This can lead to many segments using the same RV. It is also not clear which RV to assign to which nominal repetition, or which RV sequences are available.
We note that in the CR to 38.214 for Rel. 16 PUSCH transmission scheme with CG the UE is allowed to start transmissions in some transmission opportunities when the RV is 0. In our opinion this has not been agreed for Rel. 16 PUSCH transmission scheme.
[bookmark: _Toc24153246]For UL CG with Rel-16 PUSCH transmission scheme, it has not been agreed that a UE can start transmission at any transmission occassion with RV0.
In fact, such UE behaviour is inappropriate for Rel. 16 PUSCH repetition. Allowing a UE to start transmitting at other transmission opportunities than the first was introduced in Rel. 15 to reduce the alignment delay for repetition over multiple slots. The Rel. 16 PUSCH transmission scheme uses back-to-back repetition with a much smaller alignment delay. Furthermore, it is possible to configure multiple CG configurations to lower alignment delay.
Another issue is that, depending on RV determination discussion outcome in the PUSCH discussion, there can be several segments with RV0. Allowing the UE to start transmitting at any of these incurs a heavy blind decoding burden on the gNB which is not desirable.
[bookmark: _Toc24154187]For UL CG with Rel-16 PUSCH transmission scheme, UE is not allowed to initiate transmission at arbitrary transmission occasion with RV0. 

2.2	Increase range of repK and repetitions
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: _Toc24153247]TDD UL-DL pattern may significantly 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 the number of possible UL transmissions from 2 to 4.

[bookmark: _Toc24149805][bookmark: _Toc24154188]The maximum number of repetitions for both CG and DG and for both Rel. 15 and Rel. 16 transmission schemes is 16.

2.3 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 proposal:

[bookmark: _Toc21402693][bookmark: _Toc24154189]Introduce time-offset in configured grant with K repetitions.

2.4	Periodicity of 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][bookmark: _Toc24154190]New periodicity values are added for supporting V2X services:
[bookmark: _Toc21402695][bookmark: _Toc24154191]{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][bookmark: _Toc24154192]{symb200x12, symb400x12, symb800x12, symb1200x12, symb1600x12, symb2000x12, symb2400x12, symb2800x12, symb3200x12, symb3600x12, symb4000x12}
3    Conclusion
In the previous sections we made the following observations: 
Observation 1	Duplicated RRC parameters in ConfiguredGrantConfig and in PUSCH-Config doesn’t provide more flexible CG PUSCH transmission.
Observation 2	Duplicated RRC parameters in ConfiguredGrantConfig and in PUSCH-Config can cause complication in CG re-transmission.
Observation 3	For UL CG with Rel-16 PUSCH transmission scheme, it has not been agreed that a UE can start transmission at any transmission occassion with RV0.
Observation 4	TDD UL-DL pattern may significantly impact the reliability of UL CG transmission.


Based on the discussion in the previous sections we propose the following:
Proposal 1	At least for DCI format 0-2, CG PUSCH should follow the RRC configuration of dynamic PUSCH transmission as much as possible.
Proposal 2	For CG Type 2 with both Rel-15 and Rel-16 PUSCH transmission scheme, the number of repetitions to be applied is given by numberofrepetitions as signaled in the TDRA table if present; otherwise by the higher layer configured parameter repK.
Proposal 3	The fallback DCI format 0_0 shall be supported for retransmission of CG.
Proposal 4	Confirm working assumption: “Retransmission of the PUSCH scheduled by a new UL DCI format with CRC scrambled by CS-RNTI with NDI=1 shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with the new UL DCI format”.
Proposal 5	For UL CG with Rel-16 PUSCH transmission scheme, UE is not allowed to initiate transmission at arbitrary transmission occasion with RV0.
Proposal 6	The maximum number of repetitions for both CG and DG and for both Rel. 15 and Rel. 16 transmission schemes is 16.
Proposal 7	Introduce time-offset in configured grant with K repetitions.
Proposal 8	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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