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[bookmark: _Toc530598495][bookmark: _Toc530598551][bookmark: _Toc530598569][bookmark: _Toc22741451][bookmark: _Toc133512132]1	Introduction
RAN1 has received an LS from RAN2 in [1] with the following description:
	[bookmark: _Hlk149574182]RAN2 thanks RAN1 for the information provided in the reply-LS R1-2308487. Since the impact to RAN1 specifications is considered to be low by RAN1, RAN2 intends to extend the CG-SDT periodicities with the following values:
{1280, 2560, 5120, 10240, 61440, 122880, 307200, 604160, 1208320, 1802240, 3604480} ms



The action for RAN1 is to take the above information into account and perform necessary updates to the RAN1 specifications.
In this contribution, we describe the potential updates to RAN1 specifications due to the extension of CG-SDT periodicities. Additionally, we discuss potential RAN1 reply to the LS in [1].
2	Discussion
In the Rel-17 specification, the maximum periodicity for CG-SDT is 640 ms. As RAN1 replied in [2] to the LS in [3], extension of CG-SDT periodicities would have low impact on RAN1 specifications. The main impacts would be to add a new table in TS 38.213 clause 19.1 for mapping between PUSCH configuration period and SSB-to-PUSCH association period for extended periodicities and to update the definitions of association period and association pattern period in the same clause [4]. 
To capture the aforementioned updates, we have the following proposal:
Proposal 1 [bookmark: _Toc149917157]Adopt the following TP for TS 38.213 clause 19.1:

	[bookmark: _Toc83289645][bookmark: _Toc146789839]19.1	Configured-grant based PUSCH transmission
A UE indicated to release a dedicated RRC connection can be provided one or more configurations by respective one or more ConfiguredGrantConfig, for configured grant Type 1 PUSCH transmissions on the initial UL BWP [12, TS 38.331]. For the remaining of this clause, PUSCH transmissions refer to configured grant Type-1 PUSCH transmissions for a configuration provided by ConfiguredGrantConfig. 
A UE can be provided by sdt-SSB-Subset a number of SS/PBCH block indexes  to map to a number of valid PUSCH occasions for PUSCH transmissions over an association period. If the UE is not provided sdt-SSB-Subset, the UE determines  from the value of ssb-PositionsInBurst in SIB1. A PUSCH occasion for a PUSCH transmission is defined by a time resource and a frequency resource and is associated with a DM-RS provided by cg-DMRS-Configuration for the configuration of PUSCH transmissions. A UE can be provided a number of repetitions for a PUSCH transmission by repK or numberOfRepetitions. If the number of repetitions is provided and larger than 1, all the PUSCH occasions of the repetitions for the PUSCH transmission are mapped to the same SS/PBCH block index(es). All the PUSCH occasions of the repetitions are not valid if any PUSCH occasion of the repetitions is not valid. 
An association period, starting from frame with SFN 0, for mapping  SS/PBCH block indexes, from the number of SS/PBCH block indexes, to valid PUSCH occasions and associated DM-RS resources is the smallest value in the set determined by the PUSCH configuration period provided by periodicity in ConfiguredGrantConfig according to Table 19.1-1 or by cg-SDT-PeriodicityExt in ConfiguredGrantConfig according to Table 19.1-2 such that  SS/PBCH block indexes are mapped at least once to valid PUSCH occasions and associated DM-RS resources within the association period. A UE is provided a number of SS/PBCH block indexes associated with a PUSCH occasion and a DM-RS resource by sdt-SSB-PerCG-PUSCH. If after an integer number of SS/PBCH block indexes to PUSCH occasions and associated DMRS resources mapping cycles within the association period there is a set of PUSCH occasions and associated DMRS resources that are not mapped to  SS/PBCH block indexes, no SS/PBCH block indexes are mapped to the set of PUSCH occasions and associated DMRS resources. An association pattern period includes one or more association periods and is determined so that a pattern between PUSCH occasions with associated DMRS resources and SS/PBCH block indexes repeats at most every 640 msec if the PUSCH configuration period is provided by periodicity and at most every 3604480 msec if the PUSCH configuration period is provided by cg-SDT-PeriodicityExt. PUSCH occasions and associated DMRS resources not associated with SS/PBCH block indexes after an integer number of association periods, if any, are not used for PUSCH transmissions.
Table 19.1-1: Mapping between PUSCH configuration period and SS/PBCH block to configured PUSCH resource association period for UE not configured with cg-SDT-PeriodicityExt
	PUSCH configuration period  (msec)
	Association period (number of PUSCH configuration periods)

	5
	{1, 2, 4, 8,16, 32, 64, 128}

	8
	{1, 2, 4, 5, 8, 10, 16, 20, 40, 80}

	10
	{1, 2, 4, 8,16, 32, 64}

	16
	{1, 2, 4, 5, 8,10,20,40}

	20
	{1, 2, 4, 8,16, 32}

	32
	{1, 2, 4, 5, 10, 20}

	40
	{1, 2, 4, 8, 16}

	64
	{1, 2, 5, 10}

	80
	{1, 2, 4, 8}

	128
	{1, 5}

	160
	{1, 2, 4}

	320
	{1, 2}

	640
	{1}



Table 19.1-2: Mapping between PUSCH configuration period and SS/PBCH block to configured PUSCH resource association period for UE configured with cg-SDT-PeriodicityExt
	PUSCH configuration period  (msec)
	Association period (number of PUSCH configuration periods)

	1280
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 352, 704, 1408, 2816}

	2560
	{1, 2, 4, 8, 16, 32, 64, 128, 176, 352, 704, 1408}

	5120
	{1, 2, 4, 8, 16, 32, 64, 88, 176, 352, 704}

	10240
	{1, 2, 4, 8, 16, 32, 44, 88, 176, 352}

	61440
	{1, 2, 4, 8, 14, 28, 58}

	122880
	{1, 2, 4, 8, 14, 28}

	307200
	{1, 2, 4, 5, 10}

	604160
	{1, 2, 4}

	1208320
	{1, 2}

	1802240
	{1, 2}

	3604480
	{1}







Additionally, in the reply-LS for [1], we think that RAN1 should ask RAN2 to consider some minor updates to their specification(s) to address the issue described below. 
The UE will transmit according to the configured periodicity only if there is MO data to transmit in its buffer. If there is no data, the UE will not transmit anything, i.e., the UE will simply skip the CG occasion [5]. If the UE skips several consecutive occasions, the time elapsed between transmissions can be much longer than the configured periodicity. Allowing the UE to skip—unconditionally—can lead to outdated power control parameters, especially for longer periodicities. More specifically, the power control updates that the UE received in response to the previous CG transmission may have become outdated. If the UE transmits with the outdated power control parameters, it can lead to UE’s transmission not being received correctly at the gNB or can lead to interference at the gNB. Note that power control parameters can become outdated even though the UE is stationary, for e.g., when the interference condition in the current cell or neighboring cells have changed. 
In Rel-16 PUR (for LTE-M and NB-IoT), where the periodicity can be up to 24 hours [6], the above issue has been resolved by specifying open loop power control for transmissions on PUR occasions. In the open loop power control mechanism, the transmit power of the UE depends on passloss estimate but not on TPC command from the network. Although a similar solution could be considered for CG-SDT, introducing open loop power control will incur fairly substantial RAN1 impacts.
A simple alternative to introducing open loop power control is to enable the network, somehow, to limit the number of CG occasions that the UE can skip. Although this is possible by introducing a configurable limit on the maximum number of consective skips (similar to that for Rel-16 PUR), it unnecessarily results in implicit release of CG-SDT configuration, and consequently, in additional overhead. Instead of releasing the UE, a better approach is to allow the UE to maintain the configuration but instructing it to send something, e.g., dummy data, in the next CG occasion after the maximum skips, even if it has no MO data to transmit. Then, in response to this dummy data transmission, the network has the possibility to provide power control updates to the UE, if needed.
Observation 1 [bookmark: _Toc149917115][bookmark: _Toc142661142][bookmark: _Hlk149776357]Configuring the UE to send dummy data (after certain number of consective skips) when it has no MO data to transmit enables the network to provide power control updates to the UE. 
The above alternative largely reuses the solution for Rel-16 PUR and incurs no RAN1 specification impact. Also, the impact to RAN2 specifications is expected to be minimal. Therefore, our proposal is as follows:

Proposal 2 [bookmark: _Toc149917158][bookmark: _Hlk149776381]In RAN1’s reply to the LS on extended CG-SDT periodicities (R2-2311588), ask RAN2 to introduce the possibility to configure the UE to transmit dummy data after certain number of skips of consecutive CG occasions.
3	Conclusion
In the pevious section, we made the following proposal and observation:
Proposal 1	Adopt the TP in Section 2 for TS 38.213 clause 19.1:
Observation 1	Configuring the UE to send dummy data (after certain number of consective skips) when it has no MO data to transmit enables the network to provide power control updates to the UE.
Proposal 2	In RAN1’s reply to the LS on extended CG-SDT periodicities (R2-2311588), ask RAN2 to introduce the possibility to configure the UE to transmit dummy data after certain number of skips of consecutive CG occasions.
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