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1	Introduction
The WID on small data transmission from RRC_INACTIVE has been updated in [1]. Based on the WID, RAN2 needs to specify the general procedures for both RACH-based schemes and CG-based schemes. Several issues where discussed for CG-SDT in the email discussion Post113-e][504][SDT]  CG open issues  [2]  and during the last RAN2#2 meetings and in the email discussion [Post116-e][509][SDT]CG open issues (Huawei) [3]. 

This contribution discusses aspects related to CG Resource release, expiry of legacy TAT, CG-SDT periodicities, power control during CG-SDT, indication of invalid TA and TDOA based TA validation.
[bookmark: _Ref178064866]2	Discussion
2.1	Release of CG-SDT resources
For the UE to be allowed to transmit on a CG-SDT resource, the TA validation criteria must be satisfied, both in terms of RSRP levels and a running TAT. We see little benefit of keeping a CG configuration which at some point in time is not time aligned. In case the gNB wishes to keep the CG configuration active when TAT is about to expire, it can update the TA before the TAT expires. In case the gNB does not do this, it implies that it no longer wants the UE to use the CG-SDT resources. Therefore, we give the following proposal. 
[bookmark: _Toc92793169][bookmark: _Toc61340447][bookmark: _Toc61340629][bookmark: _Toc61423502][bookmark: _Toc61441819][bookmark: _Toc54272462]If the TA corresponding to a CG-SDT configuration is invalidated before transmission, the UE releases the CG-SDT configuration. 
As has been discussed, the use of beams impact CG-based SDT. A configured CG resource will have a beam correspondence meaning that the UE transmits in a certain direction and the gNB listens in the same direction, i.e. corresponding to a specific SSB. A natural assumption is that the beam correspondence configured is the one that is used when the UE is sent from connected to inactive. The same is valid if the CG configuration is a response to a RA-SDT since the UE in this case will have indicated its best beam. Hence, for stationary UEs, the benefit of configuring several SSB associations seems very limited.
Since it is agreed that several SSB to CG associations can be configured, it is possible to before e.g. every CG transmission occasion select the best SSB and transmit on the resource corresponding to this SSB. This could have advantages in cases where several SSB to CG associations are configured and the UE is moving. In this case the UE could reselect SSB as it moves through the cell. However, we see several drawbacks with this approach: 
· The target scenario for CG-SDT is for stationary UEs, optimizations to handle moving UEs should not be needed
· it will lead to a large overhead to configure CG resources with different SSB associations that are not used,
· it will require a large processing burden for blind decoding at the gNB since transmissions can be on a CG resource with any SSB association, 
· possibly new MAC CEs are needed to report new best beams, beam changes etc. 
To reduce the waste of resources when several SSB to CG resource associations are configured but not used we believe that it would be advantageous to enable configuration of implicit release of the unused resources. In this case, once a UE selects an SSB and starts using the corresponding CG resources, the CG resources corresponding to other SSBs are released. In this way, only the selected resources are kept and the other resources can be utilized for other purposes. We propose
[bookmark: _Toc92793170]Implicit release of CG resources associated with not selected SSBs can be configured. 
 In case implicit release of unused CG resources is not configured it should be considered to enable use of CG resources that are not selected but still above the SS-RSRP limit. One option would be to allow use of e.g. CG resources on another SSB for e.g. transmissions of subsequent data. That is, if the data available for transmission does not fit in the selected resource, other resources in the same CG configuration period which satisfy the SS-RSRP threshold could be used to transmit the data.
[bookmark: _Toc92793171]In case the buffer cannot be emptied by a CG-SDT transmission, CG resources within the same CG configuration period on a SSB satisfying the RSRP criteria can be used for transmission. 
2.2	Expiry of legacy TAT during ongoing CG-SDT procedure
In [Post116-e][509][SDT]CG open issues (Huawei), the UE action upon expiry of the CG-SDT-TAT is discussed. It was noted that the 38.321 specifies the UE actions as follows:
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
In the case where the UE has an ongoing CG-SDT procedure this would not be a wanted behaviour upon legacy TAT expiry. The legacy TAT may be started during a RA procedure during the ongoing CG-SDT procedure and time out while the CG-SDT procedure is still active. We therefore propose:
[bookmark: _Toc92793172]In case the legacy TAT expires during an ongoing CG-SDT procedure with CG-SDT-TAT running, the UE takes no action. 
2.3	Periodicities for CG-SDT
In NR connected mode, the maximum periodicity configurable for CG Type 1 is 640ms. In LTE-PUR, considerable larger periodicities are possible, as can be seen from the following excerpt from 36.331
PUR-PeriodicityAndOffset-r16 ::= CHOICE {
	periodicity8		INTEGER (1..7),
	periodicity16		INTEGER (1..15),
	periodicity32		INTEGER (1..31),
	periodicity64		INTEGER (1..63),
	periodicity128		INTEGER (1..127),
	periodicity256		INTEGER (1..255),
	periodicity512		INTEGER (1..511),
	periodicity1024		INTEGER (1..1023),
	periodicity2048		INTEGER (1..2047),
	periodicity4096		INTEGER (1..4095),
	periodicity8192		INTEGER (1..8191)
where the value of periodicity is in the unit of H-SFN duration (i.e., 10.24s). This means that the periodicities vary between 82 seconds and 23 hours (23.3), i.e. an entirely different time scale compared to CG in NR connected mode. Since the use cases for LTE-PUR and CG-SDT are similar and it would be sufficient to rely on CG in connected mode for the shortest periodicities, it seems reasonable to somewhat align the periodicities for CG-SDT by excluding the shortest periodicities available for CG in NR connected mode and include periodicities at least up to the shortest periodicity for LTE PUR. We therefore propose
[bookmark: _Toc92793173]The shortest periodicites for CG in connected mode are not used by CG-SDT. 
[bookmark: _Toc92793174]Periodicites in the range from 640 ms up to several seconds or more should be configurable for CG-SDT
2.4	Power control for CG-SDT
In RAN1#107-e, it was agreed that the UE specific power control parameters P0 and alpha are configured for the initial UL transmissions [3]. These parameters can be provided in the RRCRelease message. For possible re-transmissions of the initial UL transmissions and subsequent UL transmissions, legacy closed loop power control mechanism will be re-used. That is, during a re-transmission or subsequent transmission, the UE will receive a TPC update from the gNB, and the UE transmit power is adjusted accordingly.  However, for new transmissions on CG resources, there is no possibility to update the values of P0 and alpha for a CG-SDT configuration while the UE is in inactive state. Since the channel conditions may change during the ongoing CG-SDT procedure, especially in cases where the procedure would be ongoing for a long time, it would be advantageous to be able to update these without sending a new RRCRelease message with updated parameters. An attractive option is to define a new MAC CE to enable updates of P0 and alpha. The MAC CE could be defined in different ways as long as the essential information of new settings of P0 and alpha is included. The procedure is illustrated in Figure 1.
[image: ]
[bookmark: _Ref92448188]Figure 1 New MAC CE to update P0 and alpha for CG-SDT.
We therefore propose
[bookmark: _Toc92793175]A MAC CE is defined to enable updates of the power control parameters P0 and alpha for CG-SDT.
2.5	Reporting invalid TA
The TA validation procedure is the basic requirement to enable use of the configured CG resources. If the TA validation fails, the UE needs to do a random access procedure to obtain a new grant for the data transmission. The RA procedure makes the gNB aware of that the TA is invalid and that a new CG configuration is needed. However, the gNB has no information other than the selected SSB in the RA procedure to base the new CG configuration on unless the UE is moved to connected mode. More detailed information without transition to connected mode would be beneficial for efficient CG configuration. To enable this, reporting of the outcome of the TA validation would be useful. For example, if the strongest beam changes, the RSRP values for a set of SSBs could be indicated. The reporting could be done by random access procedure or using the next CG resource.
[bookmark: _Toc92793176]The result of the TA validation such as measured RSRP of different SSBs can be sent to gNB.
2.6	Time Alignment validation based on TDOA
An issue of TA validation based on RSRP is the low accuracy of RSRP. As discussed in RAN1 #104b-e meeting in [5], on top of the TA validation based on RSRP change and TAT, TA validation may also need to be based on the received time difference. By applying both RSRP based validation and received timing difference based validation, the TA validation becomes more reliable which is especially important in FR2 scenarios where multiple beam resources can be configured.
Compared to RSRP change based TA validation, this timing difference (TDOA) based TA validation is more reliable, since TDOA (based on first detected path) better reflects actual change in propagation delay than RSRP and absolute RSRP accuracy is very large (section 10.1.2/10.1.3 in TS 38.133). Furthermore, TDOA based TA validation may be less complex and more power efficient as it’s based on the timing detection of downlink reference signals. Power efficiency is crucial for the UE which are going to apply SDT in practice, examples of such devices can be wearables, sensors etc. By applying TA validation based on received beam timing change, the UE does not have to perform dedicated RSRP measurements of all the beams configured for SDT, which makes the process both faster and power efficient. 
We see an advantage in configuring the UE with both methods (RSRP based and TDOA based) for validating the TA. The main advantage is that it makes the TA validation more reliable as it takes into account whether UE has performed any beam changes and also the direction of the movement (e.g. if UE is moving towards or away from the gNB or moving in a circular fashion). Another option is to configure the UE with both methods and selecting one based on the mobility conditions, e.g. based on whether or not it has performed any beam change. Since TDOA based TA validation is expected to be more accurate, it can be used within a beam while RSRP can be used when beam change has been performed. According to above, we have following proposal.
[bookmark: _Toc85626679][bookmark: _Toc85741253][bookmark: _Toc92793177][bookmark: _Toc85619796][bookmark: _Toc85626681]In addition to the TA validation based on RSRP change, support TDOA based criteria for TA validation in CG based SDT.  
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	If the TA corresponding to a CG-SDT configuration is invalidated before transmission, the UE releases the CG-SDT configuration.
Proposal 2	Implicit release of CG resources associated with not selected SSBs can be configured.
Proposal 3	In case the buffer cannot be emptied by a CG-SDT transmission, CG resources within the same CG configuration period on a SSB satisfying the RSRP criteria can be used for transmission.
Proposal 4	In case the legacy TAT expires during an ongoing CG-SDT procedure with CG-SDT-TAT running, the UE takes no action.
Proposal 5	The shortest periodicites for CG in connected mode are not used by CG-SDT.
Proposal 6	Periodicites in the range from 640 ms up to several seconds or more should be configurable for CG-SDT
Proposal 7	A MAC CE is defined to enable updates of the power control parameters P0 and alpha for CG-SDT.
Proposal 8	The result of the TA validation such as measured RSRP of different SSBs can be sent to gNB.
Proposal 9	In addition to the TA validation based on RSRP change, support TDOA based criteria for TA validation in CG based SDT.
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