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1	Introduction
The WI on small data transmission from RRC_INACTIVE has been updated in [1]. Based on the WI, 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 [3]. The following CG-SDT agreements were reached at RAN2#113bis-e:
Agreements:
1	CG-SDT resources can be configured at the same time on NUL and SUL 
[bookmark: _Hlk69904338]2	Implicit release of CG-SDT resource is not supported
3	UE start a window after CG/DG transmission for CG-SDT.   FFS whether to design a new timer or to reuse an existing timer.

4	Support retransmission by dynamic grant for CG-SDT. 
5	Support multiple HARQ processes for uplink CG-SDT. 
6	CG resource availability delay is not considered as a criterion for CG validation.
7	UL carrier selection is performed before CG-SDT selection
8	FFS CG-SDT resource can be configured on BWPs other than initial BWP

In RAN2#114-e, the following agreements relevant for CG-SDT were made
Agreement 
1. Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
2. CG-SDT resource can be configured on either initial BWP or separate SDT BWP.  Ask RAN1 to confirm
3. FFS CS-RNTI based dynamic retransmission is reused for CG-SDT

Agreements:
1. Release of CG-SDT configuration by system information indication is not supported
2. [bookmark: _Hlk73523724]RAN2 thinks that some feedback may be beneficial in case CG is used for subsequent transmission.  RAN2 assumes that existing mechanism can be used.    
3. [bookmark: _Hlk73523747]For initial CG transmission, UE does not select any SSB if none of the SSBs’ RSRP is above the RSRP threshold.  FFS if re-evaluation for every CG transmission is necessary 

In RAN2#115-e the following agreements were reached:

	Agreements
1.	If none of the SSBs’ RSRP is above the RSRP threshold of CG-SDT criteria in the type selection phase, UE should select RA-SDT if RA-SDT criteria is met
2.	MAC PDU rebuilding is not required (unless we find a case that is needed)
3.	During subsequent CG transmission phase (i.e. after the UE has received response from NW) UE can initiate at least legacy RACH procedure (e.g. trigger due to no UL resources).  No MAC PDU rebuilding is required.  FFS if the RA-SDT RA resources can be used for subsequent data.   
a.	At least the following conditions are agreed: (1) no qualified SSB when the evaluation is performed; (2) when TA is invalid; (3) when SR is triggered due to lack of UL resource
4.	UE should release CG-SDT resource (if stored) when UE initiates RRC resume procedure from another cell which is different from the cell in which the RRCRelease is received.
5.	The C-RNTI previously configured in RRC_CONNECTED state is used for UE to monitor PDCCH in CG-SDT.  
6.	CS-RNTI based dynamic retransmission mechanism can be reused for CG-SDT.  FFS whether CS-RNTI is the same one as the one previously configured in RRC_CONNECTED or a new CS-RNTI one is provided to the UE
7.	During the subsequent new CG transmission phase, for the purpose of CG resource selection, UE re-evaluates the SSB for subsequent CG transmission.  FFS what happens if no SSBs are valid or if no sample is available
8.	From RAN2 perspective, at least the following parameters should be included in the CG-SDT configuration. FFS whether these parameters are common for multiple CG-SDT configurations or per CG-SDT configuration.
· The new TA timer in RRC_INACTIVE;
· The RSRP change threshold for TA validation mechanism in SDT (details dependent on RAN1);
· The SSB RSRP threshold for beam selection (i.e. UE selects the beam and associated CG resource for data transmission).



Still some in topics such as Time alignment, HARQ operation including retransmissions, PDCCH monitoring timer and configuration request are still under discussion.
This contribution discusses details on these topics.
[bookmark: _Ref178064866]2	Discussion
Our view of the typical scenario for CG-SDT procedure is to handle predictable periodic data with periodicities that are longer than what can be handled efficiently by configured grants in connected mode. We also believe that the CG-SDT procedure will just as the RA-SDT procedure be short, i.e. not more than a few subsequent data transmissions and possibly retransmissions before the procedure is ended by the RRCRelease message. An example is depicted in Figure 1. It should be noted that the figure illustrates a situation where the data arrival does not match well to the data arrival time. In the ideal scenario, the data arrives just before the first CG resource.
[image: ]
[bookmark: _Ref84858819]Figure 1 Example of CG-SDT procedure.
Several variants of the SDT procedure can be envisioned. One option is to let it run over several CG transmission occasions after the RRCResumeRequest transmission but we do not think this is a good option since this would require explicit L1 Acks to ensure reliable operation (i.e. procedure should not be running for a long time without explicit ack). Using an explicit L1 Ack also results in a more complex specification and implementation. Given the long periodicities we further do not believe that the extra overhead from using the RRCRelease would be cumbersome. 
2.1	Time Alignment validation based on RSRP
It can be assumed that for the use of any CG type configuration, frame synchronization is needed. As been agreed, both a time alignment timer (TAT) for Serving Cells associated with the Timing Advance Group (TAG) and the RSRP will be used to determine if the UE is time aligned. The UE will be considered time aligned if the TAT is running and the RSRP is within certain thresholds. The use of RSRP change thresholds is to ensure that the UE is stationary with respect to TA.
As has been agreed, there is a minimum RSRP threshold needed to initiate the SDT-CG. Exactly how the RSRP is determined is still under discussion. Further, it has been agreed that the CG resources can be configured to be associated with SSBs. At the initiation of the CG-SDT procedures, the UE will select a CG resource with SS-RSRP above a threshold for transmission.
For subsequent CG-SDT transmissions there will be multiple TA validation criteria which the UE must pass in order to use the CG-SDT resource. They would then be:
1. TAT is running
2. RSRP is within configurable thresholds

From the LS reply from RAN1 [4], the RSRP for RSRP change calculation should be calculated based on a subset of SSBs which can be determined based on a configured absolute RSRP threshold. 
[bookmark: _Hlk71481803]The RSRP change can be the difference between two RSRP values calculated at two time instances, where one is the time when the UE receives the latest TAC from the network or the latest RSRP calculation, the other is the time when UE determines TA validation for a CG PUSCH SDT.
[bookmark: _Toc71661776][bookmark: _Toc85741251]RSRP change is the difference between RSRP calculated at the time when the UE receives the latest TAC from the network or the latest RSRP determination and the RSRP calculated at the time when UE determines TA validation for a CG PUSCH SDT.
From the above, a RSRP change threshold together with the TAT should be defined to determine whether TA is valid or not. An issue is whether the threshold and the TAT should be defined per CG configuration or per UE, which is related to the SSB beams in NR in our view.
In NR, some of the SSB beams may be wider (e.g. beam width of 30 degrees), and some of the SSB beams may be narrower (e.g. beam width of 10 degrees). The beam contains Pw dB or Z% of the power compared to the total power within the beamwidth e.g. Pw = -3dB. The beamwidth is one of the beam characteristics.
For the subset of SSBs with wider beams, a shorter TAT may be preferred as the RSRP for this wider SSB beam may not change that much (compared to same movement in narrow SSB beams) meaning that the RSRP variation criteria may be not enough if the TAT duration is too long and there could also be a lot of UEs selecting that SSB since it’s wider which requires more stringent TA requirement to avoid interference when the load is high. Otherwise, if a relatively long TAT is used, the TA validation method may result in incorrect or less reliable outcome resulting in UE transmitting the SDT using an invalid TA value. 
For the subset of SSBs with narrower beams, a longer TAT can be allowed since the SSB beam switching happens more frequently among those narrow beams (RSRP is also easy to change which can also be able to invalidate the TA within the long duration of TAT) and there will be not that many UEs selecting those beams as they are restricted to be within the area covered by those narrow beams.
According to above, the RSRP variation threshold and TAT configurations should be able to be configured differently for different subset of SSBs with different beam width. And here different subset of SSBs can be, as an example, for different CG PUSCH configurations.
[bookmark: _Toc68422012][bookmark: _Toc68446866][bookmark: _Toc68421980][bookmark: _Toc68422013][bookmark: _Toc68446867][bookmark: _Toc68421981][bookmark: _Toc68422014][bookmark: _Toc68446868][bookmark: _Toc68421982][bookmark: _Toc68422015][bookmark: _Toc68446869][bookmark: _Toc68421983][bookmark: _Toc68422016][bookmark: _Toc68446870][bookmark: _Toc68421984][bookmark: _Toc68422017][bookmark: _Toc68446871][bookmark: _Toc68421985][bookmark: _Toc68422018][bookmark: _Toc68446872][bookmark: _Toc68421986][bookmark: _Toc68422019][bookmark: _Toc68446873][bookmark: _Toc68421987][bookmark: _Toc68422020][bookmark: _Toc68446874][bookmark: _Toc71661777][bookmark: _Toc85741252]Different RSRP variation thresholds and TAT configurations can be configured for different sets of SSBs configured in different CG PUSCH configurations.

2.2	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 efficient 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: _Toc85619796][bookmark: _Toc85626681][bookmark: _Toc61340447][bookmark: _Toc61340629][bookmark: _Toc61423502][bookmark: _Toc61441819]On top of the TA validation based on RSRP change, support TDOA based criteria for TA validation in CG based SDT.  
2.3 	SSB to CG resource association
How to configure the CG resource to SSB mapping is currently discussed in RAN1. Regarding the SSB to CG PUSCH association pattern period, it can be implicitly derived based on the SSB period and the CG period and there is no need to introduce new signaling, which can be similar to SSB to RO mapping. Similar to number of SSBs per PRACH Occasion configuration, number of SSBs per CG PUSCH occasions can be configured explicitly. However, whether the CG period candidate values for SDT in RRC inactive state should be the same as Configured grant based PUSCH transmissions in RRC connected state should be discussed taking the intended scenarios for CG-SDT into account. As an example, the periodicities for legacy PUR which targets similar use cases as CG-SDT are considerably longer than what is used for CG periods in NR.
[bookmark: _Toc85741254]CG period candidate values for SDT in RRC inactive state should be discussed by RAN2. 
As a baseline, the periodicities that are configurable for legacy PUR could be taken as baseline for the discussions
2.4	Retransmissions and HARQ operation 
To not exhaust the number of HARQ processes configured for CG we believe that the legacy configuredGrantTimer is useful for CG-SDT to ensure that new data is not transmitted on the HPID when retransmissions may be pending.
[bookmark: _Toc85741255]configuredGrantTimer is supported for CG-SDT.
In Rel. 16, autonomous retransmissions on CG resources can be configured. This requires configuring the cg-RetransmissionTimer, HARQ-ACK (DFI), CS-RNTI and use of UCI. Autonomous retransmissions in Rel. 16 also employ a different way to determine HPID compared to legacy. We believe that autonomous retransmissions on CG resources are not very useful for the scenarios considered for CG-SDT, since the periodicities between CG transmission occasions can be relatively long meaning that a sufficient number of retransmissions using dynamic grants are possible. Hence, it is more efficient to rely on dynamic grants addressed to the C-RNTI. We therefore do not think it is worth the extra complexity needed to use autonomous retransmissions and propose that
[bookmark: _Toc85741256]Autonomous retransmissions on CG resources are not supported for CG-SDT.
Introducing L1 Ack feedback could have its merit also for CG-SDT, at least if the CG procedure runs for a long time over many CG transmission occasions and a badly configured RSRP threshold. In this case with too low RSRP settings the gNB could completely miss the RRCResumeRequest and all following transmissions. However, this scenario is very unlikely, both with respect to configuring erroneous RSRP threshold making the gNB unable to detect any transmission and a scenario where the procedure runs for a very long time. We propose to rely on Rel. 15 legacy features in this case.
[bookmark: _Toc85741257]L1 ACK feedback is not supported for CG-SDT.
[bookmark: _Toc78967568][bookmark: _Toc54270973][bookmark: _Toc54271015]
2.5		PDCCH monitoring timer
In RAN2#113bis-e, the use of a PDCCH monitoring timer was discussed. This would be useful in the sense that it can reduce power consumption between the CG transmission occasions and is helpful considering that it can be envisioned that the CG periodicity for CG-SDT may be quite long. The timer should be started when an UL or DL transmission is performed when CG-SDT is configured. When the timer is running, the PDCCH is monitored. When the timer expires, the PDCCH is still monitored according to the UEs paging configuration. The timer should be configurable. The exact details can be left for stage 3 discussions. We propose

[bookmark: _Toc85741258]When a CG-SDT procedure is initiated, the PDCCH monitoring timer is
· [bookmark: _Toc85741259]Started or re-started for every UL or DL transmission
· [bookmark: _Toc85741260]The PDCCH is monitored when the timer is running
· [bookmark: _Toc85741261]When the timer expires, the UE monitors PDCCH according to its configured paging cycles
2.6	CG-SDT configuration Request
As summarized in the email discussion [3], it was discussed if the UE may request a SDT CG configuration from the NW. Currently similar discussions are ongoing in the Positioning WI were some companies see this is beneficial.
[bookmark: _Hlk85190326]In general it is up to NW discretion to, based on load, QoS considerations and scheduling strategy allocate configured grant resources in per UE (SDT DRB) configurations. Doing so, the main input to such decision is the bearer characteristic (e.g. periodicity, volume etc). Hence the overall actual DRBs and resources that are considered for SDT are in general decided beforehand. Considering what is useful for individual UE scheduling, is thus mainly link quality, data volume and data periodicities for which additional signalling in a request – response procedure is not needed.  For example, if well predictable data volume and periodicities are available for a particular UE this will be seen by the gNB and an appropriate configuration may be given to the UE. Assuming also that data volume reporting, i.e. BSR and triggers for the SDT transmission are well defined, the additional complexity in defining a (slow) RRC request procedure is not motivated. Another issue may be that it is always in the interest of the UE to obtain as much resources as possible, especially when no implicit release is agreed. For the gNB the situation is different, it needs to balance available resources among the UEs and needs to do this based on true data availability, not what a UE wishes. Such kind of request from the UE may cause complexity for the network to make decision with existing provision of for example traffic types, also bring extra signaling to handle in the split architecture. In other situations, it may also be so that the periodicities the trigger UL data are determined by a network node e.g. LMF, and it should therefore be unnecessary to route this information via the UE.
[bookmark: _Toc85741262]CG configuration request for SDT is not supported in Rel-17

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	RSRP change is the difference between RSRP calculated at the time when the UE receives the latest TAC from the network or the latest RSRP determination and the RSRP calculated at the time when UE determines TA validation for a CG PUSCH SDT.
Proposal 2	Different RSRP variation thresholds and TAT configurations can be configured for different sets of SSBs configured in different CG PUSCH configurations.
Proposal 3	On top of the TA validation based on RSRP change, support TDOA based criteria for TA validation in CG based SDT.
Proposal 4	CG period candidate values for SDT in RRC inactive state should be discussed by RAN2.
Proposal 5	configuredGrantTimer is supported for CG-SDT.
Proposal 6	Autonomous retransmissions on CG resources are not supported for CG-SDT.
Proposal 7	L1 ACK feedback is not supported for CG-SDT.
Proposal 8	When a CG-SDT procedure is initiated, the PDCCH monitoring timer is
	Started or re-started for every UL or DL transmission
	The PDCCH is monitored when the timer is running
	When the timer expires, the UE monitors PDCCH according to its configured paging cycles
Proposal 9	CG configuration request for SDT is not supported in Rel-17
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