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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]To avoid unnecessary power consumption and signaling overhead for the UEs in RRC_INACTIVE with infrequent data transmission, NR Small Data Enhancements WI [1] have been started by RAN2. In RAN1#104-e, some RAN1 issues of the RA and CG based SDT have been discussed, and some remained issues should be further discussed in this meeting [3], which is highlighted in yellow as following.
· One or multiple SSBs can be configured per CG configuration for CG-SDT.
· From RAN1 perspective, the following alternatives can be considered for the association between the configured SSBs and the CG resources (including transmission occasions and DMRS) per CG configuration for CG-SDT.
· Alt. 1: Reuse the SSB-to-RO mapping rules
· FFS the potential RAN1 impact, e.g. mapping ratio and association period
· Alt. 2: All the CG transmission occasions per CG configuration are associated with the same set of SSB(s) by explicit signalling.
· Other solutions are not precluded
· FFS whether repetition is supported for CG-SDT or not, and if supported how to handle the mapping between the SSBs and repetitions
· FFS TA validation and PUSCH validation for CG-SDT.

Also, based on some agreements of RAN2#113-e, one LS is sent to RAN1 for the following physical layer aspects of SDT [2]:
	RAN2 respectfully requests RAN1 to take the above into account and provide input for: 
· The TA validation mechanism based on RSRP change for CG-SDT.

In this contribution, we discuss the SSB-to-CGO mapping rules from the last RAN2 LS [4] and the TA validation issue triggered by the LS from RAN2#113-e.
On SSB-to-CG resource mapping 
In RAN1#104-e discussion, it is agreed that one or multiple SSBs can be configured per CG configuration for CG-SDT. The following issues need further discussion.
a) Whether the number of SSBs mapping to one CG configuration is configurable, i.e. network can configure 1~N SSBs mapping to one CG configuration
In the SSB-to-RO mapping, the number of SSBs mapped to RO is equal to the number of SSBs in a SSB burst. This is because the mapping rule is towards all the UEs in this cell so that every SSB should be mapped to at least one RO for equal opportunity among UEs. However, the SSB-to-CG resource mapping is configured per UE, so the mapping should be highly related to the UE’s traffic model and moving states. For example, there are 64 SSBs in a SSB burst in total, and UE1 is highly probable to be covered by SSB1 as in stationary state. The network can configure more/all CGOs mapping to SSB 0~2, and less/no CGOs mapping to SSB 3~63. The simplest way is to allow the network to configure SSB 0~2 mapping to CG configuration with index 1 with more/all CGOs for example.
Proposal 1: The number of SSBs mapping to one CG configuration should be configurable. It is up to the network whether and how to configure all the SSBs mapping to CG resources in one or multiple CG configurations.  
b) Whether the repetition is supported for CG-SDT or not, and if supported how to handle the mapping between the SSBs and repetitions
This issue is one of the FFS from RAN1#104-e discussion. Since the UL CSI of RRC_INACITVE UE may not be convenient to achieve, and there may be some TA inaccuracy as we will mention in Section 3, the repetition in RRC_CONNECTED CG can be supported for guaranteeing CG-SDT receiving performance. The repetitions in one CG period can be mapped to the same SSB or SSB sets as we discuss in the following paragraphs. 
c) How to map N SSBs to the CG resources in one CG configuration
In existing CG specifications, one CG configuration includes one CG period and K repetitions, if configured within one period. For CG-SDT, it would be straightforward to just use the CG period as the mapping cycle of different SSBs so that all configured SSBs will be mapped periodically. The K repetitions shall not change/differentiate the mapping order or mapped SSBs within one period since they are used for the purpose of coverage/reliability of PUSCH detection. A mapping ratio for SSBs-to-CG resources within a period can be considered similar to SSB-to-RO mapping ratio, providing flexibility for the network to use different number of SSBs accommodating different latency preference. 
An example of 4 CG configurations with different mapped SSBs and different mapping ratios is illustrated below in Figure 1. Assuming that the number of SSBs in a SSB burst is 8, and network configures SSB0 mapping to CG configuration1, SSB0~1 mapping to CG configuration2, SSB0~3 mapping to CG configuration3, and SSB0~7 mapping to CG configuration4. As can be seen, this approach enables N SSB(s) over M*CG period for a given CG configuration.
[image: ]
Figure 1. An example of 4 SSBs-to-CG period mapping configurations
Besides the examples in Figure 1, multiple SSBs mapped to one CG period can be differentiated by network implementation, for example, by different DMRS over the same time-frequency resources configured across different CG configurations.
By this approach, there is sufficient network flexibility to provide different SSBs to a UE and take into consideration of both needs of UE’s stability at the location when going to RRC_INACTIVE and the UE’s mobility in cell as long as TA is valid. So we have
Proposal 2: Specification should support network can explicitly configure the mapped SSBs and the mapping ratio of SSBs associated with CG periods per CG configuration.

On TA validation for CG-SDT 
In this section, we discuss the issues about timing alignment (TA) validation for CG-SDT, combining the issues in RAN2 LS and the FFS in the last RAN1 discussion. There are some agreements about TA validation in RAN2.
	Agreements:
1. TAT-SDT is started upon receiving the TAT-SDT configuration from gNB, i.e. RRCrelease message, and can be (re)started upon reception of TA command. 
2. From RAN2 point of view, assume similar to PUR, that we introduce a TA validation mechanism for SDT based on RSRP change, i.e.  RSRP-based threshold(s) are configured.  Ask RAN1 to confirm.  FFS on how to handle CG configuration when TA expires or when TA is invalid due to RSRP threshold.  Details of the TA validation procedure can be further discussed.
3. UE releases CG-SDT resources when TAT expires in RRC_Inactive state
  


In LTE PUR, UE considers the TA as invalid if the serving cell RSRP level has changed more than a configured RSRP threshold, or the TA timer (TAT) has expired. When the TA is invalid, the UE should not perform PUR transmission. Similarly, in NR CG-SDT, RSRP change and TAT can be also introduced for TA validation.
RSRP change based TA validation
TA is mainly related to the distance between UE and gNB, so that related to the RSRP change when the distance varies. Compared with the RSRP in LTE PUR, the main difference in NR is that multi-beam of SSBs should be considered, in which the SS-RSRP is measured among the reference signals corresponding to SSBs with the same SSB index. As shown in Figure 2, NR UEs measure the SS-RSRP of gNB beam 1~K (SSB 1~K) at Point A1, then to achieve the cell quality at Point B or to do SSB selection at Point F. So there are two RSRP measurement options as the criterion for TA validation as follow.

Figure 2. Measurement Model from TS38.300 [5]
· Option 1: SS-RSRP change as the criterion, which means the measurement results at Point A can be used as for TA validation. 
· Option 2: RSRP of the downlink pathloss reference change as the criterion. This RSRP can be considered as the cell measurement result after multiple beam consolidation at Point B.
In 2-step or 4-step RA, the RSRP of the downlink pathloss reference is used to select SUL/NUL, 2-step/4-step RA type and Group A/B, while the SS-RSRP is used for SSB selection. When the UE moves in the serving cell, the TA can still be well maintained in most cases as the UE keeps the distance from gNB unchanged or only slowly changed, therefore Option 2 is more reasonable than Option 1. 
This could be explained with an example shown in Figure 3, assuming that the UE is moving from Position 1 to Position 3 slowly such that the TA is unchanged since the change of distance from UE to gNB is small and slow. However with Option 1, the instant SS-RSRP change of SSB0 maybe over the threshold, which causes UE’s TA invalidation. On the other hand, with Option 2, the UE measures multiple SSBs to calculate the RSRP of the downlink pathloss reference for TA validation, for example measures the two strongest SSBs (SSB0 and SSB1). The RSRP changes of the downlink pathloss reference of the UE in Position 1~3 are all within the threshold, so that the UEs can maintain valid TA when moving from Position 1 to 2 or 3. 
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Figure 3. An example of RSRP change based TA validation
Observation 1: UE in RRC_INACTIVE can move within the serving cell and maintain the valid TA if the distance between UE and gNB does not change much.
Observation 2: Considering the multi-beam operation in NR, the RSRP of the downlink pathloss reference is used to select SUL/NUL, 2-step/4-step RA type and Group A/B, while the SS-RSRP is used only for SSB selection.
Proposal 3: RAN1 confirm that the RSRP change of the downlink pathloss reference can be a suitable criterion for determining the validity of the uplink timing alignment for CG-SDT. The threshold can be explicitly configured to a UE transferring to RRC_INACTIVE.

TAT based TA validation
In LTE PUR, the TA is invalid when TAT has expired, and the TAT value can be configured with 1~8 * PUR-periodicity by IE PUR-TimeAlignmentTimer. If this IE is absent, the network and UE do not use TAT as the criterion of TA validation. For NR CG-SDT, RAN2 has agreed to introduce TAT-SDT for TA validation too, but the detailed TAT value is still in discussion.
The use cases of SDT in WID [1] include Industrial Wireless Sensor Networks (IWSN) and smart meters transmitting temperature, pressure readings and meter readings periodically or in an event triggered manner. Most of the sensors/meters are at stable location, or in the factory that covered by small cell. 
On one hand, for the UEs with stable location, the TA can keep valid regardless of time duration, assuming that gNB is also stable. 
On the other hand, for the UEs that covered by small cell, e.g. IWSN in the factory, if the UE moves but still camps on the same cell, there may be some performance loss due to asynchronous transmission caused by inaccurate TA. Figure 4 shows the BLER performance comparison between the cases with different time offset with 30-kHz subcarrier spacing. Detailed simulation parameters are listed in Appendix 2. The time offset shows the time difference between asynchronous transmission and synchronous transmission. The positive value means the asynchronous transmission delays over synchronous transmission, while the negative value means ahead of synchronous transmission, corresponding to the UE moving farther/nearer to the gNB. Observed from Figure 4, if the time offset varies from -0.7us to 1.4us, the achieved performance loss is less than 0.6dB @10-1 BLER. If the time offset varies to 2.1us, the performance loss can be 2.5dB @10-1 BLER. In this case, if the repetition is configured and the UE sends the CG-SDT with 2 repetitions, the performance loss can be compensated. The corresponding distances towards time offsets are listed in Table 1. The gNB can at least afford the UE’s -210m ~ +420m distance change to the synchronous location with less than 1dB performance loss. If the affordable performance loss is 3dB or repetition is employed, the allowed distance change can be up to +630m. The listed distances are larger enough for small cells, e.g. the deployment with 500m inter-cell distance. 
[image: ]
Figure 4. Link-level simulation results of synchronous and asynchronous CG-SDT
Table 1. Simulated time offset and correspinding distance
	Time Offset
	Corresponding Distance

	-0.7 us
	-210 m

	+0.7 us
	+210 m

	+1.4 us
	+420 m

	+2.1 us
	+630 m



Observation 3: For the UEs with stable location, the TA can stay valid regardless of time duration. For UEs (e.g. IWSN in the factory) that camp on a small cell, the performance loss is not obvious even though the TA is not accurate due to UE motion.
Therefore, we propose to support “TA-free” as already supported in LTE with similar deployment scenarios like small cells. The network can configure infinite TAT value in CG-SDT configuration, or to take the implicit way like PUR that when the TAT IE is not configured, the TAT is not considered as the criterion of TA validation.
Noted that in TAG-Config which is used to configure parameters for a time-alignment group (TAG), the TimeAlignmentTimer can be configured for each TAG. The TAT value can be configured as ‘infinity’.
Proposal 4: Support network to configure infinite TAT value in CG-SDT configuration, or take the implicit way like PUR in LTE such that when the TAT IE is not configured, the TAT is not considered as the criterion of TA validation.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: UE in RRC_INACTIVE can move within the serving cell and maintain the valid TA if the distance between UE and gNB does not change much.
Observation 2: Considering the multi-beam operation in NR, the RSRP of the downlink pathloss reference is used to select SUL/NUL, 2-step/4-step RA type and Group A/B, while the SS-RSRP is used only for SSB selection.
Observation 3: For the UEs with stable location, the TA can stay valid regardless of time duration. For UEs (e.g. IWSN in the factory) that camp on a small cell, the performance loss is not obvious even though the TA is not accurate due to UE motion.
Proposal 1: The number of SSBs mapping to one CG configuration should be configurable. It is up to the network whether and how to configure all the SSBs mapping to CG resources in one or multiple CG configurations.  
Proposal 2: Specification should support network can explicitly configure the mapped SSBs and the mapping ratio of SSBs associated with CG periods per CG configuration.
Proposal 3: RAN1 confirm that the RSRP change of the downlink pathloss reference can be a suitable criterion for determining the validity of the uplink timing alignment for CG-SDT. The threshold can be explicitly configured to a UE transferring to RRC_INACTIVE.
Proposal 4: Support network to configure infinite TAT value in CG-SDT configuration, or take the implicit way like PUR in LTE such that when the TAT IE is not configured, the TAT is not considered as the criterion of TA validation.
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Appendix 1 – Related Agreements in RAN2
4. CG-SDT resource configuration is provided to UEs in RRC_Connected only within the RRCRelease message, i.e. no need to also include it in RRCReconfiguration message 
5. CG-PUSCH resources can be separately configured for NUL and SUL.  FFS if we allow them at the same time.  This depends on the alignments CRs for Rel-16. 
6. For CG-SDT the subsequent data transmission can use the CG resource or DG (i.e dynamic grant addressed to UE’s C-RNTI). Details on C-RNTI, can be the same as the previous C-RNTI or may be configured explicitly by the network can be discussed in stage 3
7. TAT-SDT is started upon receiving the TAT-SDT configuration from gNB, i.e. RRCrelease message, and can be (re)started upon reception of TA command. 
8. From RAN2 point of view, assume similar to PUR, that we introduce a TA validation mechanism for SDT based on RSRP change, i.e.  RSRP-based threshold(s) are configured.  Ask RAN1 to confirm.  FFS on how to handle CG configuration when TA expires or when TA is invalid due to RSRP threshold.  Details of the TA validation procedure can be further discussed.
9. UE releases CG-SDT resources when TAT expires in RRC_Inactive state

Appendix 2 
Link-level simulation parameters of asynchronous CG-SDT 
	Parameters
	Values

	Waveform
	CP-OFDM, Normal CP

	Subcarrier spacing
	30kHz at 2.1GHz

	Number of symbols per slot
	14

	DMRS
	double symbols

	TB Size
	100 Byte 

	MCS and code rate
	QPSK, CR=0.24

	Number of UEs
	1 as a starting point

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx

	Propagation channel & UE velocity
	TDL-A 30ns, 3km/h

	Timing offset
	-0.7 us, +0.7 us, +1.4 us, +2.1 us

	Receiver
	MMSE-IRC

	Channel estimation
	Least Square based Realistic for both channel estimation and TO/FO estimation.

	 Target BLER
	[10%, 1%] for CG-SDT PUSCH. 
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