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[bookmark: _Ref129681832]NR Small Data Enhancements WI [1] for the UEs in RRC_INACTIVE with infrequent data transmission has been started by RAN2 to avoid UE’s unnecessary power consumption and signaling overhead. In RAN1#104-e and RAN1#104-bis-e, several RAN1 issues of the RA and CG based SDT have been discussed, and some remained issues should be further discussed in this meeting [2-3], which is highlighted in yellow as following.
Conclusion:
· It is RAN1’s common understanding that the CG configuration mechanism in licensed band can be reused for CG-SDT in principle.
Agreement:
· CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling.
· FFS how to define an SSB-to-PUSCH resource mapping within the CG configuration.
· FFS specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping, if any.
Part of Reply LS on uplink TA (R1-2104012):
The RSRP in the criterion is a linear averaged RSRP of a subset of SSBs. The suitable mechanism for determining this subset of SSBs is still to be discussed further in RAN1. Candidates under study include e.g., determination based on an absolute RSRP threshold, or based on the SSB subset in configuration, etc. RAN1 will inform RAN2 if further progress is achieved in future.

In this contribution, we further discuss the SSB-to-CG resource mapping rules and the TA validation issue remained in RAN1#104-bis-e.
On SSB-to-CG resource mapping 
The association between CG resource(s) and SSB(s) is required for CG- SDT considering the multi-beam operation. In RAN1#104-bis-e discussion, it is agreed that CG resources per CG configuration are associated with a set of SSB(s), which means the network explicitly configures one or several SSBs associated to each CG configuration. In this case, the SSB-to-PUSCH resource mapping within the CG configuration is further discussed in this section. 
The motivation of the SSB-to-CG resource association is to let gNB know the UE’s channel information to implement the better receive filter for PUSCH performance and better transmit filter for DL feedback performance (PDCCH/PDSCH). Since the beam of SSB (narrow or wide) and transmit/receive filter are all implemented by gNB, the specification should give enough flexibility to the gNB whether the different SSBs in the subset are mapped to the same or different CG resource, and if different, let gNB configure the number of SSBs mapped to one CG resource. 

For the case that only one SSB is configured to be mapped for a CG configuration, there is no need to discuss how to map SSB-to-PUSCH resource within the CG configuration, since all the resources should be mapped to this SSB. The applicable scenario may be for fixed users which do not have mobility thus the channel information is relatively stable. So we mainly discuss how multiple SSBs are mapped within one CG configuration. 
1) DMRS mapping within the CG configuration
First, the mapped resource within the CG configuration should be decided. The CG resources in R15/16 CG configuration which is proposed by companies to be mapped to SSB(s) include 
· DMRS: Different DMRSs configuration can be mapped to different SSB(s).[4-5] 
· CG period: different CG periods can be mapped to different SSB(s) [6-8]
· Repetition occasions: 1~8 repetitions within one CG period in existing configuration. Different repetition occasions can be mapped to different SSB(s).[9]
For the DMRS resource, multiple DMRS can be used for SSB separation with one or multiple SSBs mapped to each DMRS. This is more suitable for the case that the number of SSBs in the subset is large and low latency/less power consumption is required. For example, if 4 SSBs are associated to one CG configuration and one DMRS-to-one SSB mapping is assumed, if only 1 DMRS is configured with the CG configuration, then 4 CG periods are needed for mapping all the 4 SSBs totally. However, if 4 DMRS are configured, there are available CG resources in each CG period for each of the 4 SSBs, enabling less latency to send CG-SDT after UE selection of a suitable resource.  Another solution to implement multiple DMRS in one CG period is for gNB to configure multiple CG configurations with same CG Period and PUSCH configuration, but with different DMRS configurations. This solution may introduce much signaling overhead and the configuration is restricted to the allowed number of maximum CG configurations (12 in existing specification). Multiple CG configurations were originally introduced considering different services/use cases/TBS. Increasing the DMRS configurations within on CG configuration is much more efficient for SDT scenario than increasing the number of CG configurations with only difference on DMRS among each of them, especially considering the services/applications and typical packet sizes for SDT do not vary much.
Proposal 1: Multiple DMRSs per CG configuration is supported for CG-SDT.
Repetition is important to guarantee the reliability of transmissions/receptions in RRC_INACTIVE. It also has little specification impact if all the repetition occasions in one CG period are bundled to be mapped to the same SSB(s). During the discussion of last meeting [3], the majortity of companies propose to resue the repetition machanism of R15/16 CG configuration into CG-SDT with almost no specification impact. For the consideration of mapping different repetition resources to different SSB(s), the performance and reliability of CG-SDT cannot be guaranteed any longer, since the available repetition occasions associated to each SSB is decreased. Further, there may require more specification work discussion on how to assoicate the different RVs within each repetition bundle to different SSBs also considering the flexible starting and/or dropping in case of last repetition mechnaism. If URLLC type of requirements is not pursued for SDT, such advanced operation can be deprioritized for SDT within this release.
Proposal 2: Confirm the repetition mechanism in CG configuration in licensed band is reused for CG-SDT. Do not support different repetitions within one CG period mapped to different SSBs in Rel-17.

2) Mapping rule within the CG configuration
For mapping multiple DMRSs, the PUSCHs in CG periods plus DMRSs are similar to the PRU concept in 2-step RACH MsgA. R16 specification has defined the (preamble+RO)-to-PRU mapping rule for MsgA as follow, while the rule can be simply reused here for SSB-to-CG resource mapping, with the main difference of only one FDMed PUSCH occasion in CG configuration.
TS 38.213, Section 8.1A 
Each consecutive number of  preamble indexes from valid PRACH occasions in a PRACH slot
-	first, in increasing order of preamble indexes within a single PRACH occasion
-	second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
are mapped to a valid PUSCH occasion and the associated DMRS resource
-	first, in increasing order of frequency resource indexes  for frequency multiplexed PUSCH occasions
-	second, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index  is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index [4, TS 38.211]
-	third, in increasing order of time resource indexes  for time multiplexed PUSCH occasions within a PUSCH slot
-	fourth, in increasing order of indexes for  PUSCH slots
where ,  is a total number of valid PRACH occasions per association pattern period multiplied by the number of preambles per valid PRACH occasion provided by rach-ConfigCommonTwoStepRA, and  is a total number of valid PUSCH occasions per PUSCH configuration per association pattern period multiplied by the number of DMRS resource indexes per valid PUSCH occasion provided by msgA-DMRS-Config.

Below we illustrate how the existing framework can be based to accommodate SDT transmission from both RRC signalling and physical layer mapping aspects, in order to provide a whole picture on the potential specification work required for the completion of the proposed operation.
The corresponding parameters of (preamble+RO)-to-PRU mapping in MsgA, and SSB-to-CG resource mapping in CG-SDT can be summarized in Table 1. 
Table 1. Parameters comparison between the two mappings
	For Preambles+ROs mapped to PRUs in MsgA
	For SSBs mapped to CG resources in one CG configuration 

	= RO# * preambles#
	Mapped number of SSBs, denoted as e.g. 

	number of DMRSs,
	Number of DMRSs, denoted as e.g. also

	Number of PUSCH occasions within one association pattern period (PUSCH occasions #)
	Association Period (in number of CG periods) for mapping all the SSBs, e.g.

	
Where (PUSCH occasions #) ∗ 
	Number of SSBs per DMRS and CG period, e.g. 



Similar to the relationship of these parameters in MsgA, the 4 parameters for CG resource mapping as given in Table 1 have the relationship as shown in Equation (1). And the SSB-to-CG resource mapping rule can be described as follow according to the preamble-to-PRU mapping rules in TS 38.213.
=                                 (1)
SSB-to-CG resource mapping rule 
Each consecutive number of  SSB indexes associated to one CG configuration
are mapped to PUSCH occasions in a valid CG period and the associated DMRS resource
-	first, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index  is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index
-	second, in increasing order of CG period indexes
where ,  is a total number of SSBs mapped to this CG configuration provided by ConfiguredGrantConfig, and  is a total number of valid CG periods per association period  multiplied by the number of DMRS resource indexes  provided by cg-DMRS-Config.

Among the four parameters in Table 1, the number of mapped SSBs  is already agreed to be explicitly configured per CG configuration. Also, the number of DMRSs  is naturally explicitly configured per CG configuration if multiple DMRS is supported. In this case, the additional RRC signalling work is to enable that network can configure either the  or the , then the UE can calculate the other one according to Equation (1).
3) Examples
Two examples of SSBs mapped to multiple DMRSs and CG periods within one CG configuration are given in Figure 1. For Example 1, the mapped SSB0~1 and 2 DMRS are configured to one CG configuration. The network can configure another parameter, either the  or   associated to this CG configuration. The mapping pattern for each CG period is the same, and each CG period and the associated DMRS resource is mapped to 1 SSB. For Example 2, the mapped SSB0~11 and 2 DMRS are configured to one CG configuration. Either the  or   can be configured. Then the association period is 3 CG periods, and each CG period and the associated DMRS resource is mapped to 2 SSBs.
[image: ]
Figure 1. Examples of SSBs mapped to multiple DMRSs and CG periods within one CG configuration
In general, to reuse the preamble-to-PRU mapping rule in MsgA for SSB-to-CG resource mapping does not bring much specification work on both RAN1 and RAN2. Besides the agreed number of SSBs, and the number of DMRSs, only one parameter has to be configured per CG configuration, i.e. either the association period or the number of SSBs per DMRS and CG period. So we have
Proposal 3: For the SSBs mapped to multiple DMRSs and CG periods within one CG configuration, reuse the preamble-to-PRU mapping rule in 2-step RACH MsgA. Either the association period or the number of SSBs per DMRS and CG period is explicitly configured per CG configuration.

On TA validation for CG-SDT 
In last meeting, it is RAN1’s common understanding that the RSRP in the TA validation criterion is a linear averaged RSRP of a subset of SSBs. In this section, we further discuss the suitable mechanism for determining the subset of SSBs. 
According to the specification TS38.331, to measure the RSRP of downlink pathloss reference, network can configure two parameters nrofSS-BlocksToAverage and absThreshSS-BlocksConsolidation. The UE only take the SSBs whose measurement quantity value are over the absThreshSS-BlocksConsolidation into consideration for RSRP calculation, while the number of considered SSBs is no larger than nrofSS-BlocksToAverage. The considered SSBs form the ‘subsets’ of SSBs for cell quality measurement. For more detail, UE measurement behavior based on these two parameters is specified in TS 38.331 as follow.
 TS 38.331 Section 5.5.3
The UE shall:
1>	for each cell measurement quantity to be derived based on SS/PBCH block:
2>	if nrofSS-BlocksToAverage is not configured in the associated measObject in RRC_CONNECTED or in the associated entry in measIdleCarrierListNR within VarMeasIdleConfig in RRC_IDLE/RRC_INACTIVE; or
2>	if absThreshSS-BlocksConsolidation is not configured in the associated measObject in RRC_CONNECTED or in the associated entry in measIdleCarrierListNR within VarMeasIdleConfig in RRC_IDLE/RRC_INACTIVE; or
2>	if the highest beam measurement quantity value is below or equal to absThreshSS-BlocksConsolidation:
3>	derive each cell measurement quantity based on SS/PBCH block as the highest beam measurement quantity value, where each beam measurement quantity is described in TS 38.215 [9];
2>	else:
3>	derive each cell measurement quantity based on SS/PBCH block as the linear power scale average of the highest beam measurement quantity values above absThreshSS-BlocksConsolidation where the total number of averaged beams shall not exceed nrofSS-BlocksToAverage;
2>	if in RRC_CONNECTED, apply layer 3 cell filtering as described in 5.5.3.2

As can be seen, the UE behavior for cell measurement quantity is generally different according to the highest beam measurement quantity value vs. absThreshSS-BlocksConsolidation, as yellow highlighted above, since the beams lower than the configured RSRP threshold are not suitable for signal transmission so that UE does not need to take them into account. 
On the other hand, since the key parameter for TA validation is the RSRP change instead of one RSRP, the two measurements should be provided/measured/performed in a same way for a UE to calculate the relative RSRP change, thus, absThreshSS-BlocksConsolidation that can differentiate UE behavior for measurements is not needed for RSRP change calculation. In other words, only the parameter nrofSS-BlocksToAverage is sufficient. 
Proposal 4: The RSRP is derived as the linear power scale average of the subset of SSBs with the highest N beam measurement quantity values among the whole SSBs, where N shall not exceed nrofSS-BlocksToAverage.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Multiple DMRSs per CG configuration is supported for CG-SDT.
Proposal 2: Confirm the repetition mechanism in CG configuration in licensed band is reused for CG-SDT. Do not support different repetitions within one CG period mapped to different SSBs in Rel-17.
Proposal 3: For the SSBs mapped to multiple DMRSs and CG periods within one CG configuration, reuse the preamble-to-PRU mapping rule in 2-step RACH MsgA. Either the association period or the number of SSBs per DMRS and CG period is explicitly configured per CG configuration.
Proposal 4: The RSRP is derived as the linear power scale average of the subset of SSBs with the highest N beam measurement quantity values among the whole SSBs, where N shall not exceed nrofSS-BlocksToAverage.
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