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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[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. Until RAN1#105-e, several remaining RAN1 issues as well as the new issues from RAN2 about the RA and CG based SDT shall be discussed in this meeting [2-3], which is highlighted in yellow as following.
Agreement:
· The SSB-to-PUSCH resource mapping within the CG configuration is implicitly defined.
· The ordering of the SSB and CG PUSCH resources are to be captured in RAN1 spec.
· A PUSCH resource refers to a transmission occasion and a DMRS resource used for PUSCH transmission
· The ordering of the SSB can reuse from the SSB-to-RO mapping
· The ordering of CG PUSCH resources can reuse from that of MsgA PUSCH as much as possible
· FFS determination of mapping ratio and association period, e.g., explicitly signaled or implicitly derived
· FFS any limitation on the combination of the parameters for CG resources
· The SSB subset for RSRP based TA validation is determined at least based on a configured absolute RSRP threshold.
· FFS the SSB subset which could be
· within a set of SSBs configured per CG configuration
· or within a set of SSBs configured for all CG configurations
· or within a set of all SSBs actually transmitted as indicated in SIB1.
· or highest N SSBs that are measured to derive the subset for a UE across all CG configurations
Part of LS from RAN2#114-e (R2-2106561):
Agreement:
For RA-SDT
2. CFRA is not supported for RA-SDT
For CG-SDT
3. Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
4. CG-SDT resource can be configured on either initial BWP or separate SDT BWP. Ask RAN1 to confirm
5. RAN2 thinks that some feedback may be beneficial in case CG is used for subsequent transmission.  RAN2 assumes that existing mechanism can be used.
For RA-SDT (for both 2-step RA and 4-step RA), in particular, RAN2 would like to request RAN1 to provide configuration parameters for the PRACH resource configuration when PRACH occasions are shared between SDT and non-SDT and when PRACH occasions are separately configured for SDT and non-SDT. 
For CG-SDT, RAN2 respectfully requests RAN1 if the agreements 3/4 mentioned above can be confirmed and provides feedback on whether there is any issue with the assumption of reusing the existing L1 mechanism for agreement 5.

In this contribution, we further discuss the remaining issues on SSB-to-CG resource mapping rules and the SSB subset for TA validation, and discuss the new issues about both CG and RA based SDT.
On CG-SDT
Remaining issues on SSB-to-CG resource mapping
It is agreed in last RAN1 meeting that the SSB-to-PUSCH resource mapping within the CG configuration is implicitly defined, and the ordering of the SSB and CG PUSCH resources are confirmed, in which the PUSCH resource refers to a transmission occasion and a DMRS resource used for PUSCH transmission similar to the PRU in MsgA. Towards the agreements, there are still some details to be confirmed before the complete ordering and mapping rules can be achieved:
a) Support multiple DMRSs for each CG configuration. 
As we discussed in the last meetings [4], multiple DMRSs per CG configuration are more suitable to support multiple SSBs mapping and enable less latency to send CG-SDT after UE selection of a suitable SSB. Since multiple DMRSs have been already supported in PUSCH of MsgA, and the ordering principle of CG PUSCH resources including DMRS is agreed in last meeting, there is no technical difficulty to also implement multiple DMRS from both the gNB complexity and specification impact view. The benefit that can be obtained from support of multiple DMRSs is inline with the motivation of small data transmission to save UE power.
Proposal 1: The multiple DMRSs per CG configuration is supported for CG-SDT.
b) The PUSCH repetition occasions within one CG period is considered as a bundle when mapping to SSB(s). 
Repetition is the key feature of CG in RRC_CONNECTED for high reliability, thus also important to guarantee the reliability of CG-SDT transmissions/receptions in RRC_INACTIVE. There is mature specification design of the PUSCH repetition in CG configuration, so it has little specification impact if all the repetition occasions in one CG period are bundled as a CG PUSCH transmission occasion and mapped to the same SSB(s). For the consideration of mapping different repetition resources to different SSB(s), the performance and reliability of CG-SDT cannot be guaranteed any longer, due to the decreased available repetition occasions associated to each SSB. Further, it may require more specification work on different repetition occasions assicated to different SSBs, e.g. how to assoicate the different RVs within each repetition bundle to different SSBs.
Proposal 2: 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.
c) SSB-to-CG resource ordering and mapping rules.
Based on the two proposals above, the SSB-to-CG resource mapping rules within one CG configuration can be considered in detail, i.e. the ordering of SSBs and CG resources, as well as how to map them. 
For the definition of CG resource, it was agreed that a CG PUSCH resource refers to a transmission occasion and a DMRS resource used for PUSCH transmission. If the repetition occasions within one CG period are bundled, the time duration of transmission occasion can be considered as one CG period. So for easy understanding, in this contribution, one CG resource or one CG PUSCH resource is considered as one CG period + one DMRS. 
It was also agreed that the ordering of the SSB can reuse from the SSB-to-RO mapping, which means the  SSBs in the SSB set associated to one CG configuration is in increasing order of SSB indexes, while the number of SSB indexes associated with one CG resource  is configured explicitly. It was also agreed the ordering of CG PUSCH resources can reuse from that of MsgA PUSCH as much as possible, which means the “first DMRS then time resource ordering” rule should be reused, without considering the frequency multiplexed PUSCH in CG-SDT as agreed. 
After confirming the SSB and CG resource ordering, the question is how many SSBs are mapped to one CG resource. In SSB-to-RO mapping, a UE is provided a number N of SSB indexes associated with one RO by ssb-perRACH-OccasionAndCB-PreamblesPerSSB [5]. If  <1, one SSB index is mapped to 1⁄N consecutive valid ROs. If , one valid RO is associated with all the N SSB index. Similarly, a UE can be provided a number  (can be <1 or  similar to ) of SSB indexes associated with one CG resource (i.e. the mapping ratio) per CG configuration. Based on the discussion above and our analysis in last contribution [4], we can conclude the mapping rules and have the proposals as following.
Proposal 3: Each  of consecutive SSB indexes associated to one CG configuration
-	in increasing order of SSB indexes
are mapped to PUSCH occasion in 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.

Remaining issues on SSB subset for TA validation
The SSB subset for RSRP based TA validation is agreed to be determined at least based on a configured absolute RSRP threshold, and the SSB subset which could be
Option 1:	 within a set of SSBs configured per CG configuration
Option 2:	 or within a set of SSBs configured for all CG configurations
Option 3:	 or within a set of all SSBs actually transmitted as indicated in SIB1
Option 4: or highest N SSBs that are measured to derive the subset for a UE across all CG configurations
The SSB subset is used to calculate a reference RSRP by averaging each SSB’s RSRP in the subset. The TA is invalid when the difference of two reference RSRPs measured in different time is larger than a configured threshold. Since the TA validation is highly correlated to the distance between UE and gNB while decoupled to the CG configuration, the SSBs in the subset should indicate this distance and do not relate to the CG configurations. For example, UE can keep valid TA even though there is no usable CG resources, i.e. no CG resources associated to the SSBs whose RSRP is larger than a configured threshold (which is used for SSB selection and not the threshold used for TA validation mentioned above). So the Option 1 and Option 2 should be excluded first. 
Observation 1: The TA validation is highly correlated to the distance between UE and gNB, and is decoupled to the CG configuration. The SSBs in the subset should indicate this distance and do not relate to the CG configurations.
Option 3 is naturally reasonable since the SSBs which are not actually transmitted should not be measured and used for reference RSRP calculation, this option can be superposed with Option 4. The Option 4 matches the UE measurement behavior well in TS 38.331 as we discussed in last contribution [4], that UE derives each cell measurement quantity based on SSB 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. So we have 
Proposal 4: The SSB subset for RSRP based TA validation should be included in the SSBs actually transmitted as indicated in SIB1, and is the highest N SSBs that are measured by a UE to derive the subset.
 
Layer-1 feedback of CG-SDT
Towards the feedback on CG-SDT, RAN2 thinks that some feedback may be beneficial in case CG is used for subsequent transmission, and assumes that existing mechanism can be used. For the subsequent CG-SDT, the ACK/NACK of initial CG-SDT should be known by UE, and the Layer-1 feedback (DCI) is a more feasible and efficient way than higher layer feedback, as the higher layer feedback is within the PDSCH which is also scheduled by a UE-specific DCI.
During R15/16, CG downlink feedback information (CG-DFI) with DCI format 0_1 and CRC scrambled by CS-RNTI has been specified for indicating ACK/NACK of CG transmission. Although the DFI is designed for NR-U and includes the type 2 CG indication which are different to CG-SDT, some valuable fields and methodologies can be still reused, e.g. the fields of HARQ-ACK indication and TPC command. Also, the TA maintenance in RRC_INACTIVE state is also important due to its tight relationship with the validation of CG-SDT resources, which can be adjusted by the network through the initial CG-SDT. The TA adjustment through PUSCH transmission has been realized in LTE PUR. For NR UEs in RRC_CONNECTED, the TA adjustment towards is indicated by MAC CE, which is not a convenient and power saving method for UEs in RRC_INACTICE since the MAC CE has to be carried on the PDSCH. Therefore, the TA adjustment indication through DCI which is specified in LTE PUR can be reused in CG-SDT.
TS 38.212
If DCI format 0_1 is used for indicating CG-DFI, all the remaining fields are set as follows:  
-	HARQ-ACK bitmap – 16 bits , where the order of the bitmap to HARQ process index mapping is such that HARQ process indices are mapped in ascending order from MSB to LSB of the bitmap. For each bit of the bitmap, value 1 indicates ACK, and value 0 indicates NACK. 
-	TPC command for scheduled PUSCH – 2 bits as defined in Clause 7.1.1 of [5, TS38.213]
-	All the remaining bits in format 0_1 are set to zero.

TS 36.212
If format 6-0A CRC is scrambled by PUR C-RNTI and Resource block assignment is set to all ones, the remaining fields are set as follows:
-	ACK or Fallback indicator – 1 bit, where value 0 indicates ACK and value 1 indicates fallback as defined in clause 9.1.5.3 of [3]
-	PUSCH repetition adjustment – 2 bits as defined in clause 8.0 of [3]
-	Timing advance adjustment – 6 bits as defined in clause 4.2.3 of [3]. The field is only present if ACK or Fallback indicator is set to 0.
-	All the remaining bits in format 6-0A are set to zero

Based on the discussion above, some fields of L1-feedback for CG-SDT can be set as follows: 
· HARQ-ACK bitmap – X bits , where the order of the bitmap to HARQ process index mapping is such that HARQ process indices are mapped in ascending order from MSB to LSB of the bitmap. For each bit of the bitmap, value 1 indicates ACK, and value 0 indicates NACK. The X equals to the number of HARQ processes configured to the UE for CG-SDT.
· TPC command for subsequent CG-SDT PUSCH – 2 bits, same as that in CG-DFI 
· Timing advance adjustment for subsequent CG-SDT – 6 bits, same as that in LTE PUR
Proposal 5: RAN1 confirms to reuse relevant existing L1 feedback mechanism in LTE PUR and NR R15/16 CG specification, including HARQ-ACK indication, TPC command and TA adjustment for subsequent CG-SDT.
    
SearchSpace and BWP for CG-SDT
In the LS [2], RAN2 also wants RAN1 to confirm the issues about UE-specific search space and UL BWP for CG-SDT. 
	For CG-SDT
Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
CG-SDT resource can be configured on either initial BWP or separate SDT BWP. Ask RAN1 to confirm



The SearchSpace is used for UE monitoring the L1 feedback of CG-SDT, and receiving the scheduling of PDSCH carrying MAC/RRC information, and/or subsequent downlink small data. Since the CG configurations are configured per UE when UE transforms the state from RRC_CONNECTED to RRC_INACTIVE, it is no obstacle to configure UE-specific search space together with CG configurations. On the other hand, the common search space are used for the UEs in both RRC_CONNECTED and RRC_INACTICE, if the number of UEs using the CSS is large in some cases, the RNTI space may not be enough. Using the USS can ease the congestion of CSS when number of UEs in the cell is large, while do not affect other UE’s receiving of CSS.
Proposal 6: RAN1 confirms the UE-specific search space is configured for UEs performing CG-SDT.
Towards the UL BWP used for CG-SDT, it should be clarified first that the CG resources shall not be configured on both initial and separate SDT BWP according to the description in LS, so just considering one of them. Configuring CG resources on initial UL BWP can be the baseline, then whether the CG resources can be configured on a separate UL BWP should be discussed. 
The main benefit of separate UL BWP is, the network can offload the traffic of initial UL BWP, while the main effect of separate UL BWP is its frequency relationship with initial DL BWP, as the initial DL BWP defaults to be the only active BWP to receive the paging, etc. for RRC_INACTIVE UEs. There may be no enough time gap between DL PDCCH/PDSCH/SSB receiving and UL initial CG/subsequent dynamic scheduled transmitting. 
For the UEs in FDD bands, since the UL frequency range is naturally different to DL carrier, there is no obvious impact to configure a separate UL BWP different to initial UL BWP.
For the UEs in TDD bands, the center frequency of initial UL BWP and DL BWP should be the same, but the separate BWP may not have this limit. Under this assumption, the only issue is whether the UE’s UL/DL RF chains are coupled if UE’s bandwidth capability is not large enough. As an example illustrated in Figure 1, the non-RedCap UE’s bandwidth capability (e.g. 100 MHz) can cover the whole DL/UL carrier (e.g. 100MHz), so the separate BWP can be configured at any frequency range as long as it is within the UL carrier. However, when the separate UL BWP is configured at a different frequency range from initial DL BWP as Figure 1 shows, the RedCap UE with 20 MHz capability may suffer frequent RF switching/retuning if the UE’s UL/DL RF chains are coupled, which also means the gap time between DL receiving and UL transmitting should be specified. If the RedCap UE has the ability to decouple the UL/DL RF chains, RF switching/retuning can be avoided. Therefore, the separate UL BWP can be configured according to UE’s capability.
[image: ]
Figure 1. Separate UL BWP for CG-SDT on TDD bands
Proposal 7: CG-SDT resource can be configured on either separate UL BWP in FDD bands or initial UL BWP in TDD/FDD bands. In addition, the network can configure CG-SDT resource on separate UL BWP in TDD band according to UE’s bandwidth and RF capability report.

1. On RA-SDT 
For both 2-step RA and 4-step RA-SDT, RAN1 is requested to provide configuration parameters for the PRACH resource configuration when PRACH occasions are shared between SDT and non-SDT and when PRACH occasions are separately configured for SDT and non-SDT.
[bookmark: _GoBack]This issue can refer to the shared/separate RO between 4-step non-SDT and 2-step non-SDT specified in R16. The RO for 4-step RA defaults and mandates to be configured. And the separate RO for 2-step RA is configured when at least one of the parameters related to time/frequency resource of RO is configured, which includes msgA-PRACH-ConfigurationIndex, msgA-RO-FDM, and msgA-RO-FrequencyStart, otherwise the RO is shared between 2-step and 4-step RA. Whether the same methodology is reused for separate or shared RO for SDT/non-SDT can be FFS, since after this LS was sent out, RAN2 decided that the RACH partitioning issue will be jointly discussed in RAN2 among topics of SDT, RedCap, Coverage Enhancement, and RAN slicing, etc., since the coming RAN2#115-e. RAN1 can further study this issue after more information available from RAN2.
Proposal 8: FFS the parameters for the PRACH resource configuration when PRACH occasions are shared or separated between SDT and non-SDT.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The multiple DMRSs per CG configuration is supported for CG-SDT.
Proposal 2: 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.
Proposal 3: Each  of consecutive SSB indexes associated to one CG configuration
-	in increasing order of SSB indexes
are mapped to PUSCH occasion in 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.
Observation 1: The TA validation is highly correlated to the distance between UE and gNB, and is decoupled to the CG configuration. The SSBs in the subset should indicate this distance and do not relate to the CG configurations.
Proposal 4: The SSB subset for RSRP based TA validation should be included in the SSBs actually transmitted as indicated in SIB1, and is the highest N SSBs that are measured by a UE to derive the subset.
Proposal 5: RAN1 confirms to reuse relevant existing L1 feedback mechanism in LTE PUR and NR R15/16 CG specification, including HARQ-ACK indication, TPC command and TA adjustment for subsequent CG-SDT.
Proposal 6: RAN1 confirms the UE-specific search space is configured for UEs performing CG-SDT.
Proposal 7: CG-SDT resource can be configured on either separate UL BWP in FDD bands or initial UL BWP in TDD/FDD bands. In addition, the network can configure CG-SDT resource on separate UL BWP in TDD band according to UE’s bandwidth and RF capability report.
Proposal 8: FFS the parameters for the PRACH resource configuration when PRACH occasions are shared or separated between SDT and non-SDT.
References
RP-210870, Updated Work Item on NR small data transmissions in INACTIVE state.
R1-2106335, LS on the physical layer aspects of small data transmission.
R2-2106561, Reply LS to RAN1 on physical layer aspects of small data transmission.
R1-2104282, Physical layer aspects of CG-SDT.
3GPP TS 38.213, Physical layer procedures for control.

image1.png
DL/UL carrier
(e.2. 100MHz)

TDD bands

DL slot

Initial DL
BW

UL slot

Non-RedCap UE’s Bandwidth,
Capability (e.g. 100MHz) |

RedCap UE’s Bandwidth |}
Capability (e.g. 20 MHz) i





