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1. Introduction
RAN1 sent an LS to RAN4 on Beam correspondence with Small Data Transmission in Inactive State [1]:
1. Overall Description:
After receiving RAN2 LS on small data transmission in inactive state R1-2100025/R2-2010841 in RAN1#104 in January 2021 RAN1 has worked on the L1 aspects on small data transmission in inactive state.
In current NR specification the UE Tx beam determination for both msg1 and msg3 in RACH procedure (in all RRC states) are up to UE implementation. Meantime, RAN1 understanding is that RAN4 beam correspondence requirements currently apply to RRC_CONNECTED state only.
Given the above, RAN1 would like to ask RAN4 whether there is a need to define the beam correspondence requirements for Small Data Transmission (Configured Grant SDT and/or Random Access SDT) in RRC_INACTIVE state.


2. Actions:
To RAN4 group.
ACTION: 	RAN1 respectfully asks RAN4 to consider whether and how to define the beam correspondence requirements for Small Data Transmission in RRC_INACTIVE state.


In this contribution, we analyze the issue whether a beam correspondence (BC) requirement for small data transmission in RRC_INACTIVE state is needed.
2. Discussion
2.1 Configured Grant SDT
In our understanding, a UE does not need to transmit SRS or perform SSB/CSI measurement in RRC_INACTIVE state. When the UE needs to switch to RRC_CONNECTED state, it uses RACH procedure. This means in the case of multiple beam operation, the UE needs to decide its TX beam for the configured grant (CG). 
Based on the RAN1/2 discussion, it was agreed to establish QCL relationship between SSB and PUSCH for the multi-beam operation. The RAN1 agreement is copied below:
In RAN1#105-e
· 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

With the above RAN1 agreement, UE will decide its TX beam based on its measurements of SSBs. In addition, to validate TA for UL transmission, RAN1 has concluded that the SSB subset for RSRP based TA validation is determined at least based on a configured absolute RSRP threshold. This also means that UEs need to measure SSBs before PUSCH transmission. Hence comes the following observation: 
Observation 1: For Configured Grant SDT in RRC_INACTIVE, UEs need to measure SSBs to determine TX beam and TA validation before PUSCH transmission. Essentially, it requires the same beam correspondence capability from a UE as in RRC_CONNECTED. 

2.2 Random Access SDT
RAN2 has agreed that RA SDT is supported in both the 2-step RACH or 4-step RACH. More specifically, the uplink small data can be sent in MSGA of 2-step RACH or msg3 of 4-step RACH. As such, in the case of multiple beam operation, the existing procedure of determining UL TX beam for RACH based on SSB measurements can be reused.
Observation 2: For Random Access SDT, UEs can reuse existing procedure in determining TX beam for RACH. 
From sections 2.1 and 2.2, it can be seen that to support CG SDT or RA SDT in RRC_INACTIVE, no additional UE beam correspondence capability is required as compared to existing R15/16 UE capability in support of beam correspondence. Next, we discuss RAN4 aspects, including those that have been discussed in R16.

2.3 RAN4 consideration on beam correspondence
A UE in RRC_INACTIVE state, similar to the case of RRC_IDLE state, needs to go through RACH procedure in order to switch to RRC_CONNECTED state. In addition, RA SDT in essence is a RACH procedure that carries data besides CCCH message. In this regard, the previous RAN4 discussions on the BC requirements for initial access are relevant here. In the following, we summarize the main points below:
· While the current RAN5 BC requirements are applicable to and verified in RRC_CONNECTED state, it is used to verify UE BC capability. And it can be reasonably assumed that once UE has this BC capability, it uses it regardless of RRC states. Also, UE is expected to meet the RAN4 minimum peak EIRP requirement and spherical requirement for all UL physical channels including PUSCH and PRACH if justified in a specific scenario. Furthermore, RAN4 has introduced BC based on SSB only in R16, which clearly targets the cases where BC can only be achieved based on SSB. Note in the R16 SSB only BC requirements, the same SSB side condition as for R15 is used without any relaxation. In our understanding, SDT in RRC_INACTIVE is one of such cases.
· Even though UE has the same BC capability, it may have different implementation considerations in RRC_IDLE/RRC_INACTIVE as compared to RRC_CONNECTED, when it comes to the selection of rough beam or fine beam for UL transmission, e.g., depending on the required UL EIRP power or SNR, power consumption, the balance of DL measurements for beam management (L1 based) vs. mobility management (L3 based), etc. 
· Current tests for verifying BC requirements are carried out in RRC_CONNECTED state, which facilitates test set-up such as closed-loop power control and uplink scheduling. If the UE is not in RRC_CONNECTED state, designing a BC test would be much more complicated. For instance, testing BC in initial access would require tightened power control requirements; otherwise, the test would not be able to truly verify UE’s BC performance. Another factor to consider is how to accommodate the differing implementation considerations as mentioned above in the BC requirements and testing, which is certainly not straightforward and likely to be time-consuming. Considering a new test is essentially to test the same BC capability and the complexity of designing such a test, it does not seem worthwhile to do it.
· Finally, given that there was no consensus in R16 to introduce BC for initial access and the tight schedule in R17, especially RAN4 is still operating in the e-meeting regime for the foreseeable future, RAN4 should not reopen this discussion. 

Proposal 1: There is no need to define the beam correspondence requirements for Small Data Transmission (Configured Grant SDT and/or Random Access SDT) in RRC_INACTIVE state.
3. Conclusion
In this contribution, we discuss the issue whether a beam correspondence (BC) requirement for small data transmission in RRC_INACTIVE state is needed. Based on our analysis, we have the following proposal:
Proposal 1: There is no need to define the beam correspondence requirements for Small Data Transmission (Configured Grant SDT and/or Random Access SDT) in RRC_INACTIVE state.
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