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1. Introduction 
In case of NB-IoT/EPC, upon eNB receiving Msg 3 from NB-IoT UE, eNB can retrieve UE radio capabilities from MME (by using S1-AP UE Retrieve Information and S1-AP UE Information Transfer) before sending Msg 4 to UE. S-TMSI included in Msg3 is used by eNB to unambiguously identify the MME where the UE is registered with. 
In case of NB-IoT/5GC and eMTC/5GC, it should be allowed for ng-eNB to retrieve UE radio capabilities from AMF during RRC Connection Setup procedure. i.e upon receiving RRC Connection Setup request-NB/RRC Connection Setup Request from UE and before sending RRC Connection Setup-NB/RRC Connection Setup message to UE.

In this doc we will discuss about enhancements required to enable ng-eNB to retrieve UE radio capabilities from AMF after receiving Msg 3 from eMTC/5G UE.
2. Discussion 

2.1 Early retrieval of UE capability

When UE is using CP C-IoT EPS/5GS optimization, data is sent in Msg5 (i.e., RRCConnectionSetupComplete message carrying NAS PDU). Therefore, correct configuration of PDSCH/PUSCH for Msg4/Msg5 is important in terms of resource efficiency, latency and hence power saving.
When ng-eNB receives Msg3 from UE, it would not have the information of UE’s capability to provide the correct RRC configuration in Msg4. For example, 14 dBm power class UE elevates the PRACH CE level, network needs to know UE’s capability (powerClass-14dBm-r15) in order to efficiently use the UL and DL resources.
Early termination of PUSCH has been introduced in Rel-5 so that UE can save power by not transmitting unnecessary repetitions and network can reuse the remaining allocated PUSCH resource for other purpose. This benefit won’t be realized for Msg5 if network cannot retrieve the UE capability (i.e., ce-UL-HARQ-ACK-Feedback-r15) early and configure it (i.e., mpdcch-UL-HARQ-ACK-FeedbackConfig-r15) in Msg4. In addition, pucch-NumRepetitionCE-Msg4-Level3-r14 (e.g., new repetition numbers n64 and n128 for PUCCH) is configured as common configuration in system information for HARQ feedback of Msg4. But, network would not know UE has capability (i.e., ce-PUCCH-Enhancement-r14) to use it.
After Msg3, network may also want to know if the UE is non BL UE or Cat M2 UE, for example, to know supported maximum bandwidth and TBS size (e.g., ce-PUSCH-NB-MaxTBS-r14 and ce-PDSCH-PUSCH-MaxBandwidth-r14) specially when these UEs want to send a larger UL data using CP CIoT EPS/5GS optimization.

It is to note that network already supports the early retrieval of UE’s capability, inter-UE QoS parameters and subscription-based UE differentiation information before sending Msg4 for NB-IoT/EPC UE.

Observation 1. The ng-eNB may want to know UE’s radio capability before sending Msg4 to UE in order to efficiently utilize resources and for improved power efficiency. 
2.2 Enhancements for UE identity in Msg 3 for eMTC/5GC UEs 

In order to enable ng-eNB to retrieve UE radio capabilities from AMF soon after receiving Msg 3 from UE, ng-eNB has to identify AMF identity in given AMF region ID. i.e AMF Set ID (8 bits) + AMF Pointer (6 bits).

In case of eMTC connected to 5GC, due to limitation of Msg 3 size, UE is allowed to send only 40 bit UE identity. RRC Connection Setup Request includes ng-5G-S-TMSI-Part1 (The rightmost 40 bits of 5G-S-TMSI).  This corresponds to 8 bit AMF Pointer + 32 bit 5G TMSI. Msg 5 RRC Connection Complete Msg includes ng-5G-S-TMSI-Part2: leftmost 8 bits of 5G-S-TMSI.  By using current ng-5G-S-TMSI-Part1 in Msg3, it is not possible for ng-eNB to uniquely identify AMF within given AMF region id. ng-eNB can only determine AMF identity only after receiving Msg5 from UE, which includes ng-5G-S-TMSI-Part2-r15.
Observation 2. In case of eMTC connected to 5GC, UE includes ng-5G-S-TMSI-Part1 (rightmost 40 bits of 5G-S-TMSI) in Msg 3 and ng-5G-S-TMSI-Part2 (leftmost 8 bits of 5G-S-TMSI) in Msg 5.
Observation 3. In case of eMTC connected to 5GC, ng-eNB does not know AMF ID until receiving MSG5 from UE. 
In order to enable ng-eNB to retrieve eMTC UE radio capabilities from AMF, eMTC UE has to provide both UE identity and AMF identity in Msg3. But due to limited size of Msg3, it is not possible for UE to send 48 bit AMF Set ID + AMF Pointer + 5G-TMSI in Msg 3 itself. One possible solution for this issue to adopt solution similar to truncated 5G-S-TMSI used in Msg3 of NB-IoT/5GC RRC Re-establishment procedure.
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Fig 1 : Call Flow for early retrieval of UE radio capabilities from AMF
Format of truncated 5G-S-TMSI is shown below [1].

The Truncated 5G-S-TMSI is a 40 bit UE identifier constructed from the 5G-S-TMSI.
· <Truncated 5G-S-TMSI> := <Truncated AMF set ID><Truncated AMF Pointer><Truncated 5G-TMSI>.
· <Truncated AMF set ID> = :n LSBs of AMF Set ID, where n is no greater than 10 bits.

· <Truncated AMF Pointer> := m LSBs of AMF Pointer, where m is no greater than 6 bits.

· <Truncated 5G-TMSI> := (40-n-m) LSBs of 5G-TMSI. 

Proposal 1.   For eMTC connected to 5GC, adopt 40 bit truncated 5G-S-TMSI as UE Identity in RRC Connection Request Message.  
2.3 How UE gets n and m values to be used for truncated 5G-S-TMSI:

 In order for UE to determine whether to use ng-5G-S-TMSI-Part1: rightmost 40 bits of 5G-S-TMSI or ng-5G-S-TMSI-Part1: truncated 40 bit 5G-S-TMSI in Msg3, following 2 options are possible.

Option 1: AMF can provide values of “n and m” to UE as part of 5G NAS signalling procedure during registration/re-registration procedure. ng-eNB will get values of n and m directly from AMF.

When ng-eNB gets truncated 5G-S-TMSI from eMTC UE in RACH Msg 3 RRC Connection Request Msg,  and based on value of n and m received from AMF, ng-eNB will construct full AMF ID and will request AMF for early retrieval of UE capabilities.

ng-eNB can provide an indication in SIB1 whether UEs are allowed to use truncated 5G-S-TMSI as UE identity in RACH Msg 3 for Option 1 solution.

Option 2: ng-eNB will broadcast values of n and m in SIB1-BR. 

For Option 2 solution, if n and m values are broadcasted in SIBs, that will serve as implicit indication for UE to use truncated 40 bit 5G-S-TMSI in RACH Msg 3.

Without this indication if eMTC UE uses truncated 5G-S-TMSI as UE identity in RACH Msg 3, ng-eNB does not know whether UE is sending truncated 40 bit 5G-S-TMSI or not.

These solutions discussion require involvement of SA2, CT1 and RAN3 and need to send an LS.

Thus, we have following proposals:
Proposal 2.   RAN2 to discuss about whether “m and n” values for truncated 5G-S-TMSI are provided to UEs in 5G NAS layer or SIB1. 

Proposal 3.   If NAS based solution is used, introduce an indicator in SIB1 to indicate whether eMTC UEs connected to 5GC are allowed to use truncated 5G-S-TMSI as UE identity in Msg3.

Proposal 4.   For SIB1 based solution, values of “m and n” will be used as implicit indicators for eMTC/5GC UEs to use truncated 5G-S-TMSI as UE identity in Msg3.

Proposal 5.   If truncated 40 bit 5G-S-TMSI is used in Msg 3 for eMTC UE connected to 5GC, there is no need for including ng-5G-S-TMSI-Part2 in Msg 5.
Proposal 6.  Send LS to SA2, RAN3 and CT1 

In case of NB-IoT/5GC, RRC Connection Request-NB message includes 48 bit full NG-5G-S-TMSI. Hence, there is no issue for ng-eNB to identify AMF for early retrieval of UE radio capabilities after Msg3.
3. Conclusion

In this contribution, we discussed various proposals about how to enable ng-eNB to retrive UE radio capabilities from AMF as soon as Msg3 is received during RACH procedure.
Observation 1.
The ng-eNB may want to know UE’s radio capability before sending Msg4 to UE in order to efficiently utilize  resources and for improved power efficiency.
Observation 2.
In case of eMTC connected to 5GC, UE includes ng-5G-S-TMSI-Part1 (rightmost 40 bits of 5G-S-TMSI) in Msg 3 and ng-5G-S-TMSI-Part2 (leftmost 8 bits of 5G-S-TMSI) in Msg 5.
Observation 3.
In case of eMTC connected to 5GC, ng-eNB does not know AMF ID until receiving MSG5 from UE.


Proposal 1.
For eMTC connected to 5GC, adopt 40 bit truncated 5G-S-TMSI as UE Identity in RRC Connection Request Message.
Proposal 2.
RAN2 to discuss about whether “m and n” values for truncated 5G-S-TMSI are provided to UEs in 5G NAS layer or SIB1.
Proposal 3.
If NAS based solution is used, introduce an indicator in SIB1 to indicate whether eMTC UEs connected to 5GC  are allowed to use truncated 5G-S-TMSI as UE identity in Msg3.
Proposal 4.
For SIB1 based solution, values of “m and n” will be used as implicit indicators for eMTC/5GC UEs to use truncated 5G-S-TMSI as UE identity in Msg3.
Proposal 5.
If truncated 40 bit 5G-S-TMSI is used in Msg 3 for eMTC UE connected to 5GC, there is no need for including ng-5G-S-TMSI-Part2 in Msg 5.
Proposal 6.
Send LS to SA2, RAN3 and CT1
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