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1. Introduction 
Early UE capability retrieval for eMTC has been discussed in RAN2 and summary RAN2 agreements as follows:

RAN2#109bis-e agreements. 

Agreements:

- Introduce enhancements for early eMTC UE capability retrieval (i.e., after Msg3 reception) by (ng-) eNB from AMF/MME if feasibility is confirmed.
- Send a LS to SA2, RAN3 CC: CT1, SA3 to inform the agreement above, describe the motivation, and ask for feasibility.
During RAN2#110e meeting, RAN2 received following reply LS from SA2 [7].

RAN2 respectfully asks SA2, CT1 and RAN3 

To consider feasibility of introducing enhancements to enable the (ng-)eNB for early UE capability retrieval for eMTC UEs connected to EPC and 5GC in Rel-16, and if confirmed feasible, specify the required changes based on truncated 5G-S-TMSI solution in their specifications.

SA2 has not identified any technical issues to support early UE capability retrieval for eMTC UEs for EPS from system architecture perspective.

For 5GS, SA2 has the following concerns:

Concerns to enable use of truncated 5G-S-TMSI for all UEs accessing ng-eNBs connected to 5GC as this would reduce the available AMF Set ID number space, AMF Pointer number space and TMSI number space (due to truncation) for all UEs.

Concerns about truncated 5G-S-TMSIs being used, with no additional checks, to retrieve the UE capabilities for all UEs and the high levels of coordination required between operators in RAN sharing cases for eMTC UEs using CP optimisations.

Concerns about introducing to EPS capabilities that are not supported by 5GS, or no clear path exists for its addition to 5GS. 

SA2 has not been able to agree on the feasibility of introducing UE capability retrieval for eMTC UEs.

During RAN2#110e meeting, there was some online discussion and companies raised some concerns about SA2 reply LS. In this document, we will discuss about how to address SA2 concerns and RAN2 enhancements required to enable ng-eNB to retrieve eMTC UE radio capabilities from AMF after receiving Msg 3 but before transmission of Msg4 for eMTC/5GC UEs.
2. Discussion 

2.1 Motivation for early retrieval of eMTC 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 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 requires higher PRACH CE level to improve coverage for lower UE transmit power, network needs to know UE’s capability (powerClass-14dBm-r15) in order to efficiently determine how to allocate the UL and DL resources.
Note that (ng-)eNB already supports the early retrieval of NB-IoT UE’s capability, inter-UE QoS parameters from AMF/MME after receiving Msg 3 but before transmission of Msg4 for NB-IoT UEs connected to both EPC and 5GC. Thus, it is beneficial to support this feature for eMTC UEs connected to both EPC and 5GC

Various eMTC features that can benefit from early UE capability retrieval (i.e. can be used from MSG4 onwards) are listed in Table 1.
Table 1 eMTC features that can be used from MSG4 or MSG5
	Feature capabilities

	tm9-CE-ModeA-r13, tm9-CE-ModeB-r13

	tm6-CE-ModeA-r13

	ce-PUSCH-NB-MaxTBS-r14

	ce-PDSCH-PUSCH-MaxBandwidth-r14

	ce-PDSCH-TenProcesses-r14

	ce-PDSCH-PUSCH-Enhancement-r14

	ce-SRS-Enhancement-r14, ce-SRS-EnhancementWithoutComb4-r14

	ce-PUCCH-Enhancement-r14

	ce-UL-HARQ-ACK-Feedback-r15

	ce-PDSCH-FlexibleStartPRB-CE-ModeA-r15, ce-PDSCH-FlexibleStartPRB-CE-ModeB-r15, ce-PUSCH-FlexibleStartPRB-CE-ModeA-r1, ce-PUSCH-FlexibleStartPRB-CE-ModeB-r15

	ce-CRS-IntfMitig-r15

	ce-PDSCH-64QAM-r15

	ce-CQI-AlternativeTable-r15

	ce-PUSCH-SubPRB-Allocation-r15

	ce-ModeA-PUSCH-MultiTB-r16, ce-ModeA-PDSCH-MultiTB-r16, ce-ModeB-PUSCH-MultiTB-r16, ce-ModeB-PDSCH-MultiTB-r16

	ce-CRS-ChannelEstMPDCCH-r16

	ce-ModeB-ETWS-CMAS-RxInConn-r16


Without early UE capability retrieval, some of these features would require additional RRC signalling to enable.

Note that (ng-)eNB already supports the early retrieval of NB-IoT UE’s capability, inter-UE QoS parameters from AMF/MME after receiving Msg3 but before transmission of Msg4 for NB-IoT UEs connected to both EPC and 5GC. Thus, it is beneficial to support this feature for eMTC UEs connected to both EPC and 5GC
Observation 1. The (ng-)eNB may want to know eMTC UE’s radio capability before sending Msg4 to UE in order to efficiently utilize radio resources and for improved power efficiency. 

2.2 SA2 reply LS concerns for 5GC discussion

Concern 1: Concerns to enable use of truncated 5G-S-TMSI for all UEs accessing ng-eNBs connected to 5GC as this would reduce the available AMF Set ID number space, AMF Pointer number space and TMSI number space (due to truncation) for all UEs.

The above SA2 concern is valid and this can be solved by RAN2. In R16, early UE capability retrieval for eMTC UEs connected to 5GC can be applied only to Cat-M BL UEs and not for Non-BL CE Mode UEs. This requires 40 bit truncated 5G-S-TMSI in Msg 3 to be applicable only for Cat-M BL UEs. In order for ng-eNB to differentiate whether Msg3 is received from Cat-M BL UE or Non-BL CE Mode UE, enhancements for UE-Identity in Msg3 is required and details are discussed in section 2.3 description below.

Concern 2: Concerns about truncated 5G-S-TMSIs being used, with no additional checks, to retrieve the UE capabilities for all UEs and the high levels of coordination required between operators in RAN sharing cases for eMTC UEs using CP optimizations.

In RAN sharing scenario, ng-eNB will be connected to multiple AMFs of different PLMN network. Format of the 40-bit truncated 5G-S-TMSI is as follows [1].

· <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.

The values n and m are configurable based on network deployment. The value n+m shall be larger or equal to 8 bits.

NOTE: 
Depending on network deployment it is up to operator configuration to ensure that Truncated AMF Set ID and Truncated AMF Pointer identify the AMF uniquely, and that Truncated 5G-TMSI identifies the UE uniquely within the serving AMF. 

The NG-RAN is configured with the values n and m, and it is configured with how to recreate AMF Set ID from Truncated AMF Set ID, AMF Pointer from Truncated AMF Pointer, and 5G-TMSI from Truncated 5G-TMSI.  The configuration of these parameters are specific to each PLMN.

In case of RAN sharing scenario, it is natural that different PLMN core networks are expected to co-ordinate with RAN operator. If for all sharing networks same values of truncated AMF Set ID and truncated AMF pointer values are configured in ng-RAN, then ng-RAN can uniquely identify AMF ID of a particular core network for early UE capability retrieval. An example illustration is described below.

Core network operator1 has 3 AMF IDs as below: assume n = 5, m = 3

AMF Set ID 1 = 10101-00001, AMF Pointer 1 = 101-001

AMF Set ID 2 = 10101-00010, AMF Pointer 2 = 101-010

AMF Set ID 3 = 10101-00011, AMF Pointer 3 = 101-011

Core network operator 2 has another 3 AMF IDs as below: assume n = 5, m = 3

AMF Set ID 4 = 10101-00100, AMF Pointer 4 = 101-100

AMF Set ID 5 = 10101-00101, AMF Pointer 5 = 101-101

AMF Set ID 6 = 10101-00110, AMF Pointer 4 = 101-110

By configuring common AMF Set ID truncated value “10101” and common AMF Pointer truncated value “101”, an ng-eNB can uniquely identity AMF ID based on remaining unique bit values. Each of 32-bit 5G-S-TMSI values allocated by each AMF are unique within each AMF ID and there is no ambiguity to uniquely identify any UE ID within a given AMF.

When ng-eNB wants to retrieve UE capabilities from AMF by using operator secure NG-AP signalling procedure, there is no specific additional check is required because every AMF ID can be uniquely identified by using configured prefix value and actual truncated values. It is to be noted that in case of NB-IoT early UE capability retrieval, (ng-)eNB can retrieve UE capabilities from AMF/MME based on full UE ID received in Msg 3 (from NB-IoT UE), without need of any additional security procedures.

Thus, SA2 raised concern is just about how to configure ng-eNB with truncated values. From our perspective, this is not a technical concern and SA2 can re-discuss to address this configuration issue.

Concern 3: Concerns about introducing to EPS capabilities that are not supported by 5GS, or no clear path exists for its addition to 5GS. 

SA2 clearly mentioned that in case of EPS, there is no technical concern and 5GS concern 1 (see above) raised by SA2 can be addressed by RAN2. Based on RAN2 further reply LS, SA2 can further re-discuss about introducing this key missing enhancement for both EPS and 5GC systems.

Thus, we propose to send a reply LS to SA2 to address their concerns.
It may be not all sharing networks want to support early UE capability retrieval, in which case UE served by such PLMNs would not be configured 5G-S-TMSI truncation method hence UE would send part of 5G-S-TMSI in MSG3, i.e. UE would either truncate 5G-S-TMSI using NAS configured parameters or truncate 5G-S-TMSI as defined in Release 15. Further details on ng-eNB can know from MSG3 what truncation approach is used can be found in section 2.3.

2.3 Enhancements for UE identity in Msg 3 for eMTC/5GC UEs 

In case of eMTC/EPC, RRCConnectionRequest message includes 40-bit full S-TMSI = <8 bit MMEC><32 bit M-TMSI>, Hence, there is no issue for eNB to identify MME for early retrieval of UE radio capabilities after Msg3 and no RAN2 stage 3 impact.
In order to enable ng-eNB to retrieve Cat M UE radio capabilities from AMF after receiving Msg 3 from UE, following are 2 potential issues:

Issue 1: Upon receiving Msg3 from a UE, ng-eNB has to determine whether UE is Cat M (BL UE) or Non-BL UE.

Issue 2: Once ng-eNB determines Cat M UEs after receiving Msg3, ng-eNB has to determine what is AMF ID and UE ID to be used to retrieve UE Radio capabilities from AMF (i.e. before transmitting Msg4 to UE)
For the sake of discussion, let us first consider Issue 2 and potential solution.
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 Cat M UEs connected to 5GC, due to limitation of Msg 3 size, UE is allowed to send only 40-bit UE identity. RRCConnectionRequest includes ng-5G-S-TMSI-Part1 (the rightmost 40-bits of 5G-S-TMSI).  This corresponds to rightmost 2 bit of AMF set id + 6 bit AMF Pointer + 32 bit 5G TMSI. Msg 5, RRCConnectionSetupComplete, 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 Cat M UE 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 Cat M UE connected to 5GC, ng-eNB does not know AMF ID until receiving MSG5 from UE. 
In order to enable ng-eNB to retrieve Cat M UE radio capabilities from AMF, Cat M UE has to provide both UE identity and AMF identity in Msg3. But due to limited size of Msg3, it is not possible for Cat M 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 Cat M UE connected to 5GC, adopt 40-bit truncated 5G-S-TMSI as UE Identity in Msg3 RRC Connection Request Message.  
Now, lets discuss about Issue1 mentioned above.
We have following types of UEs.

A) Non-BL UEs connected to 5GC

I.  Normal Mode

II. CE Mode

B)    Cat M BL UEs connected to 5GC

ng-eNB can differentiate between Non-BL UEs operating in normal coverage mode from Non-BL UEs operating in CE Mode and BL UEs by using PRACH resource configuration used by UEs for accessing the cell.
From Msg3, ng-eNB needs to differentiate access from Non-BL UEs operating in CE Mode and BL UEs.
In Msg 3, there is single spare bit available but this is kept for essential corrections; UE capability retrieval after Msg3 is an optimisation and not a critical correction hence we do not propose to use the spare bit to differentiate between non-BL and BL UE.
The structure of UE identifier in Msg3 is as following:
InitialUE-Identity-5GC ::=


CHOICE {


ng-5G-S-TMSI-Part1




BIT STRING (SIZE (40)),


randomValue






BIT STRING (SIZE (40)) }
With early UE capability retrieval, the Msg 3 UE identity will serve three purposes : 
1. MAC contention resolution in case of contention based random access (CBRA). 
2. Second function is to differentiate between BL UEs from Non-BL UEs operating in CE Mode for early UE capability retrieval. 
3. Third function is if there is any core network AMF congestion, based on AMF ID received in Msg 3 UE identity, ng-eNB has to send RRC Connection Reject message (refer [6]). Note: In current specifications with RAN sharing nb-eNB may have to receive Msg5 to determine which core network UE belongs. In fact RAN2 has identified an issue with use of WUS if ng-eNB has to reject UE after reception of Msg5 [8].
4. Differentiate between BL UEs from Non-BL UEs operating in CE Mode for early UE capability retrieval. 

MAC contention resolution functionality for CBRA can be accomplished by using either random value or by using 40-bit ng-5G-S-TMSI-Part1 received from UE in Msg3. It is not essential to use ng-5G-S-TMSI for contention resolution purpose.
To accomplish second functionality, i.e to differentiate between BL UEs from Non-BL UEs operating in CE Mode for early UE capability retrieval, one possible solution is for BL UE configured with truncated 5G-S-TMSI (40-bit value) (discussed in next section) to use ng-5G-S-TMSI-Part1. For non-BL UEs operating in CE mode to use random value always. This enables ng-eNB to differentiate between BL UEs and non BL UEs operating in CE Mode. By using 40-bit truncated 5G-S-TMSI value received in ng-5G-S-TMSI-Part1, ng-eNB can determine both 6 bit AMF Pointer, 32 bit UE identity and initiate early UE capability retrieval from correct AMF ID within a given AMF region and AMF set.
When a non-BL UE or a BL UE not configured at NAS with 5G-S-TMSI truncation accesses the cell on BL channels then UE sets the randomValue as follows:

UE has 5G-S-TMSI: randomValue






1<39 rightmost bits of 5G-S-TMSI>
UE does not have 5G-S-TMSI: randomValue






0<39 random bits>

In other words, the leftmost bit of the randomValue is used to differentiate between the 39-rightmost bits as random or 39-leftmost bits of the 5G-S-TMSI. When eNB receives initialUE-Identity-5GC in MSG3 set to randomValue on BL channels then it does not perform early UE capability retrieval procedure. When eNB receives initialUE-Identity-5GC in MSG3 set to ng-5G-S-TMSI-Part1 on BL channels then it may perform early UE capability retrieval procedure.
Proposal 2.   When NAS provides 5G-S-TMSI value for non-BL UE and truncated 5G-S-TMSI for BL UE to RRC, InitialUE-Identity-5GC in Msg3 is configured as:
· For BL UEs configured with 5G-S-TMSI truncation at NAS, send 40-bit truncated 5G-S-TMSI in ng-5G-S-TMSI-Part1 (new Rel-16 feature for eMTC).
· For non-BL UEs in CE mode (i.e., using CE mode PRACH resource) or for BL UEs not configured with 5G-S-TMSI truncation at NAS, set 39 rightmost bits of 48-bit 5G-S-TMSI in 39 leftmost bits of randomValue , set 1 rightmost bit of randomValue to 1 and send remaining leftmost 9 bits of 48 bit 5G-S-TMSI in Msg 5 (new Rel-16 feature).
· For non-BL UEs operating in normal mode (i.e., using normal PRACH resource), set rightmost bits of 40-bit 5G-S-TMSI in ng-5G-S-TMSI-Part1 in MSG3 (i.e. existing procedure to ensure backward compatibility).
Proposal 3.   When NAS does not provide 5G-S-TMSI value to RRC, InitialUE-Identity-5GC in Msg3 is configured as:
· For both BL UEs and non-BL UEs in CE mode, (i.e., using CE mode PRACH resource) send 39 random bits and set 1 rightmost bit to 0 of 40-bit randomValue (new Rel-16 feature).

· For non-BL UEs operating in normal mode (i.e., using normal PRACH resource) set send 40-bit random value within randomValue (i.e, existing procedure to ensure backward compatibility).
2.4 How UE gets n and m values to be used for truncated 5G-S-TMSI:

We see some simple RAN2 specification impact regarding this for UEs connected to 5GC. It is to note that in EPC case, eNB receives full identity (i.e., S-TMSI) and is able to retrieve the UE context early to reduce power consumption and optimize the resource usage (i.e no RAN2 impact for EPC UEs).

 In 5GC, RRCConnectionRequest message in Msg3 contains only the rightmost 40-bits of 5G-S-TMSI. Then BL UEs connected to 5GC needs to know what are the values of “n” and “m” to calculate the truncated 40-bit 5G-S-TMSI. This solution is similar to already agreed solution for NB-IoT/5GC, AMF can just enable the same NAS based solution for BL UEs (i.e. Cat M1 and Cat M2 UEs).
If this enhancement is introduced in e.g. Rel-17 then MSG 3 will need to provide additional differentiation and the simple approached proposed in section 2.3 would not be enough. Therefore, use of truncated 5G-S-TMSI should be enabled from the Rel-16.

Observation 4. Introducing this feature in R17 will require differentiation between R17 and R16 UEs and it will be impossible to introduce this feature without using the spare bit.
RAN2 has already sent LS to SA2, RAN3, CT1 to determine feasibility and if feasible to specify solution. In order to make progress in RAN2, following are proposals. 
Proposal 4.   RAN2 agrees that “m and n” values for truncated 5G-S-TMSI are provided to BL UEs in 5G NAS layer (same solution adopted for NB-IoT CP Optimization Re-establishment). 

Proposal 5.   If truncated 40-bit 5G-S-TMSI is used in Msg 3 for BL UEs connected to 5GC, there is no need for including ng-5G-S-TMSI-Part2 in Msg 5.
Proposal 6.   For R16 BL UEs connected to 5GC, it is mandatory to support truncated 40-bit 5G-S-TMSI as UE identity in Msg3 without any UE capability if NAS is configured with “m and n” values.
Proposal 7.   For non-BL UEs operating in CE mode and BL UEs not configured with “m and n” use the randomValue to send either a random value or 39-rightmost bits of the 5G-S-TMSI,

Proposal 8.   Send reply LS to SA2
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 but before Msg4 transmisssion to BL UEs connected to 5GC.
Observation 1.
The (ng-)eNB may want to know eMTC UE’s radio capability before sending Msg4 to UE in order to efficiently utilize radio resources and for improved power efficiency.
Observation 2.
In case of Cat M UE 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 Cat M UE connected to 5GC, ng-eNB does not know AMF ID until receiving MSG5 from UE.
Observation 4.
Introducing this feature in R17 will require differentiation between R17 and R16 UEs and it will be impossible to introduce this feature without using the spare bit.


Proposal 1.
For Cat M UE connected to 5GC, adopt 40-bit truncated 5G-S-TMSI as UE Identity in Msg3 RRC Connection Request Message.
Proposal 2.
When NAS provides 5G-S-TMSI value for non-BL UE and truncated 5G-S-TMSI for BL UE to RRC, InitialUE-Identity-5GC in Msg3 is configured as:
-
For BL UEs configured with 5G-S-TMSI truncation at NAS, send 40-bit truncated 5G-S-TMSI in ng-5G-S-TMSI-Part1 (new Rel-16 feature for eMTC).
-
For non-BL UEs in CE mode (i.e., using CE mode PRACH resource) or for BL UEs not configured with 5G-S-TMSI truncation at NAS, set 39 rightmost bits of 48-bit 5G-S-TMSI in 39 leftmost bits of randomValue , set 1 rightmost bit of randomValue to 1 and send remaining leftmost 9 bits of 48 bit 5G-S-TMSI in Msg 5 (new Rel-16 feature).
-
For non-BL UEs operating in normal mode (i.e., using normal PRACH resource), set rightmost bits of 40-bit 5G-S-TMSI in ng-5G-S-TMSI-Part1 in MSG3 (i.e. existing procedure to ensure backward compatibility).
Proposal 3.
When NAS does not provide 5G-S-TMSI value to RRC, InitialUE-Identity-5GC in Msg3 is configured as:
-
For both BL UEs and non-BL UEs in CE mode, (i.e., using CE mode PRACH resource) send 39 random bits and set 1 rightmost bit to 0 of 40-bit randomValue (new Rel-16 feature).
-
For non-BL UEs operating in normal mode (i.e., using normal PRACH resource) set send 40-bit random value within randomValue (i.e, existing procedure to ensure backward compatibility).
Proposal 4.
RAN2 agrees that “m and n” values for truncated 5G-S-TMSI are provided to BL UEs in 5G NAS layer (same solution adopted for NB-IoT CP Optimization Re-establishment).
Proposal 5.
If truncated 40-bit 5G-S-TMSI is used in Msg 3 for BL UEs connected to 5GC, there is no need for including ng-5G-S-TMSI-Part2 in Msg 5.
Proposal 6.
For R16 BL UEs connected to 5GC, it is mandatory to support truncated 40-bit 5G-S-TMSI as UE identity in Msg3 without any UE capability if NAS is configured with “m and n” values.
Proposal 7.
For non-BL UEs operating in CE mode and BL UEs not configured with “m and n” use the randomValue to send either a random value or 39-rightmost bits of the 5G-S-TMSI,
Proposal 8.
Send reply LS to SA2
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