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Abstract of the contribution: This contribution summarizes the mechanisms available for fetching UE Radio Capability including Paging Info and proposes to use S1AP DL NAS TRANSPORT to fetch UE Radio Capability (also for paging information).
1 Introduction

In SA2#126, TS 23.401 CR#3388 (S2-182322) propose to generalize the UE Radio Capability Match Request to fetch UE Radio Capability for paging information. 
In SA2#126, another solution S2-182411 (under discussion) to differentiate the LTE-M IoT traffic from other traffic also requires the information from UE Radio Capability.
2 Discussion
2.1 UE RADIO CAPABILITY MATCH REQUEST procedure
This procedure was introduced S2-121152 and S2-121856 to provide the possibility for the MME to request information on whether the UE support of SRVCC and PS voice frequency bands is compliant with the network support. 

=== Excerpt from TS 23.401 v15.2.0==== 
4.3.5.8
IMS voice over PS Session Supported Indication

The serving PLMN shall send an indication toward the UE during the Attach procedure and Tracking Area Update procedures if an IMS voice over PS session is supported. The serving PLMN uses this indicator to indicate to the UE whether it can expect a successful IMS voice over PS session according to TS 22.173 [73] with a bearer that supports Conversational Voice as specified in TS 23.203 [6]. A UE with "IMS voice over PS" voice capability should take this indication into account when establishing voice over PS sessions (as specified in TS 23.221 [27]) as well as when determining whether to deactivate the special handling of ISR locally (as detailed in clause 4.3.5.6).

The serving PLMN provides this indication based e.g. on local policy, HPLMN, Voice Support Match Indicator, the SRVCC capability of the network and UE and/or extends of E-UTRAN/UTRAN coverage. The serving PLMN shall indicate to the UE that the UE can expect a successful IMS voice over PS session only if the MME is configured to know that the serving PLMN has a roaming agreement for IMS voice with the HPLMN of the UE. This indication is per TAI list.

 5.3.14            UE Radio Capability Match Request
If the MME requires more information on the UE radio capabilities support to be able to set the IMS voice over PS Session Supported Indication (see clause 4.3.5.8), then the MME may send a UE Radio Capability Match Request message to the eNB.
 5.3.2.1   E-UTRAN Initial Attach

12 ….
If the MME requires the eNB to check whether the UE radio capabilities are compatible with the network configuration (e.g. whether the SRVCC or frequency support by the UE matches that of the network) to be able to set the IMS voice over PS Session Supported Indication (see clause 4.3.5.8), then the MME may send a UE Radio Capability Match Request to the eNB as defined in clause 5.3.14.

 

5.3.3.1   Tracking Area Update procedure with Serving GW change

5.3.3.2   E-UTRAN Tracking Area Update without S GW Change

20…
If the MME did not receive the Voice Support Match Indicator in the MM Context, then the MME may send a UE Radio Capability Match Request to the eNB as described in clause 5.3.14. If the MME hasn't received Voice Support Match Indicator from the eNB then, based on implementation, MME may set IMS Voice over PS session supported Indication and update it at a later stage.

[Observation-1] It’s our understanding that the MME may perform this procedure only when the UE has indicated the voice related capability (e.g. SRVCC) and the main purpose is to get the Voice Support Match Indicator IE from eNB.

[Proposal-1] It’s proposed to use the UE RADIO CAPABILITY MATCH REQUEST procedure for its intended use case, i.e. retrieving the Voice Support Match Indicator to check matching voice capabilities between UE and RAN, and not to repurpose the procedure.  

2.2 S1AP INITIAL CONTEXT SETUP REQUEST message to fetch UE Radio Capability 

5.11.2
UE Radio Capability Handling

The UE Radio Capability information contains information on RATs that the UE supports (e.g. power class, frequency bands, etc). Consequently, this information can be sufficiently large (e.g. >50 octets) that it is undesirable to send it across the radio interface at every transition from ECM‑IDLE to ECM‑CONNECTED. To avoid this radio overhead, the MME stores the UE Capability information during ECM‑IDLE state and the MME shall, if it is available, send its most up to date UE Radio Capability information to the E‑UTRAN in the S1 interface INITIAL CONTEXT SETUP REQUEST message unless the UE is performing an Attach procedure or a Tracking Area Update procedure for the "first TAU following GERAN/UTRAN Attach" or for a "UE radio capability update".
[Observation-2] S1AP DOWNLINK NAS TRANSPORT without UE Radio Capability UE will trigger the eNB to fetch UE Radio Capability from the UE if eNB has not received the info.

2.3 UE Radio Capability IE introduced in S1AP DL NAS TRANSPORT message 
In TS 36.413 CR#1410 (R3-160958, April 2016), S1AP DOWNLINK NAS TRANSPORT message is enhanced to carry UE Radio Capability IE. 
In TS 36.300 CR#882 (R3-161052, May 2016), it’s specified that only for Control Plane CIoT EPS Optimization, DL NAS TRANSPORT message may contain UE Radio Capability IE.
19.2.2.6
NAS transport procedures

…

iii) NAS Transport procedure (MME initiated)
…
-
The Downlink NAS Transport procedure is initiated by the MME by sending the DOWNLINK NAS TRANSPORT message to the eNB. The DOWNLINK NAS TRANSPORT contains a NAS message, UE identification and other S1 related addressing information. 
-
In case of Control Plane CIoT EPS Optimization, the DOWNLINK NAS TRANSPORT message may also contain the UE Radio Capability information.
However, later in TS 36.300 CR#913 (R2-165751, Aug 2016), the inclusion of the UE Radio Capability IE in DOWNLINK NAS TRANSPORT message is made available for other scenarios as well (i.e. for scenarios with or without Control Plane CIoT EPS optimization) to avoid the following consequences:

1/ Inefficient load balancing if UEs are steered to frequencies which they don’t support.

2/ Undefined behaviour of the UE when receiving in the RRC configuration message certain frequencies which it does not support, as reported by RAN2 by LS in R2-164424 (R3-161436): In case the idleModeMobilityControlInfo IE includes frequencies that are not supported by the UE, the UE behaviour is not specified]

19.2.2.6
NAS transport procedures

…

iii) NAS Transport procedure (MME initiated)

…

-
The Downlink NAS Transport procedure is initiated by the MME by sending the DOWNLINK NAS TRANSPORT message to the eNB. The DOWNLINK NAS TRANSPORT contains a NAS message, UE identification and other S1 related addressing information and may contain the UE Radio Capability information. 


[Observation-3] MME is expected to include UE Radio Capability IE in DL NAS TRANSPORT message when INITIAL CONTEXT SETUP REQUEST message (in which UE Radio Capability is included if available) is not involved in the procedure.

2.4 S1AP CONNECTION ESTALBISHMENT INDICATION for UE Radio Capability fetch
TS 36.300 has the following:

18 
UE capabilities

…
For a UE that supports Control Plane CIoT EPS optimization, as defined in TS 24.301 [20], the MME may initiate Connection Establishment Indication procedure to provide UE Radio Capability to the eNB after receiving INITIAL UE MESSAGE message. If the UE Radio Capability is not included in the procedure, this may trigger the eNB to request the UE Radio Capability from the UE and to provide it to the MME in the UE CAPABILITY INFO INDICATION message. The detailed procedure is defined in TS 36.413 [25].
19.2.2.25
Connection Establishment Indication procedure

…

The Connection Establishment Indication procedure enables the MME to provide information to the eNB to complete the establishment of the UE-associated logical S1-connection in case of Control Plane CIoT EPS Optimization either

-
after receiving INITIAL UE MESSAGE message, if the MME has no NAS PDU to send in DL, or 
-
after receiving an eNB CP RELOCATION INDICATION message.
[Observation-4] The MME sends S1AP CONNECTION ESTALBISHMENT INDICATION to complete the establishment of logical S1-connection if the MME has no NAS PDU to send in DL after receiving INITIAL UE MESSAGE. Absence of UE Radio Capability IE in this message triggers eNB to fetch UE Radio Capability.
[Observation-5] If MME has NAS PDU (e.g. NAS Tracking Area Accept, or NAS Service Accept) to send in DL after receiving INITIAL UE MESSAGE, MME is not expected to send S1AP CONNECTION ESTALBISHMENT INDICATION message to complete the establishment of the logical S1-connection. Consequently,

For Control Plane CIoT EPS optimization, MME may not be able to retrieve UE Radio Capability (as INITIAL CONTEXT SETUP procedure is not involved in this case).
[Proposal-2] It’s proposed to clarify that S1AP CONNECTION ESTALBISHMENT INDICATION is not sent to complete the establishment of UE-associated logical S1-connection if MME sends NAS Service Accept (in DL NAS TRANSPORT) to align with the current RAN spec.
2.5 For Scenarios other than Control Plane CIoT EPS optimization

[Observation-6] For scenarios without Control Plane CIoT EPS optimization, S1AP CONNECTION ESTABLISHMENT INDICATION (described in chapter 2.4) is not applicable. In this case, if S1AP INITIAL CONTEXT SETUP is not involved in the procedure (e.g. TAU without active flag), MME will not be able to retrieve the UE Radio Capability info, and consequently 

(1) there is no possibility to include UE Radio Capability IE in DL NAS TRANSPORT message as described in chapter 2.3, and 

(2)  For a CE-capable device moving from 2G/3G to 4G, paging to the UE may fail until the UE performs MO data, since MME doesn’t have "UE Radio Capability for Paging" information to the eNB during paging request, as captured in S2-182322. 
2.6 Proposal to fetch UE Radio Capability using DL NAS TRANSPORT
To avoid the consequences in [Observation-5] and [Observation-6] for scenarios with and without Control Plane CIoT EPS optimization, it’s proposed to use DL NAS TRANSPORT message to fetch UE Radio Capability. Two options are investigated:

Option-1 Absence of UE Radio Capability IE in DL NAS TRANSPORT message triggers eNB to fetch UE Radio Capability from the UE. This is an implicit request.
Possible drawback of Option-1: UE Radio Capability may be fetched for UEs that cannot be admitted to the network, e.g. due to authentication failure.
Option-2 Introduce an explicit request indication (e.g. UE Radio Capability request) in DL NAS TRANSPORT, and only when MME includes the indication will the eNB initiate UE Radio Capability fetch from the UE.
Benefit of Option-2: MME has full control when to use DL NAS TRANSPORT to fetch URC, and possibly the related logic in eNB is also simplified.
[Proposal-3] It’s proposed to introduce an explicit request indication in S1AP DL NAS TRANSPORT to trigger eNB to fetch UE Radio Capability from the UE (i.e. Option-2).
2.7 Fetching UE Radio Capability for Paging Information

TS 23.401 has the following:

5.11.4 UE Radio Capability for Paging Information

The aim of this procedure is to assist the E-UTRAN in optimising the radio paging procedures.

As specified in TS 36.413 [36] , the eNB uploads the UE Radio Capability for Paging Information to the MME in the S1 interface UE CAPABILITY INFO INDICATION message (in a separate IE from the UE Radio Capability). As specified in TS 36.331 [37], the UE Radio Capability for Paging Information may contain UE Radio Paging Information provided by the UE to the eNB, and other information derived by the eNB (e.g. band support information) from the UE Radio Capability information.

Typically this is at the same time as the eNB uploads the UE Radio Capability information. The MME stores the UE Radio Capability for Paging Information in the MME context. When it needs to page, the MME provides the UE Radio Capability for Paging Information to the eNB as part of the S1 paging message. The eNB may use the UE Radio Capability for Paging Information to enhance the paging towards the UE.

[Observation-7] The same procedure to fetch UE Radio Capability will be used to fetch UE Radio Capability for paging information.
3 Proposal
[Proposal-1] It’s proposed to use the UE RADIO CAPABILITY MATCH REQUEST procedure for its intended use case, i.e. retrieving the Voice Support Match Indicator to check matching voice capabilities between UE and RAN, and not to repurpose the procedure.  

[Proposal-2] It’s proposed to clarify that S1AP CONNECTION ESTALBISHMENT INDICATION is not sent to complete the establishment of UE-associated logical S1-connection if MME sends NAS Service Accept (in DL NAS TRANSPORT) to align with the current RAN spec.
See S2-184883 (CR3410).

[Proposal-3] It’s proposed to introduce an explicit request indication in DL NAS TRANSPORT to trigger eNB to fetch UE Radio Capability from the UE.
See S2-184884 (CR3414).
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