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1
Introduction
In the SA2#87 the LS in S2-114702 was sent as a reply to the RAN2 LS in S2-113914 requesting a joint meeting between CT1, RAN2, RAN3 and SA2. This paper evaluates the issues and solutions expected to be discussed in such joint meeting and proposes a way forward for the FGI bit issue.
2
Discussion
2.1
Problem cases
From the RAN2 LS in S2-113914 and the SA2 LS in S2-114702 the following issues can be derived:

1.
The UE indicates it supports SRVCC on NAS level, but the UEs AS capabilities (indicated by the EUTRA FGI bit 9 to GERAN and FGI bit 27 to UTRAN) may not match the supported SRVCC of the network (in case network only support SRVCC from EUTRA to GERAN or from EUTRA to UTRAN)

A network has been deployed with SRVCC to one RAT only (GERAN or UTRAN). If the UE only supports e.g. SRVCC to RAT-1 while the MME knows by configuration that the network only supports SRVCC to RAT-2, the MME should indicate to the UE that voice should be supported in CS domain. Therefore, the MME (and SGSN) needs accurate information on whether the UE supports SRVCC to GERAN, UTRAN or both in order to decide whether to indicate “VoIMS possible” or “VoIMS not supported” in the Attach/TAU/RAU accept messages. This will allow the UE to use this indication for deciding whether e.g. to use VoIMS, or to initiate a combined attach for CSFB, or to move to 2G/3G only mode (when CSFB is not available and UE is in “voice centric” mode).
2.
The network is planned for ubiquitous IMS VoIP continuity, so this is the intended mode of operation. Hence no SRVCC is supported in the network. However, this strategy assumes that UEs support a certain frequency band (say 700MHz). 
In this case the network will inform UEs "IMS VoIP is supported", making all VoIP-capable UE stay on EUTRA for voice service. But UEs not supporting the required band will suffer from bad coverage and dropped calls.

Note that a UE in contact with an MME at least supports one E-UTRAN band, i.e. the issue is then whether IMS PS voice coverage is relying on other bands to be supported.

For information about currently available E-UTRA bands see Annex D.
3.
“Not all terminals can be expected to support both UTRAN and GERAN”. Similar to issue 1 above, a network has been deployed with SRVCC to one RAT only (GERAN or UTRAN). If the UE only supports e.g.  RAT-1, hence only SRVCC to RAT-1, while the MME knows by configuration that the network only supports SRVCC to RAT-2, the MME should indicate to the UE that voice should be supported in CS domain. The MME will in most cases know if the UE supports both. If IE MS Network Capability and IEs MS Classmark 2/3 are received, then MME cannot know if the UE supports UTRAN.


4.
UE is designed for E-UTRAN FDD but network has deployed E-UTRAN TDD.
This does not need to be discussed separately as for E-UTRAN the band number itself implies whether FDD or TDD is used. If “2” is seen as an issue same solution as for 2 can be applied..
Some additional aspects that are worth considering when looking into potential solutions are:
i) During certain mobility scenarios (e.g. idle mode inter MME/SGSN TAU) the UE radio capabilities are not generally available in either the eNB or MME, e.g. 23.401 states (underlined/bold tex formatted in this paper):
“If the UE is performing an Attach procedure or a Tracking Area Update procedure for the "first TAU following GERAN/UTRAN Attach" or for "UE radio capability update", the MME shall delete (or mark as deleted) any UE Radio Capability information that it has stored, and, if the MME sends an S1 interface INITIAL CONTEXT SETUP REQUEST message during that procedure, the MME shall not send any UE Radio Capability information to the E‑UTRAN in that message. This triggers the E‑UTRAN to request the UE Radio Capability from the UE and upload it to the MME in the S1 interface UE CAPABILITY INFO INDICATION message.”
Annex B in this paper includes a copy of 23.401 chapter 5.22.1 for your information.
2.2
Potential solutions
http://www.3gpp.org/ftp/tsg_sa/WG2_Arch/TSGS2_87_Jeju_Island/Docs/S2-113999.zip outlines some possibilities for LTE. The list below is an extension:

A. RAN broadcasts it's "VoIP strategy" (meaning (i) SRVCC to xxRAN supported/not supported (and on which bands) and (ii) "full VoIP coverage" supported if bands X-Z supported) to the UE. UE will cross-analyze "network strategy" and it's own capabilities and decide if it should behave according to "VoIP supported" or not.

B. RAN sends (some of)  it's UE AS capabilities to EPC. EPC will cross-analyze "network strategy" and UE NAS+selected AS capabilities and signal that to the UE ("VoIP supported" or not)

RAN encode the selected UE AS capabilities according to normal S1 IE formatting (i.e. not in ASN.1) 

B2. A variant is that RAN sends “only” 2 bits [UE SRVCC compatible with nw, UE support LTE band used for VoIP] to EPC.
Info assumed to be widely applicable (i.e. per PLMN or minimum MME pool) and not e.g. per TA.

C. UE appends (some of) it's UE AS capabilities to the NAS capabilities sent to EPC in non ASN.1 format.

D. Similar to B, but (a) eNB uploads the UE AS capabilities (ASN.1 encoded) to EPC with minimum delay and (b) EPC reads the relevant AS capabilities (layer violation. Method D applies only in E-UTRAN, not HSPA)

E. Same as C, but in NAS signalling UE adds a separate SRVCC capability, i.e. separate NAS capabilities for SRVCC from E-UTRAN to GERAN and UTRAN, respectively

F. UE shall not indicate support for SRVCC in NAS to an MME unless the UE vendor has IOT:ed SRVCC HO for at least one combination of RATs  (e.g. one of E-UTRAN to UTRAN; E-UTRAN to GERAN). UE supporting SRVCC and E-UTRAN is mandated to support SRVCC to the other 3GPP RATs (GERAN and/or UTRAN) that the UE supports. The MME does not keep any logic to handle cases when UE has only IOT:ed one RAT variant, i.e. the MME assumes the UE can perform SRVCC from E-UTRAN to both GERAN and UTRAN.
G. If the UE indicates support for SRVCC in NAS then the UE at least support and has IOT:ed SRVCC from E-UTRAN to GERAN. The MME knows whether the UE support and has IOT:ed SRVCC to GERAN by checking whether the “Mobile station classmark 3” is sent by the UE (i.e. UE logic changed to not provide “Mobile station classmark 3” unless it has been IOT:ed for SRVCC from E-UTRAN to GERAN).
2.3
Evaluation of solutions

	
	Solution A
	Solution B
	Solution C
	Solution D
	Solution E
	Solution F
	Solution G

	Legacy UEs supported
	No
	Yes
	No
	Yes
	No
	Partly
NOTE 1
	Depends on implementation

	Impact on eNB
	Yes
	Yes
	No
	Likely No

NOTE 2
	No
	No
	No

	Impact on MME
	No
	Yes
	Yes
	Yes
	Yes
	No
	Yes

	Network is not “advertised”
	Advertised
	Not advertised
	Not advertised
	Not advertised
	Not advertised
	Not advertised
	Not advertised

	Delay before reaching correct configuration (aka signalling volume)
	No
	Yes

NOTE 3
	No
	Yes

NOTE 3
	No
	No
	No

	Solution could work also for UTRAN, if needed
	Yes
	Yes
	Yes
	No. UE AS capabilities are not uploaded to SGSN/MSC by UTRAN
	Yes
	Not directly as no FGI bits are available, but principles can apply
	Yes

	Solves problem
	1+2+3
	1+2+3
	1+2+3
	1+2+3
	1+3
	1
	1+partly 3


NOTE 1:
A UE supporting E-UTRA, UTRAN, GERAN and SRVCC is mandated to support SRVCC from both E-UTRAN to GERAN and from E-UTRAN to UTRAN, but early deployments (or if there never will be network implementation supporting SRVCC from E-UTRAN to e.g. GERAN) might not be IOT:ed for one SRVCC RAT combination.

NOTE 2:
TS 23.401 in subclause 5.22.1 clarifies that if the MME sends S1 interface INITIAL CONTEXT SETUP REQUEST message without any UE Radio Capability information to the E‑UTRAN it triggers E‑UTRAN to request the UE Radio Capability from the UE and upload it to the MME. This might already be expected to happen as soon as possible, but when eNB uploads UE radio capabilities to MME is implementation specific.
NOTE 3:
There will be an additional delay for the cases when initial setting of “IMS voice over PS Session Supported Indication” was wrong, see flows in annex A.
3 Conclusion and proposal
Proposal 1: Discuss the solutions listed above and agree on a way forward.
Proposal 2: Agree on the solution F for the problem 1 (i.e. FGI issue).
Proposal 3: Discuss how serious the problem 2 is and whether the problem will be transient. Also, if it is agreed to be an issue, discuss whether it is an issue for UTRAN bands as well.
Annex A:
Solution flows
Note that the flows below assumes UE perform only EPS attach/TAU initially, but in general UE may perform either Attach/TAU for EPS only or perform combined Attach/TAU for EPS with IMSI attach.
A.1: Solution A
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A.2: Solution B
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A.3: Solution C
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A.4: Solution D
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A.5: Solution E

Similar to C, but in NAS UE only separate its SRVCC capability into separate capability for SRVCC from E-UTRAN to GERAN and UTRAN, respectively. 
A.6: Solution F


[image: image5]
Annex B:
Copy from 23.401 subclause 5.11.2

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".

NOTE 1:
For a GERAN/UTRAN/E-UTRAN capable UE, the UE Radio Capability information that the MME stores is broadly equivalent to the combination of the MS Radio Access capability sent in the TS 24.008 [47] Attach Request or RAU Request messages plus the E‑UTRAN Inter RAT Handover information sent in the TS 24.008 [47] Attach Complete or RAU Complete messages. The UTRAN Radio Capabilities are excluded owing to issues with the handling of dynamic UMTS security parameters.

If the UE is performing an Attach procedure or a Tracking Area Update procedure for the "first TAU following GERAN/UTRAN Attach" or for "UE radio capability update", the MME shall delete (or mark as deleted) any UE Radio Capability information that it has stored, and, if the MME sends an S1 interface INITIAL CONTEXT SETUP REQUEST message during that procedure, the MME shall not send any UE Radio Capability information to the E‑UTRAN in that message. This triggers the E‑UTRAN to request the UE Radio Capability from the UE and upload it to the MME in the S1 interface UE CAPABILITY INFO INDICATION message.

If the UE is performing a Service Request (or other) procedure and the MME does not have UE Radio Capability information available (or it is available, but marked as "deleted"), then the MME sends an S1 interface INITIAL CONTEXT SETUP REQUEST message to the E‑UTRAN without any UE Radio Capability information in it. This triggers the E‑UTRAN to request the UE Radio Capability from the UE and upload it to the MME in the S1 interface UE CAPABILITY INFO INDICATION message.

NOTE 2:
This use of the INITIAL CONTEXT SETUP REQUEST message means that for a signalling only procedure such as a periodic Tracking Area Update, the UE Radio Capability would not be sent to the E‑UTRAN.

NOTE 3:
If a "first TAU following GERAN/UTRAN Attach" Tracking Area Update is performed during ECM-CONNECTED mode, e.g. after an inter RAT handover, no INITIAL CONTEXT SETUP REQUEST is sent and the UE Radio Capability information in the MME will remain deleted until the next ECM-IDLE to ECM-CONNECTED transition (or later, e.g. if the next activity from the UE is another Tracking Area Update).

The UE Radio Capability is not provided directly from one CN node to another. It will be uploaded to the MME when the E-UTRAN requests the UE Radio Capability information from the UE.

During handover via the MME (both intra RAT and inter RAT), the radio capability information for the source and target 3GPP RATs (with the possible exception of UTRAN) are transferred in the "source to target transparent container". Information on additional 3GPP RATs is optionally transferred in the "source to target transparent container". Transfer of the radio capability information related to the source and/or additional RATs is beneficial as it avoids the need for the target RAT to retrieve the information from the UE prior to a subsequent inter-RAT handover.

Owing to issues with dynamic UTRAN security parameters, special rules apply to the handling of the UTRAN radio capability information at inter-RAT handover (see e.g. the HandoverPreparationInformation message description in TS 36.331 [37] and the usage of the PS Handover Complete Ack message in TS 43.129 [8] and TS 48.018 [42])

To allow for the addition of future radio technologies, frequency bands, and other enhancements, the MME shall store the UE Radio Capability Information even if it is larger than specified in TS 36.331 [37], up to a maximum size of 510 octets.

NOTE 4:
The 510 octet value comes from the information element encoding rules described in TS 24.007 [45] and the assumption that the information contained within this UE Radio Capability Information Element stored by the MME is the equivalent of information signalled in two information elements in the GERAN NAS signalling for the case of GERAN to E‑UTRAN PS handover.

The E‑UTRAN stores the UE Radio Capability information, received in the S1 interface INITIAL CONTEXT SETUP REQUEST message or obtained from the UE, for the duration of the RRC connection for that UE. Before any handover attempt from E‑UTRAN to UTRAN, the E‑UTRAN retrieves the UE's UTRAN Radio Capabilities from the UE.

If the UE's non-UTRAN UE Radio Capability information changes while in ECM-IDLE state (including cases of being in GERAN/UTRAN coverage), the UE shall perform a Tracking Area Update indicating "UE radio capability update" when it next returns to E‑UTRAN coverage.

NOTE 5:
In this release of the specifications, "UE radio capability update" is only supported for changes of GERAN radio capabilities in ECM-IDLE. Any change in the UE's E‑UTRAN capabilities requires the UE to detach and then re-attach to the system.

Annex C:
Copy from 23.401 subclause 4.3.5.8

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. 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, 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.

On request by the HSS, the MME shall indicate the following:

-
whether or not an IMS voice over PS Session is supported in the TA(s) that are registered for the UE ("IMS voice over PS Session Supported Indication"), together with the time of the last radio contact with the UE; and

-
the current RAT type.

NOTE:
In order to support routing of incoming IMS voice calls to the correct domain (PS or CS), the network-based T-ADS (see TS 23.292 [60] and TS 23.221 [27]) requires that there is homogeneous support/non-support of IMS voice over PS session for all registered TAs of the UE.

Annex D:
Copy from 36.101 subclause 5.5

5.5
Operating bands

E-UTRA is designed to operate in the operating bands defined in Table 5.5-1.

Table 5.5-1 E-UTRA operating bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz 
	1475.9 MHz  
	–
	1495.9 MHz 
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	
	
	Reserved
	
	
	FDD

	16
	Reserved
	
	
	Reserved
	
	
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD

	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	25
	1850 MHz
	–
	 1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	...
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	Note 1: Band 6 is not applicable


Continue using IMS PS Voice





If UE is e.g.


SRVCC enabled; and/or


Support VoIP frequency band(s)


Set IMS PS Voice supported indicator to TRUE


If not, then MME may want to force UE to use CSFB instead, depending on operator policy.




















If UE is


SRVCC enabled; and/or


Support VoIP frequency band(s)


IMS roaming agreement etc


..


Set IMS PS Voice supported indicator to TRUE


If not, then MME may want to force UE to use CSFB instead, depending on operator policy.




















Else continue using existing settings towards the UE





UE decides if it is useful to use IMS VoIP or not (rules and rule transfer mechanism TBD)





Or:





Either:





Inform UE about network strategy:


SRVCC to GERAN supported/not supported (and on which bands) and 


SRVCC to UTRAN supported/not supported (and on which bands) and 


"adequate VoIP coverage" supported (if bands X-Z supported)


NOTE: IMS PS voice supported indication likely deprecated in Attach Accept





Inform UE about network strategy:


SRVCC to GERAN supported/not supported (and on which bands) and (ii) SRVCC to GERAN supported/not supported (and on which bands) and (iii) "adequate VoIP coverage" supported (if bands X-Z supported)





System Info [network strategy]





Else





If UE decides to use CS domain instead of IMS PS voice





Combine TAU with IMSI attach or disable E_UTRA and move to GERAN/UTRAN





Else continue using existing settings towards the UE





Attach/TAU Procedure





Attach/TAU Accept  [network strategy]








IMS





VLR





MME





UE





eNB





Combine TAU with IMSI attach





Else





DETACH Request or GUTI Reallocation





If MME wants UE to use CSFB instead of VoLTE





Upload [Selected AS capabilities, at least FGI Bits 9 and 27, optionally frequency band capability]





Either:


Extension of UE CAPABILITY INFO INDICATION (plus rules when it shall be uploaded). Applies to E-UTRAN.


Or:


New procedure. 




















UE AS Capability acquisition





Attach/TAU Procedure





Attach/TAU Request [NAS: SRVCC to UTRAN/GERAN]





IMS





VLR





MME





UE





eNB





Combine TAU with IMSI attach





DETACH Request or GUTI Reallocation





MME uses available info to decide how to initially set IMS PS Voice supported indication e.g.


SRVCC enabled; and


IMS roaming agreement etc preference = PS only)




















MME parse ASN.1 encoded AS capabilities and if UE is e.g.


SRVCC enabled; and/or


Support VoIP frequency band(s)


Set IMS PS Voice supported indicator to TRUE


If not, then MME may want to force UE to use CSFB instead, depending on operator policy.




















Attach/TAU Request [NAS: SRVCC to UTRAN/GERAN ; AS: FGI Bits 9 and 27, optionally frequency band capability]





IMS





VLR





MME





UE





eNB





Combine TAU with IMSI attach or disable E_UTRA and move to GERAN/UTRAN





Continue using IMS PS Voice





If UE decides to use CS domain instead of IMS PS voice





Attach/TAU Procedure











If MME wants UE to use CSFB instead of VoLTE





MME uses available info to decide how to initially set IMS PS Voice supported indication e.g.


SRVCC enabled; and


IMS roaming agreement etc preference = PS only)




















UE CAPABILITY INFO INDICATION [at least E-UTRAN AS capabilities]





eNB





UE AS Capability acquisition





Attach/TAU Procedure





Attach/TAU Request [NAS: SRVCC to UTRAN/GERAN]





IMS





VLR





MME





UE





eNB





Mandated to happen ASAP











Else





If UE decides to use CS domain instead of IMS PS voice





Continue using IMS PS Voice





Combine TAU with IMSI attach or disable E_UTRA and move to GERAN/UTRAN





If UE 


Is SRVCC enabled (regardless of network planning); and


Has IMS roaming agreement etc


..


Set IMS PS Voice supported indicator to TRUE


If not, then MME may want to force UE to use CSFB instead, depending on operator policy.




















UE





MME





VLR





IMS





Attach/TAU Request [NAS: SRVCC to UTRAN/GERAN]





Attach/TAU Procedure
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