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1.
Introduction
This email discussion was initiated at RAN2 #64 when treating ref.[1]. The chairman stated:
In the RRC Open Issue list there are the corresponding issues:
In the latest version of 36.331, after the RAN2 #64 meeting, the capability information is largely FFS:
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This email discussion covers the handover case. Cell Change Order is included regarding the RAN acquisition of capabilities, but no UE AS capabilities are transferred/forwarded by AS. CS Fallback uses PS Handover and should thus be covered. SRVCC from E-UTRAN should be included in the discussion, since this is part of Rel-8. Other cases of SRVCC plus CSoLTE probably need not be considered.
The scope of this discussion is almost exclusively limited to interwork EUTRAN-UTRAN-GERAN, excluding cdma2000. The reason is that cdma2000 capability transfer is performed through tunneled cdma2000-messages, i.e. capabilities are not forwarded from source RAN or Core Network. Current specs do include some handling and forwarding of cdma2000 capabilities, but these were designed for the case of having a common Iu-based core network for cdma2000 and other RATs. This alternative has never been realized, so these parts are “stale” and not considered in this discussion. 
2.
Background and discussion
There are different methods for uploading the Access Stratum capabilities from the UE. 
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GERAN aspects:

GERAN handling of mobile capabilities differs considerably between CS and PS domains.

In the CS domain, the mobile sends Mobile Station Classmark 2 and Mobile Station Classmark 3 to both the BSC and MSC. In the packet domain it is the MS Radio Access Capabilities (RAC; theoretical maximum length 255 bytes, current worst case maximum 52 bytes, see 24.008 V840) which is sent in ATTACH REQUEST and ROUTING AREA UPDATE REQUEST to the SGSN and then downloaded in (almost) every Gb interface PDU to the BSC. (see 24.008 sections 10.5.5.12a, 9.4.1 and 9.4.14. See also 48.018 section 10.2.1).

UTRAN Classmark is sent from the GSM mobile to the BSC: this classmark contains INTER RAT HANDOVER INFO
The signaling bandwidth constraints were most limiting in the oldest system. This means the GERAN CS part, where UE capabilities are sent on SDCCH or FACCH. These channels have maximum bandwidths of approx. 1kb/s and 1.4kb/s per user. The Classmarks are sent in layer 2 frames of  20 bytes “higher layer” information. Each time its size increases such that another layer 2 frame is needed, it may add 235ms to the CS call setup delay. However, in release 8 and probably in release 9, there is no GSM CS to LTE handover (i.e. neither SRVCC or “CS over LTE”).
GERAN PS domain, on the other hand, has no severe message size constraints. NAS messages are normally used to upload capabilities. UTRAN capabilities are uploaded using NAS messages ATTACH COMPLETE/ROUTEING AREA COMPLETE and  the GERAN RAC is sent in ATTACH REQUEST/RAU REQUEST.

This means that the GERAN plus UTRAN capabilities are transported in two separate IEs (in separate messages) and hence the logic behind 23.401’s “255 byte storage requirement” might mean it needs to be extended to 510 bytes.

Using a very large GERAN MS RAC reduces Gb interface efficiency, because it is sent to the BSC in most Downlink PDUs, and may cause other problems – e.g. when using Gb over IP (over Ethernet) the maximum IP packet size to the end user might get constrained. 

The MS RAC informs the BSC whether the mobile supports UMTS FDD or TDD, but does not seem to indicate which UMTS frequency band is supported. The information on supported frequency bands should be sent by the SGSN to the BSS in the Inter RAT handover info IE in the Create-BSS-PFC PDU. The contents of the Inter-RAT handover IE are defined in 25.331 section 8.1.16. At PS handover, the BSS inserts the Inter RAT handover info IE into the ‘transparent container’.

With the current process the “inter-RAT handover IE” seems to be a “2G to 3G handover info IE”.  However a similar concept could be adopted for 2G to LTE handover, or, the contents of the IE could be extended.
UTRAN limitations:

UTRAN R99 signaling speed is at least 3.4kb/s, i.e. no demanding bit rate limit. 

The GERAN CS bandwidth limitations motivated a “reduced set of UTRAN capabilities” to be acquired in GERAN, with the purpose to minimize the call setup delay. The current INTER RAT HANDOVER INFO thus contains two alternative sets: ‘UE capability container’ IE or ‘UE radio access capability compressed’. 
Forwarding of AS capabilities at handover

Forwarding of AS capabilities is done mostly on AS level, through the Source To Target Transparent Container (see 36.413 V840 subclause 9.2.1.56, 25.413 V810 subclause 8.6.2). Subclause 8.4.1.2 says that this generic container shall be encoded according to one of three possible IEs :

· Source eNB to Target eNB Transparent Container IE if target is EUTRAN

· Source RNC to Target RNC Transparent Container IE if target is UTRAN

· Source BSS to Target BSS Transparent Container IE if target is GERAN

This is according to the “source adapts to target principle”.
One exception exists: handover to GERAN CS domain. This is mainly described in 48.008 V850 and 25.413 V810 (matching EUTRAN changes are not yet done).

In the direction towards GERAN CS domain, the following information is sent: 25.413 RELOCATION REQUIRED (IE Classmark2, Classmark3) maps to 48.008 HANDOVER REQUEST (Classmark2, Classmark3). The Classmarks are sent as normal IEs, since also the target MSC needs the information.
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AS capability handing principles:

In an attempt to simplify, the following can be said to be the basic methods for uploading mobile AS capabilities:

· In UTRAN and EUTRAN, UE radio access capabilities are uploaded by AS methods
· In EUTRAN, UE radio access capabilities are forwarded to the MME, in order to minimize repeated transfer over the radio interface.

· In GERAN, MS radio access capabilities are normally uploaded via NAS messages and then transferred to RAN

· Forwarding of AS capabilities at handover to EUTRAN, UTRAN and GERAN PS domain is done though the “Source RAN to Target RAN Transparent containers”
· Forwarding of AS capabilities at handover to GERAN CS domain is done via MSC. Classmarks 2 and 3 are sent as normal IEs via intermediate MSCs.
Security capabilities

Security capabilities are handled differently for EPS/EUTRAN vs UTRAN/GERAN. The UE security capability is the same in NAS and AS. NAS handles the capability information and forwards it to E-UTRAN at initial setup of S1 UE context (33.401, subclause 7.2.4.2) and at handover to E-UTRAN (33.401, subclause 9.2.2.1). 23.401, subclause 5.3.10 also describes the procedure, but less detailed. 

The Stage 3 implementation for UTRAN/GERAN has only recently covered these aspects. 24-008 V840 includes the IE ‘UE network capability’ in messages ATTACH REQUEST and ROUTING AREA UPDATE REQUEST, i.e. the messages which carry the IE ‘MS Network capability’. The ‘UE network capability’ IE comprises the EPS/E-UTRAN security capabilities and the ‘MS Network capability’ IE comprises legacy NAS security capabilities. 
GTPv2-C (29.274) forwards only ‘UE network capability’ IE to MME (carried in the ‘MM Context’).
The ‘Source eNB to Target eNB Transparent Container’, sent from the source RAT to EUTRAN and defined in 36.413, does not contain the security capability. That can be seen in the latest version 36.413 V840, which refers to “Handover Preparation Information message as defined in subclause 10.2.3 of 36.331”.
3.
Questions
Handover to EUTRAN:

1 When the UE is handed over from another RAT to EUTRAN, do we require to get full/partial/no EUTRAN capabilities? The data in points 1a and 1b below hints that the answer is “full information”.

	Company
	Comment

	Vodafone
	The extra delay for CS to LTE handover may well be a problem. However, this CS to LTE handover is  not supported in release 8 and probably not in release 9.

On the PS domain, handling a full classmark of “2G plus 3G plus LTE” capabilities seems possible provided that the 2G radio interface can separate off the 2G component from the 3G/LTE one. Limits of 255 bytes for each component may apply on 2G (and 3G) NAS signalling.

	Samsung
	We should first discuss if it is possible to perform handover to EUTRAN without any AS capabilities provided. Transferring no EUTRA capabilities prior to HO is clearly the simplest option.  

Note that , in my understanding, in UTRA the choice between compact (transfer only capabilities that are essential for HO to succeed) and non-compact is only applicable for the pre-v6x0 capabilities (don't know the exact value of x) i.e. the 'compact' approach is used for all capabilities introduced after v6x0. Current practice may have drifted somewhat from this principle, but this was clearly the intention when the approach was agreed.

	Ericsson
	We have included an estimate (it is also submitted as R2-090218). It is unclear if the constraints are acceptable. Furthermore, the definition of the 32 feature support indicators is unstable and may impact the conclusion.
We have a preference for transferring of full E-UTRAN capabilities at handover from UTRAN and GERAN.

	Nokia/NSN
	We prefer transferring full E-UTRAN capabilities.


1a Can the full EUTRAN capability be acquired with a reasonable latency, particularly in GERAN? The answer seems to be “yes”, since the typical size appears to be <200bits, at least for Rel-8 UEs. It can be noted that the theoretical maximum is >4kbit. If EUTRAN capabilities are added to the ATTACH COMPLETE message, where the UTRAN capabilities are carried, then there are no practical constraints on data transfer rate (latency) or message size.
NNSN: Note that the E-UTRAN capabilities could also be sent in the ROUTING AREA UPDATE COMPLETE message, which means that the size of the E-UTRAN capabilities will have an impact on the RAU delay.

1b Do we continue with the “source adapts to target” principle? This implies that each RAT shall provide one of 
- “25.413 Source RNC to Target RNC Transparent Container: 25.331 INTER RAT HANDOVER INFO WITH INTER RAT CAPABILITIES”, 
- “48.018 Source BSS to Target BSS Transparent Container: 24.008 MS Radio Access Capability” or 
- “36.413 Source eNB to Target eNB Transparent Container: 36.331 AS-Context: UECapabilityInformation”,
depending on the target RAT. The answer seems to be “yes”, since the current RAN3 design is already built that way and it appears that GERAN has agreed (to LS R3-083540).

NNSN: Yes, we believe that the principle of “source adapts to target” should be retained – We need to agree what goes in those containers.

2 If we agree that the answer to question 1 is “full information”, do we still need some text corresponding to 25.331 subclause 8.1.16 to describe how the UE provides the capability information? Or is it sufficient to follow the old principle (the UE assembles the capability information for RATx using the same format as it would use in RATx) stated in the source RAT RRC spec?
	Company
	Comment

	Vodafone
	Tracking down how this functionality works is complex (takes several hours), so a good description somewhere would probably be useful. 

	NNSN
	Certainly some changes will be needed in 36.331. However one difference between UTRAN and E-UTRAN is that (at present) for E-UTRAN the information transferred over the network interfaces is the same information provided by the UE in EUTRA (UE-EUTRA-Capability), whereas in UTRAN this information is different. The INTER RAT HANDOVER INFO and RRC CONNECTION SETUP COMPLETE has differing capability information. We believe some update in the existing section should be enough, but we do not think that there is a need to differentiate E-UTRA Capability that is sent on E-UTRAN against E-UTRA capability that is sent on another RAT. 
Also according to 33.401 LTE security capability will be transferred to the MME in NAS messaging (TAU, RAU and ATTACH Request) and not in the transparent container. Hence some update in the existing sections could be enough. 


3 If the answer to 1 is “not full information”, then do we need to specify as in 25.331:
- include two alternative capability IEs: one complete and one ‘compressed’ (alternatively ‘empty’?) (See subclause 10.2.16d)
- add procedural text for the use of these IEs (see subclause 8.1.16.3)
Other proposed solutions (if this alternative to question 1 is preferred)?
	Company
	Comment

	
	


4 Anything more needed for SRVCC? (This question was not explicitly included in the email scope, so maybe it can be handled afterwards)


	Company
	Comment

	Vodafone
	Currently SRVCC is just from PS to CS.  So, nothing more needed at the moment?

	NNSN
	We don’t see anything special at the moment.


Handover from EUTRAN:
5 Do we acquire full GERAN/UTRAN capabilities in EUTRAN?
There is no hard bandwidth or size limitation in EUTRAN and the logic/testing is simplified if full capabilities are always uploaded. On the other hand the currently existing alternative in INTER RAT HANDOVER INFO could be re-used while in EUTRAN, with only small additional specification effort (one bit in UEcapabilityEnquiry or in broadcast to inform if ‘compressed capability’ is requested). 
Are all target UTRAN capable of receiving full capabilities?
	Company
	Comment

	Vodafone
	We should not forget handover from 2G to EUTRAN followed by the need to hand back to 2G (or on  to 3G)

	NNSN
	For UTRAN capability:

The INTER RAT HANDOVER INFO should be transferred.  The main reason for introducing compressed capabilities was the capacity limitations of the control channels in GSM. As these limitations are not present in E-UTRAN, it is proposed for the UE to always send full UTRAN capabilities when in E-UTRAN. We also believe the handling of START values should be the same as a HO from GERAN in that the START values are not changed even though new keys have been taken into use. This will simplify both specification and implementation. 


For GERAN capability:
When the eNB enquires about GERAN UE capabilities, it should be able to distinguish between the CM2, CM3 and MSRAC to send in the relevant transparent containers depending on either PS Handover (“Source BSS to Target BSS Transparent Container” only contains MS RAC) or SR-VCC (the HANDOVER REQUEST message defined in 48.008 contains only CM2 and CM3). Currently in 36.331 the IE for GERAN is defined as one OCTET STRING so it is not clear how eNB will be able to differentiate the different classmarks and MS RAC. Thus we propose to split the RAT-Type ‘geran’ to ‘geran-ps’ and ‘geran-cs’ so that eNB can distinguish classmarks and MS RAC easily. An additional advantage is that, if only the MS RAC is needed, the amount of information to be transferred would be reduced. This would be the case, for example, for terminals supporting only PS services (which are expected to be more common for LTE, e.g. dongles), which will never need to provide CM2 and CM3.

Please see below:
UECapabilityInformation-r8-IEs ::=
SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF SEQUENCE {


rat-Type






RAT-Type,


ueCapabilitiesRAT-Container


OCTET STRING,


...

}

RAT-Type ::=




ENUMERATED {










eutra, utran, geran, cdma2000-1xrttBandClass,










spare4, spare3, spare2, spare1, ...}
Thus our proposal is to split RAT type for GERAN into geran-cs and geran-ps. For geran-cs capability, we also propose to concatenate CM2 and CM3 into one OCTET STRING because they are always sent together (CM2 is fixed size, so it can be easily separated from CM3).
RAT-Type ::=


ENUMERATED {







eutra, utran, geran-ps, geran-cs, cdma2000-1xrttBandClass,







spare3, spare2, spare1, ...}


General:

6 Do all RATs need to handle the case of partial or “lost” capabilities, where previously uploaded capabilities must be “refreshed”? The answer appears to be “yes”, since 23.401 states that CN need only keep UE capabilities up to 255 octets size. Also, the UE may move around in “pre-rel-8” parts of the CN and then the Rel-8 capabilities might be lost (uncertain).
	Company
	Comment

	Vodafone
	The 255 octet value can be increased if there is a need to do so – The intention of the value was to be “future proof”. The above analysis shows that 510 might be a more correct number.

I guess that the main issue with “lost capabilities”, is “how does the target RAT know that some have been lost? If it cannot determine that some have been lost, then, it may systematically have to retrieve the capabilities from the mobile.

	NNSN
	Yes, this possibility should be allowed, otherwise the source RAT would be forced to provide inter-RAT capabilities for all RATs during handover, and this is something that should not be mandated. Adding the possibility to request missing capabilities will also provide more flexibility, making it possible for the operator to choose whether the inter-RAT capabilities should be requested in the source RAT or in the target RAT, and also whether the capabilities should be provided by the UE at call set-up or could be requested while in active mode. Also the case of the user moving in “pre-rel-8” parts of the CN is quite a critical one and should be solved.

Note that for GERAN and UTRAN this possibility already exists today, so it is natural to re-use the existing solution.


7 Should we update 25.992 or 36.300 to describe the mechanisms and mapping of ‘RRC containers’? Or will this be sufficiently clear from reading S1/Iu/Gb-specs plus relevant RRC specs?
	Company
	Comment

	Samsung
	Yes, this should be documented. Preferably in 36.300


8 Anything more needed for SRVCC? Separate container towards CS domain generated by EUTRAN? (This question was not explicitly included in the email scope, so maybe it can be handled afterwards)

	Company
	Comment

	Vodafone
	This may have been handled by a separate set of LSs between R3 and SA2 – or was that just for UMTS PS to 2G/3G CS?

	NNSN
	See answer to Question 5.


3.
Summary
The discussion has not been active enough to firmly claim that there are any agreements. The following is the status:
a Regarding the definition of UECapabilityInformation there is probably an agreement. NSN/Nokia/Ericsson is bringing a CR. It is similar to the one presented by HTC (R2-086543), but with split of GERAN CS- and PS-capabilities, in order to handle the SRVCC case

b Two companies expressed a preference for having full EUTRAN radio access capabilities provided from source at handover (as compared to “none” or “compressed” capabilities). One expressed a preference for having the possibility of “no EUTRAN capabilities” from the source. If  capabilities are needed, then GERAN and/or CT1 must be involved. (UTRAN specs are already prepared)
c Some uncertanties have been resolved, but there are still several issues to be discussed. A draft CR to 36.300 is provided, which adds information regarding handling of containers and capabilities, similar to what is found in 25.992. Some issues to be discussed are:

d In case the “InterNode-Message” construct present in 36.331-840 shall remain, then two levels of nesting needs to be shown in the CR. But what is the need for this construct?
e 25.331 seems to refer to the 36.331 “HANDOVER COMMAND” message and not the 36.331 RRCConnectionReconfiguration, i.e. "one container level down". This differs from GERAN, which explicitly points at the RRCConnectionReconfiguration message. What is really gained by having this intermediate “HANDOVER COMMAND” message level? Isn’t the desired embedded handover message a to be ‘DL-DCCH-Message’?
f S1 currently points directly at UECapabilityInformation, and not at the “envelope message” UE RADIO ACCESS CAPABILITY INFORMATION. 10.2.4 is thus without use now. We can either delete 36.331 subclause 10.2.4 or change 26.413 reference. What do we prefer? (this issue depends on decision on issue a above)
g 43.129 is updated for E-UTRAN, but 43.055 is not. Unclear if that is intentional, i.e. if combined CS/PS Handover (combined SRVCC + PS HO) is not supported in Rel-8. Has that been decided?

h For DTM HO to GERAN there are two different Source to target containers. The CS ‘Old BSS to New BSS’ and the PS ‘Source BSS to Target BSS’ containers. The PS one contains 25.331 INTER RAT HANDOVER INFO WITH INTER RAT CAPABILITIES but the CS one 25.331 INTER RAT HANDOVER INFO. So the CS one only holds the UTRAN capabilities, while the PS holds all RAT capabilities. Is this intentional? Why?

i 23.216 V800 has one transparent container, not two (CS and PS parts), both in HANDOVER REQUIRED and HANDOVER COMMAND messages. Seems not to be updated to cope with the GERAN case. Note that the arrangement of the two forward and the two reverse direction containers is not agreed in RAN3 yet. It seems that the reverse container can be single. Is this because combined CS/PS is not supported and the single container is intended to have different uses for SRVCC and PS HO? Or is it simply because the work isn't completed yet?

j GERAN is currently not prepared for PS Handover to E-UTRAN, in the sense that there are no mechanisms to acquire E-UTRAN radio access capabilities.. Possible solutions are: (a) 24.008 is updated to acquire the E-UTRAN RA capabilities in a similar way as it is done for UTRAN or (b) some GERAN mechanism (perhaps similar to 44.018 CLASSMARK ENQUIRY/CHANGE and/or 44.060 ADDITIONAL MS RADIO ACCESS CAPABILITIES) is designed or (c) Handover to E-UTRAN with only default capabilities is allowed. We need to await GERAN/CT1 decision
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Inter RAT mobility


UE capability transfer upon handover to E-UTRA i.e. can the target eNB start the connection by using the default configuration. If not, which are the ‘essential capabilities’ required to start the connection, how are they transferred in other RATs and how to specify this (e-mail)


PDUs


Detailed issues related to message contents , including the parameters configured by RRC (L1, L2, idle mode):


What is the precise format to be used for the inter-RAT capabilities transferred on the EUTRA radio
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		UECapabilityInformation field descriptions



		ueCapabilitesRAT-Container


Container for the UE capabilities of the indicated RAT. The encoding is defined in the specification of each RAT:


For E‑UTRA: the encoding of UE capabilities is defined in IE UE-EUTRA-Capability.


For UTRA: the encoding of UE capabilities is defined in IE [FFS] TS 25.331 [19].


For GERAN: the encoding of UE capabilities is defined in IE [FFS] [24.008 and/ or 44.018; FFS].


For CDMA2000-1xRTT Bandclass: the encoding of UE capabilities is defined in IE [A.S.0008;  FFS]





Editor's note:
The structure of the CDMA2000-1xRTT Bandclass is specified in A.S.0008 but the information to be included will be captured in FFS PP2 spec.



