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Discussion on Transfer of UE E-UTRA capabilities in GERAN for rSRVCC
1. Introduction

This contribution discusses the provision of UE E-UTRA capability information from GERAN to E-UTRAN for rSRVCC. The issue has been debated during the last months with LS exchange between RAN2 and GERAN2 [1],[2],[3]. In response, GERAN2 received the LS [4] at the previous meeting.

This contribution provides an updated investigation related to [6] of aspects raised in the previous LS from RAN2 [4].

2. SOLUTION PROPOSED BY RAN2

GERAN2 had asked RAN2 in [3] if a solution based on sending shortened / incomplete UE E-UTRA capabilities at inter-RAT handover from GERAN CS to HSPA/E-UTRAN PS is acceptable. RAN2 indicated in their reply [4] that a solution based on sending UE E-UTRA Rel-9 capabilities is an acceptable solution with a subsequent UE classmark enquiry procedure in E-UTRA to retrieve the residual UE capabilities (Rel-10+). Actions were given to GERAN2 to consider the issues inherent to this solution, namely to provide feedback on the two raised issues: 

· In case UE E-UTRA capability is sent during the CS call setup procedure, this procedure may introduce the additional delay during call setup in GERAN．
· In case UE E-UTRA capability is sent while the CS call is ongoing, this procedure may introduce interruption on voice call in GERAN.
3. TyPICAL UE E-UTRA CAPABILITY SIZES

The LS from RAN2 [4] indicates also the range of expected Rel-9 UE E-UTRA capability message sizes in Table 1 in Annex of [4] which is reproduced below.

	Number of LTE bands, N
	Size(bytes)

	6
	92

	12
	131

	18
	175

	24
	229

	27
	259


Table 1: Size evaluation for Rel-9 UEs [4].
Typical UE E-UTRA capability sizes for transferring Rel-9 UE E-UTRA capabilities are well below the maximum size of 255 bytes as indicated by RAN2 in [4]. From table 1 it can be seen that for various configurations the UE E-UTRA capabilities IE size is significantly below the maximum size of 255 bytes. For instance if the number of supported LTE bands is 12 then only 131 bytes are required to be sent which fit into 7 radio blocks. This case of 12 supported LTE bands is considered below as a more typical case what can be expected for the size of UE capabilities in live networks.
4. SOLUTIONS IN GERAN ALIGNING TO SOLUTION PROPOSED BY RAN2
In this section some of the solutions discussed during GERAN#58 [6],[7] are referred to, which align to the RAN2 proposed solution of sending shortened, i.e. Rel-9, UE capabilities in GERAN. In addition further improvements are discussed.
4.1 Early Classmark Sending

If the network supports the specified procedure in TS 44.018 for transfer of UE capabilities after channel request, namely the Early Classmark Sending procedure, the MS needs to send a CLASSMARK CHANGE command which is delivered with L2 acknowledgement to the BSS. 
For an assumed maximum message length for UE E-UTRA capability information of 255 bytes and the message being sent at call setup on the SDCCH/8 this requires int(255/20)= 13 radio blocks (20 bytes of information are delivered per 235.4 ms BCCH multiframe). Hence the overall additional call setup delay of sending 255 bytes for the required UE E-UTRA capabilities is approximately 13* 235.4 ms = 3060.2 ms, which is considered likely to impact on voice quality user perception, since generating considerable additional call set-up delay.
Assuming more typical UE E-UTRA capability sizes as indicated by RAN2 in Table 1, the overall additional call setup delay can be further reduced, in the case of 12 supported LTE bands to around 7* 235.4 ms = 1647.8 ms, which is still too high. 

4.2 Classmark Enquiry

If the network does not support the Early Classmark Sending procedure, the Classmark Enquiry procedure is used. For maximum UE capability size of 255 bytes, 13 radio blocks are needed which are sent during the call over FACCH in acknowledged mode delivering 20 bytes per radio block. Hence maximum 13 radio blocks are stolen from speech in a time interval of 13*140 ms = 1820 ms due to acknowledgements for I frames in LAPDm (window size 1, see TS 44.006). This depicts a mean FER of 14 %. Even if this is significant, comprehensibility of speech is still maintained, as most of the speech codecs allow for comprehensibility up to 20% speech frame loss as can be seen from Annex D in [5], where DMOS ～2.0 for FER around 15 % for various AMR codec modes. Due to the temporary character of the speech frame loss (time interval less than 2 s and this interval only appearing once compared against SMS messages during a call being the context of the evaluation in [5]), this is considered as generally acceptable for the user. An interruption of the voice call, as mentioned in the RAN2 LS [4] is there against not required as the signalling information is sent inband. 
Assuming more typical UE E-UTRA capability sizes as indicated by RAN2 in Table 1 (i.e. for the case of 12 supported LTE bands), the speech frame loss of around 14% during the call in this case will only happen during a time interval of 7*140 ms = 980 ms, which is considered as acceptable for the user, given that the degradation occurs only once. 
4.3 Usage of TCH/F in signalling only mode for call setup signalling 
When employing the Early Classmark Sending procedure to transfer the UE EUTRAN capabilities as depicted in section 4.1, the usage of the TCH/F in signalling only mode needs to be selected in order to speed up the call setup signalling. The FACCH is operated in acknowledged mode with window size 1 and has a round trip time of around 140 ms. As depicted in section 4.2 the additional call set up delay due to UE capability transfer is around 1820 ms in case of UE capability size of 255 octets and around 980 ms for the more typical UE capability size of 131 octets. In order to achieve this, the MS needs to inform the network during call set-up, both in case of mobile originated and terminated call, that it is capable of rSRVCC and thus requests a TCH/F in signalling only mode first before the TCH carries speech data. The modification is done by signalling a distinct establishment cause in the CHANNEL REQUEST message. Table 9.1.8.1 of TS 44.018 is reproduced below.
==== Extract from TS 44.018 =====
Table 9.1.8.1: CHANNEL REQUEST message content

	MS codes According to Establishment cause:

	bits
8 .... 1

	101xxxxx
	Emergency call

	110xxxxx
	Call re-establishment; TCH/F was in use, or TCH/H was in use but the network does not set NECI bit to 1

	011010xx
	Call re-establishment; TCH/H was in use and the 
network sets NECI bit to 1 

	011011xx
	Call re-establishment; TCH/H + TCH/H was in use and the network sets NECI bit to 1

	100xxxxx
0010xxxx
0011xxxx
0001xxxx
	Answer to paging 

See Table 9.1.8.2.

	111xxxxx
	Originating call and TCH/F is needed, or originating call and the network does not set NECI bit to 1, or procedures that can be completed with a SDCCH and the network does not set NECI bit to 1. Note

	0100xxxx
	Originating speech call from dual‑rate mobile station when TCH/H is sufficient and supported by the MS for speech calls and the network sets NECI bit to 1. See note 5

	0101xxxx
	Originating data call from dual‑rate mobile station when TCH/H
is sufficient and supported by the MS for data calls and the network sets NECI bit to 1. See note 5

	000xxxxx
	Location updating and the network does not set NECI bit to 1. See note 2c.

	0000xxxx
	Location updating and the network sets NECI bit to 1. See note 2c.

	0001xxxx
	Other procedures which can be completed with an SDCCH and the network sets NECI bit to 1.
See note 1

	011110xx
01111x0x
01111xx0
	One phase packet access with request for single timeslot uplink transmission; one PDCH is needed.

	01110xxx
	Single block packet access; one block period on a PDCH is needed for two phase packet access or other RR signalling purpose.

	01100111
	LMU establishment, see note 2

	01100xx0
	Single block MBMS access; one block period on a PDCH is needed for transfer of MBMS SERVICE REQUEST message.

	01100x01
01100011
	Reserved for future use

note 2a

	01111111
	Reserved, see note 2b


NOTE 1:
Examples of these procedures are: IMSI detach, Short Message Service (SMS), Supplementary Service management, Location Services, sending of application-specific data.

NOTE 2:
If such messages are received by a network, an SDCCH shall be allocated.

NOTE 2a:
If such messages are received by a network, an SDCCH may be allocated.

NOTE 2b:
This value shall not be used by the mobile station on RACH. If such message is received by the network, it may be ignored. The value is used by the network to answer to a 11 bits EGPRS Packet Channel request.

NOTE 2c:
If the MS is Location Updating as part of a CS Fallback Mobile Originating call setup then the MS shall instead use the appropriate Originating call Establishment cause value. If the MS is Location Updating as part of a CS Fallback for other Mobile Originating services (e.g. USSD or Location Services) then the MS may either use the Establishment cause for the other service or the Establishment cause for Location Updating. If the MS is Location Updating as part of a Mobile Terminating CS Fallback procedure then the MS shall instead use the appropriate Answer to paging Establishment cause value as specified below Table 9.1.8.2.
==== End of Extract from TS 44.018 =====
As can be seen three undefined code points exist in the establishment cause and hence one code point can be dedicated to indicate call setup of an MS supporting rSRVCC:
	01100001

	TCH/F in signalling only mode for call establishment requested by MS supporting reverse SRVCC from GERAN to HSPA/E-UTRAN

	01100101

01100011
	Reserved for future use
note 2a


By employing the TCH/F in signalling only mode the entire call setup signalling is accelerated rather than the transport of the UE capabilities alone. Since round trip time of FACCH is much shorter than on SDCCH/8 (around 140 ms compared to 235,4 ms) the entire call setup signalling can be done in about 60% of the time. For instance assuming a call setup signalling delay of 1 sec on SDCCH/8, the signalling on TCH/F would need only 600 ms, and hence the additional call set up delay of 1820 ms is reduced to 1420 ms for maximum UE capability size of 255 octets whilst 580 ms for the more typical UE capability size of 131 octets. For assumed call setup delay of 2 sec (with more retransmissions) the delay is reduced by 800 ms and hence the additional call setup delay can be reduced to 1020 ms/180 ms for maximum/typical UE capability size. Taking the impact into account related to additional overall call setup delay it is believed that this is either not perceivable for the user or only contributing a low, non-critical part to the overall call setup delay. 
4.4 Further Improvements

Aside the usage of the TCH in signalling only mode for speeding up the call setup signalling further improvements can be obtained by slight modifications of the LAPDm protocol. For instance the round trip time of 140 ms can be shortened by allowing a window size higher than 1, which currently limits the throughput on FACCH. Also other transmission schemes on FACCH need to be evaluated to allow for higher throughput. This is worth to be considered since there may be several cases where an update of the UE capabilities needs to be quickly provided by the UE in idle or connected mode to the network. A reference point for such optimization could be the continuous usage of the FACCH allowing a bit rate of 9.6 kBit/s.   
5. Conclusion
The present contribution investigates the raised questions from RAN2 on the impact to voice quality due to additional call setup delay by transfer of the UE EUTRAN capabilities employing the Early Classmark Sending procedure or the impact on voice call quality due to the Classmark Enquiry procedure. In order to avoid significant additional call set up delay for the case that call setup signalling is done on SDCCH/8 or any impact to ongoing speech call, it is proposed that the MS requests a TCH/F in signalling only mode at RACH access. Adopting the option of performing the UE E-UTRA capability signalling as part of the call setup signalling on TCH/F in signalling only mode and thereafter switching the traffic channel to speech data delivery, the additional call setup delay can be considerably reduced to around 1 to 1.4 s in case of maximum UE capability size of 255 octets and to around 0.6 to 0.2 s in case of a more typical UE capability size. It is believed that this is either not perceivable for the user or only contributing a low, non-critical part to the overall call setup delay. It is further believed that this is worth to be considered for further investigation since there may be several cases where an update of the UE capabilities needs to be quickly provided by the UE in idle or connected mode to the network. 
The sourcing company intends to contribute such improvement in the next GERAN meeting and encourages other vendors to do similar investigations in order to identify a viable signalling mechanism for transferring UE EUTRAN capabilities from GERAN to HSPA/E-UTRAN based on the solution proposed by RAN2. 
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