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 UE E-UTRA capability acquisition in rSRVCC
1 Introduction
In previous discussions on rSRVCC, the size of UE E-UTRAN RAC restricts its transmission via radio interface and some other solutions had been discussed. 
· In [1], it was proposed to notify the target eNB of some supported E-UTRA freq/bands based on measurement report from the MS in GERAN instead. But this solution violates of the source adapts to target principle and it’s not agreed in RAN2[2].
· In [3], it was proposed to provide E-UTRAN INTER RAT HANDOVER INFO to target eNB transparently through the core network. Since the solution has obvious impact on many specifications, it’s still waiting for the evaluation from other working groups.

In the recent reply LS from RAN2[4], it’s agreed that RAN2 can provide solution to ensure that the UE E-UTRA capability does not exceed the limitation of GERAN. Within the limitation, it’s applicable to transfer the UE E-UTRAN RAC via GERAN radio interface.

In this contribution the proposed solution via radio interface [5] in previous meeting will be analyzed again considering the possible impact on GERAN.
2 Solutions review 
In [5], two solutions were proposed to transfer the UE E-UTRAN RAC via radio interface,
1. BSC reuses the classmark interrogation procedure to enquiry E-UTRAN RAC. 

2. MS sends the E-UTRA RAC when the early classmark sending indicator is valid

Details are described as follows.
2.1 classmark interrogation
Currently the classmark interrogation procedure allows the network to request additional classmark information from the mobile station. The network initiates this procedure by sending the CLASSMARK ENQUIRY message on the main DCCH when necessary. In the CLASSMARK ENQUIRY message, it’s indicated the specific classmark information to be returned. When the MS receives this message, it will return the corresponding CLASSMARK CHANGE message (CLASSMARK CHANGE, UTRAN CLASSMARK CHANGE, CDMA2000 CLASSMARK CHANGE and GERAN IU MODE CLASSMARK CHANGE messages) as indicated.
For a multi-RAT MS, this procedure allows the network to request INTER RAT HANDOVER INFO or CDMA2000 MS Capability information and/or GERAN Iu mode MS radio capability.
When such a procedure is applied in E-UTRAN RAC enquiry, there is no need to active this procedure for every dedicated connection since such an E-UTRAN RAC transmission is only used in an rSRVCC handover scenario. The proper time to initiate the E-UTRAN RAC enquiry procedure is showed in the figure 1.

· When the BSC decides to perform rSRVCC handover according to the measurement, the BSC should check if E-UTRAN RAC is available in BSC side. 

· In the DTM mode, the E-UTRAN RAC can be informed to the BSC from the SGSN and there is no need to initiate the enquiry procedure.

· If E-UTRAN RAC is not available, the BSC sends the CLASSMARK ENQUIRY message to MS for E-UTRAN RAC.

· Then MS responses with an E-UTRAN CLASSMARK CHANGE message containing the E-UTRAN RAC.

 When the E-UTRAN RAC is received, it will be filled into the source to target container and sent to the MSC in the HO required message.
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Figure 1 SRVCC to E-UTRAN from GERAN
2.2 Early Classmark Sending

Early classmark sending consists in the mobile station sending as early as possible after access. In SI3 there are Early Classmark Sending Control field and 3G Early Classmark Sending Restriction field to indicate the corresponding early classmark sending is allowed or not. When it’s allowed, the mobile station should send corresponding classmark change message (CLASSMARK CHANGE, UTRAN CLASSMARK CHANGE, CDMA2000 CLASSMARK CHANGE and GERAN IU MODE CLASSMARK CHANGE messages) as early as possible after access.

When it’s applied in E-UTRAN RAC transmission, it can be fulfilled like showed in figure 2.
· The BSC indicates the early classmak sending for E-UTRN RAC is allowed in the SI3.

· MS sends the E-UTRAN CLASSMARK CHANGE message containing E-UTRAN RAC to BSC.

· BSC will keep the E-UTRAN RAC when the connection is released.
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Figure 2 Early classmark sending

3 Impacts on GERAN 
3.1 Classmark enquiry

When the BSC initiates the classmark enquiry procedure during the speech connection, the related the signalling will be sent via FACCH, where a message sent via radio interface can bear about 20 octets information field.
Considering the large size of E-UTRAN RAC, such a layer 3 message (E-UTRAN CLASSMARK CHANGE) will be segmented in the data link layer and transferred via radio interface by several messages.

The transmission time between two segmentations is 120ms at least (see annex 6.1), which means one speech block in a 26-multiframe will be stolen for FACCH at most in one direction. 

· In the uplink, the FACCH frames will be used to transfer the segmentations 
· In the downlink, it will be used to acknowledge the receiving in data link layer.
When there is no retransmission in the data link layer, the transmission time for E-UTRAN RAC via FACCH is calculated in table 1.
Table 1: Transmission time for E-UTRAN RAC via FACCH
	Number of LTE bands, N
	Size(bytes)note 1
	Num of FACCH frames needed note 2
	Transmission time over FACCH note 3 

	6
	92
	5
	0.6 s

	12
	131
	7
	0.84 s

	18
	175
	9
	1.08 s

	24
	229
	12
	1.44 s

	27
	259
	-
	-

	Note 1: Source from the RAN2 reply LS[4]
Note 2: 20 bytes information field per message sent via FACCH
Note 3:120 ms between two segmentations


The rSRVCC handover is intended to be applied for the load balance, but not for the coverage. So the transmission time listed in table 1 can be acceptable for rSRVCC handover, which is insensitive to the transmission delay.

Based on the acknowledge mode in the data link layer, only one speech frame will be stolen in a 26-multiframe. the interleaving coding guarantees the quality of the speech even some speech frames are stolen. So the impact for the speech is thought to be neglected when E-UTRAN RAC is transmitted via FACCH.
3.2 Early classmark sending

Early classmark sending requires the MS sends the corresponding classmark change message as early as possible after access. There is no specific time for when to sending, but it’s believed that such an early sending will happen via SDCCH after the immediate assignment.

When E-UTRAN RAC is transferred via SDCCH, it’s also need to be segmented to several messages for transmission via radio interface considering its large size.
The transmission time between two segmentations in SDCCH is 235ms (see Annex 6.2).

When there is no retransmission in the data link layer, the transmission time for E-UTRAN RAC via SDCCH is calculated in table 2.
Table 2: Transmission time for E-UTRAN RAC via SDCCH
	Number of LTE bands, N
	Size(bytes)note 1
	Num of SDCCH frames needed note 2
	Transmission time over SDCCH note 3 

	6
	92
	5
	1.18 s

	12
	131
	7
	1.65 s

	18
	175
	9
	2.12 s

	24
	229
	12
	2.82 s

	27
	259
	-
	-

	Note 1: Source from the RAN2 reply LS[4]
Note 2: 20 bytes information field per SDCCH frame
Note 3: 235 ms between two segmentations


A MS will be allocated on SDCCH before any speech session. The more time the MS stays in SDCCH, the later the user begins a CS calling. Considering the transmission time over SDCCH for E-UTRAN RAC, the delay of CS calling will obviously degrade the user experience. 
Furthermore, as indicated in the SI, the MS will send the E-UTRAN RAC each time beginning a CS calling. The exiguous SDCCH resource will be wasted if there is no rSRVCC handover 

4 Conclusion and proposal
According to the analysis in section 3, it’s concluded that,

· Transmission of E-UTRAN RAC via FACCH has neglected impact on the speech quality. 
· Delay will be caused when transferring the E-UTAN RAC via SDCCH after the MS access and the user experience in CS call will be degraded.
So it’s proposed to reuse the classmark interrogation procedure to get E-UTRAN RAC when the BSC decides to initiate an rSRVCC handover and the related CR to be agreed in GERAN. 
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6 Annex
Protocol LAPDm is used by the data link layer on the radio interface. A layer 3 message exceeding the length of frame limitation in the data link layer will be segmented into multiple frames and transferred in acknowledged mode.

During the transmission, the number of sequentially frames that may be in unacknowledged is 1(defined in TS44.006), that is a kind of wait and stop ARQ, where the next frame will not be sent only when the acknowledgement for the previous frame is received.

The duration between two frames containing the segmentations of a layer 3 message transmitted via FACCH and SDCCH will be calculated in this annex. 
6.1 Transmission via FACCH
FACCH is a control channel associated with TCH and carried in a 26-multi frame with a length of 120ms. 

As a FACCH is transmitted on bits which are stolen in a burst from the traffic channel, the even numbered bits in the first 4 bursts and the odd numbered bits of the last 4 bursts are stolen as showed in figure A.1 and A.2, where the speech frame G is stolen by a FACCH.

[image: image3]
Figure A.1 a 26-multiframe structure for TCH/F


[image: image4]
Figure A.2 Location of FACCH in a 26-multiframe structure

When the MS sends the segmentations of a lay3 message via FACCH in the uplink, it should be acknowledged for each by the data link layer of the BSS in the downlink. Considering the time for decoding, message preparation and transmitting schedule, it’s impossible for a FACCH message sent downlink as soon as a FACCH message uplink is received. There are at least four TDMA frame separation time between uplink and downlink FACCH for preparation and scheduling as showed in figure A.3.


[image: image5]
Figure A.3 location for the FACCH 
So a segmentation of layer 3 message and its acknowledgement will be completed in a 26-multiframe at most. The duration between two segmentations is 120 ms at least as showed in the figure A.4. 

When FACCH is associated with a TCH/H, there is the same conclusion since the sub-channel is used in TCH/H and the 4 bursts are occupied for a FACCH/H.


[image: image6]
Figure A.4 the duration between two segmentations
6.2 Transmission via SDCCH
The SDCCH is the stand‑alone dedicated control channel and there are two kinds of structures for SDCCH. They are showed in figure A.5. When the D1 is used to transfer a lay 3 message, it’s obviously the duration between two segmentations are 235 ms, that is the length of a 51-multiframe. As the uplink channel and downlink channel are not synchronized, there is enough time for the message decoding and preparation.
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Figure A.5 Channel organizations for SDCCH
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