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Transporting UE-RAC and START_PS from MS to SGSN
1. Introduction

This paper analyses the impact on the PS Handover procedure in general and the RLC/MAC protocol in particular if the necessary parameters for inter-RAT/inter-mode PS Handover from GERAN to UTRAN/Iu-mode (UE-RAC and START_PS value) are to be transported to the SGSN from the MS.  
It is currently open as to which method should be used to transport the UE-RAC and START_PS value from the MS to the target BSS for inter-RAT PS Handover between GERAN A/Gb and UTRAN/GERAN Iu mode.  Two possibilities are outlined in [2]:
1. Send these parameters from the MS to the SGSN in a GMM message.  Then transfer the START_PS from the SGSN to the source BSS and store it in the source BSS Context.  

2. Send the START_PS to the source BSS from the MS upon request from the source BSS and store it in the source BSS Context.  

In both cases, the START_PS parameter and UE-RAC are stored in the source BSS Context and can be transferred to the target RNC/BSS in the RRC Container.  

2. Inter-RAT/inter-mode PS Handover Call Flow
2.1. Use of GMM Messages
The suggested call flow for transporting the START_PS and UE capabilities from [2] is shown in Figure 1 below:  
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Figure 1
Scenario 1 – Use of GMM Messages for START_PS and UE-RAC
Here the proposal is that the START_PS value and UE RAC capabilities together with the MS RAC capabilities are sent in the RAU Request and Attach Request messages.  
The transfer of GMM messages is likely to occur using RLC/MAC acknowledged mode as this is the default for a one-phase access.  Acknowledged mode is required to ensure safe delivery of the message especially as it may now consist of more than one RLC/MAC block.  
2.2. Use of RLC/MAC Control Message
For scenario 2 (RLC/MAC control message) the suggested signalling flow presented in [2] is shown in Figure 2.  In this case the source BSS must poll for the information by sending a PACKET Downlink Dummy Control Block (or similar) to the MS.  The MS then responds with an ADDITIONAL MS RAC CAPABILITIES message containing the START_PS and UE Capabilities information.  
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Figure 2
Scenario 2 – Use or RLC/MAC Control message for START_PS and UE-RAC

This approach has the advantage of only being invoked when it is really needed at PS Handover but delays the execution of the Handover.  The major implication of this approach is that an uplink segmentation mechanism is required as the size of the message is likely to be in excess of one RLC/MAC block.  
3. Comparison of the two approaches
The procedure identified in scenario 1 is somewhat wasteful of bandwidth on the Gb interface as the information has to be sent to the SGSN and then back to the BSS compared with the approach taken in section 2.2.  However, as the GMM procedures occur relatively infrequently, this is probably not of major importance.  

There is of course more information stored in the SGSN and sometimes uselessly as it is not known if a handover will occur at the time of an attach/RAU procedure.  Also the Create BSS PFC Request needs to be modified to accommodate this method.  
One of the problems with scenario 2 is that it will delay the start of the handover procedure.  Although this will not affect the PS service interruption time, the fact that measurements indicate that a handover is desirable necessarily means that radio conditions are poor and the handover should not be delayed too much.  
The ADDITIONAL MS RADIO ACCESS CAPABILITIES message is sent on PACCH as an RLC/MAC control block.  The current maximum size for an uplink RLC/MAC control message is only 1 RLC/MAC blocks.  Therefore an uplink segmentation scheme is required in order to make this work for larger messages.  
Another downside of this approach is that the exchange of information may have to occur at every handover unless the BSS can maintain the context 

UE radio access capabilities are needed in inter-mode / inter-RAT GERAN A/Gb mode PS handover in order to form the RRC container.  
4. Uplink Segmentation Scheme
4.1. Features of an Uplink Segmentation Scheme

The main features required from a segmentation scheme are:

· To send variable length control message up to a specified maximum number of RLC/MAC blocks in length over the air interface.  

· The ability for a MS to send more than one such message in parallel.  

· Selective acknowledgements and retransmissions for the different parts of the message.  

· Interworking with legacy mobiles (BSS can distinguish between old RLC/MAC control blocks and enhanced RLC/MAC control blocks)

· A mechanism for network and mobile to determine if both support the feature.  

· An acknowledgement mechanism for the network to indicate that successful receipt (or otherwise) of each of the RLC/MAC control blocks.  

4.2. Message Size

In order to determine some of the parameters of the uplink segmentation scheme (specifically the maximum number of RLC/MAC blocks in a control message) it is necessary to compute an upper bound on the size of information that needs to be carried.  
It is expected that the START_PS IE will be of similar length to the START_CS IE (as defined in TS25.331) therefore we can infer that a START_PS IE will be of similar ~20 bits.  

UE radio access capabilities are needed in inter-mode / inter-RAT GERAN A/Gb mode PS handover in order to form the RRC container.  Both the UE RAC and the UE RAC extension are required for a Release-6 mobile.  In calculating the size of these IEs the following approach has been taken:
· The mobile is fully featured for FDD (worse case information size)

· The mobile supports 4 FDD frequency bands and 4 GSM frequency bands.  

· It has no TDD capability

· It is a Rel-6 mobile

· Fields within each IE described as MD (Mandatory Default) or OP (Optional) require an extra bit to be encoded in ASN.1

These estimates are not necessarily accurate to the bit level as no analysis of ASN.1 code was performed but are expected to be quite close to the upper bound for a Release-6 FDD/GSM mobile under the assumptions stated.  

	Information Element/Group name
	Need
	Type and reference
	Semantics description
	Size

(bits/ octets)

	Access stratum release indicator
	MP
	Enumerated(R99)
	Indicates the release of the UE according to [35]. The IE also indicates the release of the RRC transfer syntax supported by the UE..
	4 bits (for Rel-6)

	
	CV-not_rrc_connectionSetupComplete
	Enumerated(REL-4,
	13 spare values are needed.
	

	
	
	REL-5
	
	

	
	
	REL-6)
	
	

	DL capability with simultaneous HS-DSCH configuration
	OP
	Enumerated(32kbps, 64kbps, 128kbps, 384kbps)
	
	3 bits

	PDCP capability
	MP
	PDCP capability 10.3.3.24
	
	31 bits

	RLC capability
	MP
	RLC capability 10.3.3.34
	
	9 bits

	Transport channel capability
	MP
	Transport channel capability 10.3.3.40
	
	55 bits

	RF capability FDD
	OP
	RF capability FDD 10.3.3.33
	
	1+4 bits

	RF capability TDD
	OP
	RF capability TDD 10.3.3.33b
	One "TDD RF capability" entity shall be included for every Chip rate capability supported.
	

	
	
	
	
	

	Physical channel capability
	MP
	Physical channel capability 10.3.3.25
	
	25 bits

	UE multi-mode/multi-RAT capability
	MP
	UE multi-mode/multi-RAT capability 10.3.3.41
	
	5 bits

	Security capability
	MP
	Security capability 10.3.3.37
	
	6 bits

	UE positioning capability
	MP
	UE positioning capability 10.3.3.45
	
	11 bits

	Measurement capability
	CH-fdd_req_sup
	Measurement capability 10.3.3.21
	
	12 bits

	Total
	
	
	
	166 bits


Table 1

Size Estimation for UE RAC
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Size (bits)

	Frequency band specific capability list
	MP
	1 to <maxFreqbandsFDD>
	
	
	3 bits

	>Frequency band
	MP
	
	Enumerated(Band I, Band II,
	Two spare values are needed
	

	
	
	
	Band III,
	
	

	
	
	
	Band VI, Band IV, Band V)
	
	3 bits

	>RF capability FDD extension
	MD
	
	RF capability FDD extension 10.3.3.33a
	the default values are the same values as in the immediately preceding IE "RF capability FDD extension"; the first occurrence is MP
	1+4 bits

	>Measurement capability extension
	MP
	
	Measurement capability extension 10.3.3.21a
	
	58 bits

(assumes 4 frequency bands for GSM and 4 for FDD)

	Total
	
	
	
	
	3 bits + 

(4 * 66) = 

259 bits


Table 2

Size Estimation for UE RAC Extension
Table 1 and Table 2 show the breakdown of the size estimation of the UE RAC and UE RAC extension as derived from [3].  Although this represents an upper bound on the sizes of UE RAC and UE RAC Extension (due to calculating the maximum number of frequency bands supported as an example) it does not include any TDD capability.  
Based on a START_PS value of 20 bits, the total size of START_PS, UE RAC and UE RAC Extension is:

20 + 166 + 259 bits = 445 bits (~56 octets)

Assuming that the ADDITIONAL MS RADIO ACCESS CAPABILITIES message is used to carry this extra information, the size of its contents must be estimated.  
For a mobile supporting inter-RAT PS Handover that is fully featured (worst case) but supporting 4 access technologies (all GSM bands have the same capabilities) this structure is ~94 bits in length plus 41 bits for the other 3 identical access technologies.  The Global TFI (6 bits) and TLLI (32 bits) add another 38 bits.  Hence the size of this message is estimated as:

94 + 41 + 38 = 173 bits (~22 octets).  
So in total ~78 octets may be required under the assumptions presented.  With 22 octets available per uplink RLC/MAC control block this means that up to 4 RLC/MAC control blocks will be required in any segmentation scheme.  

4.3. Uplink RLC/MAC Control Block Header

The currently defined Uplink RLC/MAC control block together with its MAC header is formatted as shown in Figure 3.  
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Figure 3
Uplink RLC/MAC control block together with its MAC header

It is clear from this that there are 5 spare bits in the MAC header.  A useful design goal for an uplink segmentation scheme would be not to reduce the available payload space in an uplink RLC/MAC control block.  
We require the following fields:

· RTI – to enable one MS to send several such messages in parallel

· RBSNe – Reduced Block Sequence Number extension to determine which segment of a multi-segment message this refers to.  
· FSe – Final Segment extension – indicates the final segment of a multi-segment control message.  

· Payload Type – the value of ‘10’ can be used to indicate the presence of an extended RLC/MAC control block as is currently the case in the downlink.  
Given that messages of up to 4 uplink RLC/MAC blocks may be required, RBSNe can be defined as 2 bits.  This leaves one bit for FSe and 2 bits for RTI which would allow for up to 4 parallel messages (using this new segmentation scheme) to be in progress in parallel.  

Timers also need to be defined in order to time out partly received messages in the network.  This is analogous to the functionality already defined for the mobile in the downlink segmentation scheme.  
4.4. Uplink RLC/MAC Control Block Ack/Nack
A new message needs to be defined similar in nature to the Packet Control Ack but sent from the network to the mobile with an acknowledgement bitmap.  This message should be sent at a time determined by the network to indicate which segments have been received so that the MS can retransmit segments as required.  

Details of how this mechanism might work are FFS.  It may be that the network is free to send this message whenever it likes in addition to sending it when all segments have been received.  Whether the MS can poll the network for a response is an open question.  

The message could be quite simple in nature but should include the MS identifier and the RTI to distinguish which MS and the transaction to which it is related.  

5. Conclusion

This paper has considered the impact on the PS Handover procedures of transporting the START_PS and UE RAC information from the MS to the network.  Two methods proposed in [2] for transporting this information have been analysed in terms of their impact on the PS Handover procedure and on the impact on standardisation.  
The advantages of using GMM signalling are:

· Can make use of RLC/MAC acknowledged mode transport and does not require a new uplink segmentation scheme to be standardised.  
· Minimal impact on standards (Create BSS PFC Request needs to be modified).  
· The procedure does not delay the start of the handover process.  
The advantages of the RLC/MAC Control Message approach are:

· It is only invoked when it is needed (when the PS Handover procedure is invoked)
· It has no impact on the CN.  

Both approaches are technically feasible.  However, the RLC/MAC Control message approach has by far the largest impact on standards and implementation complexity and has areas for further study.  If this approach were to be pursued it would take time and effort to design and standardise the segmentation scheme.  In addition the uplink segmentation scheme presented is limited to a maximum size of 4 RLC/MAC control blocks.  If further information needs to be sent to the network the scheme would have to be redesigned thus reducing the payload size.  
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