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1. Introduction

When a GERAN network is shared between several core network operators (PLMNs), the GERAN BSS must be able to route data to/from a mobile station from/to the appropriate core network. To this end the PLMN selected by a mobile station need to be indicated to the BSS. A NAS solution was recently agreed in CT1 for the CS domain, and a decision was reached at GERAN#52 to define a solution at layer 2 [6]. The previous version of this contribution [4] and the alternative proposal [5] seen at GERAN#52  already discarded the proposal from CT1 to use a spare bit in the RLC/MAC header of RLC/MAC blocks which is not considered anymore by the sourcing company. 
This contribution is an update to [4] from GERAN#52, containing the TLLI-based approach and a possible alternative using PFI. These are proposed as alternatives to [5] for they require less overhead.
2. BAckground
2.1 Selected PLMN Index
A GERAN cell supporting Full MOCN broadcasts a list of the PLMNs sharing the cell. The use of Full MOCN in a cell can be directly inferred from the presence of this list. Given the size of a PLMN ID is large (up to 20bits) its inclusion on the radio interface is rather costly, in particular when piggy-backed within RLC/MAC blocks for data transfer.
Therefore an index into the list of PLMNs broadcast by the BSS could safely be used instead; a 3-bit index is sufficient for this purpose. It could be defined such that the n-th index points to the n-th PLMN ID in the list. This association will have to be defined in GERAN specifications and followed strictly by the mobile station while the BSS must then ensure that the PLMN IDs broadcast in a cell remain in the same order.

3. Use of FOreign and RANDOM TLLI
As per existing requirements [2]§4.7.1.4.1 if a mobile station needs to send a [GMM] ATTACH REQUEST message or a [GMM] ROUTING AREA UPDATE REQUEST message, it must use a foreign TLLI (if it has a Valid PTMSI) or a random TLLI (if it has no valid PTMSI).

When the mobile station uses a local TLLI, the selected PLMN Index is not sent.

The TLLI is used on both the Um interface (RLC/MAC) and on the Gb interface (BSSGP) to identify a mobile station. The structure of the TLLI is given in [3], duplicated below.
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	Type of TLLI
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	T
	T
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	T
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	T
	T
	Foreign TLLI
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	1
	R
	Random TLLI

	0
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	1
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	0
	1
	1
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	X
	Reserved

	0
	1
	0
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	X
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	0
	0
	0
	0
	G
	G
	Part of the assigned G-RNTI

	0
	0
	0
	1
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	R
	Random G-RNTI 


Table 1. TLLI Structure
'T', 'R', 'A' and 'X' indicate bits which can take any value for the type of TLLI. More precisely, 'T' indicates bits derived from a P-TMSI, 'R' indicates bits chosen randomly, 'A' indicates bits chosen by the SGSN, 'G' indicates bits derived from the assigned G-RNTI and 'X' indicates bits in reserved ranges. The ‘T’ bits contain bits 29-0 of the P-TMSI.

As can be seen in the table, two types of TLLI are Reserved, in particular the type with bits 31-29 equal to ‘0 1 0’. It is thus proposed to use this reserved format on the Um interface to define two new formats for the Foreign TLLI and the Random TLLI alongside which the Selected PLMN Index would be provided in the RLC/MAC block. 
The new formats proposed for the Foreign TLLI and Random TLLI are shown in the table below. 
	TLLI Structure
	Type of TLLI
	TLLI Extension
	Selected PLMN Index

	31
	30
	29
	28
	27
	26-0
	
	1
	0
	2
	1
	0

	0
	1
	0
	0
	T
	T
	Foreign TLLI
	T
	T
	S
	S
	S

	0
	1
	0
	1
	0
	R
	Random TLLI
	N/A
	N/A
	S
	S
	S


Table 2. TLLI Structure
It should be noted that a Foreign TLLI must contain 30 bits of the P-TMSI as defined in 23.003 (bits 29-0 as described above). Thus with the format above, only 28 bits of the P-TMSI can fit in the TLLI field (bits 29-2 of the P-TMSI), thus a TLLI Extension is required so the bits 1-0 of the P-TMSI can be provided, as depicted above.  Furthermore, it is necessary to define a TLLI Extension separate from the TLLI field itself given the different bit-mapping conventions between GPRS and EGPRS RLC/MAC blocks, so that the BSS can properly decode the TLLI field.  

With the above, the uplink RLC data blocks need to be changed as illustrated below for GPRS. The very same change is required for EGPRS. Not only does this provide a a consistent indication across all different data blocks it also leaves the spare bits in (RLC/)MAC headers intact and available for future use.
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Payload type
	Countdown Value
	SI
	R
	MAC header

	spare
	PI
	TFI
	TI
	Octet 1

	BSN
	E
	Octet 2

	Length Indicator
	M
	E
	Octet 3

	…
	

	Length Indicator
	M
	E
	Octet M

	TLLI
	Octet M+1

	
	…

	
	Octet M+4

	PFI
	E
	Octet M+5

	spare
	spare / 
TLLI Extension
	Selected PLMN Index
	E
	Octet M+6

	RLC Data
	Octet M+7

	
	…

	
	Octet N

	Spare
	(if present)


Figure 3. Addition of the Selected PLMN Index in the GPRS Uplink RLC Data block
The new TLLI formats proposed above for the Foreign and Random TLLIs are for use on the Um interface, in RLC data blocks. In RLC/MAC control messages that require a TLLI (i.e. during contention resolution), the existing format will be used. On the Gb interface, the existing formats will also be used, thus leaving the BSSGP protocol unaffected. I.e. the changes are local to GERAN.
The relation between the proposed formats and the existing formats is made with a direct correspondence between the proposed Foreign TLLI format (including the “T” bits in the TLLI Extension) and the existing Foreign TLLI format and between the proposed Random TLLI format and the existing Random TLLI format; the “T” bits of the new format correspond to the “T” bits in the existing formats; the “R” bits of the new format correspond to the “R” bits in the existing formats. 
4. use of the PFI field

A MS can use the PFI field either in the RLC/MAC data block carrying signaling message or in the RLC/MAC control message used for establishing the TBF for sending a signaling message.
If the TBF is for upper layer signaling transfer, the MS which supports FULL MOCN, irrespective of the support for the PFC procedures, uses the PFI to indicate the PLMN it has selected. The pre-defined PFC value for “Signaling” (i.e., PFI=1) is used for indicating the selected PLMN ID is the PLMN-id broadcasted in SI3/SI4 message (i.e., the Common PLMN-Id). Four new PFI values are used to indicate the index to the PLMN-Id selected from the multiple PLMN-ID list broadcast by the network.
The four PFI values can be used from the set of values which are currently reserved [2]:

	PFI

7 6 5 4 3 2 1
	Associated Packet Flow Context (if the NW supports PFC procedures)
	Index to the PLMN List

	0 0 0 0 1 0 0
	Signaling
	1

	0 0 0 0 1 0 1
	Signaling
	2

	0 0 0 0 1 1 0
	Signaling
	3

	0 0 0 0 1 1 1
	Signaling
	4


Alternatively, the four PFI values could also be reserved from the set of dynamically assigned values [2] (In this case, these values shall be reserved only for indicating the selected PLMN Id. A network supporting FULL MOCN shall not assign these values to an MS):
	PFI

7 6 5 4 3 2 1
	Associated Packet Flow Context (if the NW supports PFC procedures)
	Index to the PLMN List

	1 1 1 1 1 0 0
	Signaling
	1

	1 1 1 1 1 0 1
	Signaling
	2

	1 1 1 1 1 1 0
	Signaling
	3

	1 1 1 1 1 1 1
	Signaling
	4


In the above tables, ‘Index 1’ points to the first PLMN Id in the list of the shared PLMNs as broadcast by the network, ‘Index 2’ points to the second PLMN Id in the list of the shared PLMNs as broadcasted by the network and so on.

Upon reception of the PFI, the BSS then uses the indicated PLMN, for routing to the corresponding SGSN. If the BSS sends a PFI along with the data to the SGSN then the BSS shall set the PFI to value ‘1’ indicating “Signaling” before the data are forwarded – i.e. the new PFI values are not used on the Gb interface.
5. Two Phase ACCESS

It is also proposed that two-phase access be modified to allow the inclusion of the Selected PLMN Index in the Packet Resource Request message. 

As for the one phase access, the Selected PLMN Index is not used for completing contention resolution however. 

If PFI is used for indicating the selected PLMN ID, then the MS includes the PFI field in the following RLC/MAC messages: PACKET RESOURCE REQUEST, PACKET DOWNLINK ACK/NACK, EGPRS PACKET DOWNLINK ACK/NACK and EGPRS PACKET DOWNLINK ACK/NACK Type 2. The PFI value to be used will be as per the table in Section 4.
6. Comparison with the length Indicator approach

While providing the same functionality, the proposals in the present paper and in [5] are not equivalent.

The TLLI solution:

· Requires one octet overhead in uplink RLC/MAC blocks containing a TLLI to include the Selected PLMN Index and, when required, the TLLI extension.

· This solution requires new TLLI values from the pool of reserved TLLIs

· No Gb interface impact

The PFI solution:

· Requires the inclusion of the PFI field octet irrespective of the support of PFCs, in uplink RLC/MAC blocks containing a TLLI.

· This solution requires one octet overhead less vs. the TLLI solution when a PFI need to be included in the TLLI solution. It requires the same one octet overhead as the TLLI solution when no PFI need to be included in the TLLI solution. 

· This solution requires new PFIs from the pool of reserved or dynamically assigned PFIs

· No Gb interface impact

The Length Indicator solution:

· Requires a Length Indicator field (yielding 1 octet overhead) to indicate the presence of the Selected PLMN Index (yielding 1 more octet overhead) (note that the LI solution proposed to include the full PLMN ID, but this should not be necessary, as discussed at GERAN#52), in RLC/MAC blocks containing a TLLI.
· This solution requires one more octet than the TLLI solution

· This solution requires two more octets than the PFI solution, when a PFI need to be included, and one octet otherwise

· No TLLIs or PFIs are used from the reserved values.

· No Gb interface impact

While of similar complexity, the Length Indicator approach requires more overhead than any of the PFI and the TLLI solutions. It is therefore recommended that GERAN2 decides which of the PFI or TLLI solutions to select for signalling the Selected PLMN.

7. Conclusions
Should an AS solution be required for the mobile station to indicate the selected PLMN to the BSS in a Full MOCN configuration, two proposals are made in this paper which alleviates the issue with the use of the last remaining spare bit in the (RLC/)MAC headers, while offering a consistent mechanism independently of the type of RLC data block in use. 
· Different formats for the Foreign TLLI and Random TLLI are proposed to be used on the Um interface alongside which a Selected PLMN Index would be included in uplink RLC data blocks.
· New values for PFI are proposed to be used on the Um interface for which indicates the Selected PLMN Index in the RLC/MAC data and control messages.

It is also proposed that the Packet Resource Request message be modified to include the Selected PLMN Index.

A comparison is made vs the Length Indicator solution which requires more overhead than any of the PFI and TLLI solutions. It is therefore recommended that GERAN2 decides which of the PFI or TLLI solutions to select for signalling the Selected PLMN.

Corresponding CRs are available in [7]

 REF _Ref317695127 \r \h 
[8]

 REF _Ref317695128 \r \h 
[9].
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