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1. Introduction

Network Sharing is a feature of the 3GPP Rel-6 system, which allows operators to share mobile networks.

2. Latest status on Network Sharing

· SA1 has completed the network sharing work; TR 22.951[1] was approved at SA#18 and requirements for network sharing have been implemented in TS 22.101[2], TS 22.011[3], TS 22.115[4] and other stage 1 specifications. Stage 1 specifications contain requirements indicating that the supporting UEs, which support network sharing, shall know what CN operators are available behind a shared network.

· SA2 has decided that:

· Information concerning available core network operators in a shared network shall be broadcasted in system information.

· (5 - 15) multiple PLMN identities should be supported by system information.

· Because of non-supporting UEs (legacy pre-Rel-6 or Rel-6 with no network sharing support), the broadcast information would need to broadcast a common-PLMN identity to ensure that these terminals can register on the shared network. Hence, non-supporting UEs perform PLMN selection as today.

· When multiple PLMN identities are broadcast, supporting UEs shall ignore the common-PLMN identity for PLMN selection and regard only multiple PLMN identities as available for PLMN selection towards the shared network.

· At registration procedure, supporting UEs shall indicate the selected PLMN to the network. This implies PLMN selection and re-selection procedures.

· Latest version of TR 23.851[5] states solutions to reuse Intra-domain connection of RAN solutions (i.e. Iu-flex) as much as possible. Therefore, routing of subsequent NAS messages should be based on Network Resource Identification (NRI). The NRI is part of the (P-)TMSI. In A/Gb mode, the RAN node derives the NRI from any NAS signalling message, while in Iu mode, the UE provides an Intra-Domain NAS Node Selector (IDNNS) in RRC signalling (Please, see TS 23.003[6] and TS 23.236[7]). At the same time, the NRI based solution works for both supporting and non-supporting UEs.

· RAN in RP-040017 has agreed in the working assumption of inserting at least, 5 multiple PLMN identities in the Master Information Block (MIB) of system information. The re-routing functionality has not been agreed yet. The re-routing functionality to be defined by RAN depends on the type of redirection chosen by SA2.

· GERAN has already informed that the space limitations in system information messages imply that multiple PLMN identities of network operators cannot be provided in current system information. However, GERAN has already discussed to provide information of multiple PLMN identities in separate system information, but broadcast at a lower repetition rate.

· CN1 Working Item Description (WID) on network sharing was agreed at last CN#23 and it contains the following:

So far the following work have been identified in CN group(s):

· Review the possible impacts on the network selection procedures due to multiple PLMN broadcast 

· Review the CN behaviour due to rerouting         

· Consider relative share of inbound roamers in the case that part of the CN node is shared

· Study the needs of inclusion of multiple PLMN information in the NAS system information elements 
· Allow the indication of the selected PLMN from the terminal to the network when attempting to register

3. Indication of selected PLMN at registration attempt

Because of need of providing the indication of the selected PLMN to the network at registration attempt several solutions already have been provided in different working groups.

3.1 Indication of selected PLMN to the RAN

Because of the MOCN scenario the UE must indicate selected PLMN directly to the RAN, so that the RAN can route the NAS messages to the correct CN. 

In case of UTRAN sharing, a solution has already been presented at RAN2#41 based on RRC signalling (i.e. TS 25.331 [8]). An optional PLMN identity Information Element (IE) in e.g. the RRC Initial direct transfer message will indicate to RAN (i.e. RNC) which is the selected PLMN. Subsequent RRC messages carrying NAS messages do not need to carry this IE, due to the fact that SA2 working assumption relies on reuse of Intra-domain connection of RAN solutions (e.g. NRI). In the RRC protocol, the NRI is implemented with an IE called Intra-Domain NAS Node Selector (IDNNS) in the Initial direct transfer message.

In case of GERAN sharing, the use of the same principle as in UTRAN would require e.g. the introduction of a new RR message to carry the PLMN identity of the selected PLMN together with the NAS message. Because of size constraints of GSM (As discussed below), this is not a feasible solution.

3.2 Indication of selected PLMN to the CN

3.2.1 RANAP based solution

Since the UE indicates the selected PLMN identity to the RNC, the RNC can relay this information to the CN over Iu. This can be implemented as an extra information element in the Initial UE message on RANAP. The main benefit with this solution is that it does not require any extra signalling over the air interface. The disadvantage is that does not work for 

GSM.

3.2.2 NAS signalling based solution using new IE

The proposal in N1-040230 from CN1#33 based on NAS signalling relies on the fact that initial NAS signalling messages can be extended to include, with a new IE, the identity of the selected PLMN the terminal wishes to connect to. 

4. NAS signalling based solution using the Skip indicator IE

The new proposed solution uses the ‘Skip indicator’ Information Element (IE) to encode the selected PLMN in the MM/GMM messages. The PLMN choice would be a number in the range of 0 to 15 to indicate to the network the position (i.e. numerical identity) of the selected PLMN in the PLMN list received in the mobile (e.g. broadcast in system information). 

At present, the ‘Skip indicator’ IE is included in all MM/GMM signalling messages. However, the ‘Skip indicator’ has no function at all in the messages where it is included.  The Skip indicator IE is half an octet (i.e. 4 bits). The value 0000 is reserved as defined in sub-clause 10.3.1 of TS 24.008 [10]. When the Skip indicator IE is encoded as 0000 legacy CN nodes shall not ignore the carrying message. A message received with skip indicator different from 0000 shall be ignored.  shared network nodes will be implemented in such a way that recognize the value encoded as 0000 like reserved and other values like numbers (i.e. from 1 to 15).

When a terminal attempts registration several scenarios are possible:

· Registration attempt to RAN nodes, which do not support network sharing, supporting UEs encode the Skip indicator IE as today (i.e. ‘0000’) and perform registration. No changes.

· Registration attempt to shared RAN nodes, supporting UEs encode the Skip indicator IE with the numerical identity of the selected PLMN.

· Non-supporting UEs encodes the Skip indicator IE as today (i.e. ‘0000’) and performs registration. No changes.

It should be noted that for compatibility, use of the Skip Indicator IE to encode the selected PLMN requires that each CN node connected to a shared RAN needs to be upgraded to support the new coding of the Skip Indicator IE and not ignore the message carrying Skip indicator IE different from 0000. However, this is not a drawback due to that fact that according to current SA2 requirements all CN nodes connected to the shared RAN need to be upgraded to support network sharing functionality for other reasons different than the Skip indicator IE.

4.1 Scenario NAS signalling based solution using the Skip indicator IE

The following figure illustrates the solution:
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1. The shared RAN following SA2 current requirements and working assumptions broadcasts the common-PLMN identity for non-supporting UEs and multiple PLMN identities for supporting UEs.

2. Supporting UE is able to decode the extended BCCH information that contains the multiple PLMN identities (i.e. CN operators).

3. The supporting UE performs PLMN selection as today and the output of the procedure gives the selected PLMN for attempting registration.

4. Following the PLMN selection process, the mobile provides the identity of the selected PLMN in the Skip indicator IE with a numerical identity that corresponds to the position of the selected PLMN in the broadcast information (e.g. common-PLMN = PLMNA is number ‘0’, PLMNB is number ‘1’, PLMNC is number ‘2’). Latest status in SA2 indicates that supporting UEs have to explicitly select one of the new (multiple) PLMN identities and not select the common-PLMN identity. 

5. The shared RAN maps the numerical identity to the appropriate PLMN identity and forwards the NAS message to the correct CN node.

6. Subsequent messages after successful registration procedure (e.g. Initial direct transfer messages in UMTS) do not need to carry the selected PLMN, due to the fact that SA2 working assumption relies on NRI, which is implemented in all systems and interfaces (i.e. Uu, Um, Iu, A and Gb interfaces).

A variant of the NAS signalling based solution using the Skip indictor IE is to introduce a new IE in the initial MM/GMM messages of half an octet (i.e. 4bits) to indicate the selected PLMN in the same way as explained above. This new information element would fit into the RR message in GSM. However, this solution does not avoid the upgrade of each CN node connected to the shared RAN. Furthermore, as the initial MM/GMM messages are of variable length the position of this new IE within the NAS message would usually never be the same. That is to say, the shared RAN node would need to look into the NAS message to check the length and find an information element at the end of the variable-length message. The use of Skip indicator IE makes the shared RAN look into the NAS message at a fixed position. Hence, 'knowledge' of NAS message is small. In addition, use of Skip indicator IE provides the same information with the advantage that it does not need extension of the initial MM/GMM messages and the unnecessary signalling should always be avoided, if possible.

4.2 GERAN aspects

The extension of NAS messages to carry PLMN identity is not possible for the Location updating request message in GSM. This message must be no longer than 20 octets due to limitation of GSM (See TS  44.006[9]). At present, Location updating request can have a maximum length of 18 octets. Thereby, only 2 octets are left for extension. Note that the PLMN identity is 3 octets.

Similarly, space limitations on the RR messages make it hard to indicate the selected PLMN to the BSC.

The solution based on using the skip indicator IE to indicate the selected PLMN to the CN as described above for the UTRAN works also in the GERAN case. Furthermore, in GERAN one might accept a solution to indicate the selected PLMN to the BSC based on the BSC checking MM/GMM messages to find the indication of selected PLMN in the skip indicator. Such a violation of the layering principle might be accepted in GERAN because of the very stringent space limitations in RR messages, as stated in TS 44.006[9], and is in fact, already performed e.g. for the Intra-Domain NAS Node Selector IE (IDNNS) (see TS 23.236[7]). Note, however, that in UTRAN, the size limitations for the RRC messages are not at all that stringent, and violations of the layering principle may not be acceptable.

In the NAS based solution using the Skip indicator IE the supporting UE sends the selected PLMN at NAS layer within the initial MM/GMM messages using the Skip indicator IE, to provide the selected PLMN not only to CN, but also to GERAN because of the space limitation in RR messages. Additionally, this solution gives the advantage that no RANAP protocol impacts are needed if used for both GERAN and UTRAN.

4.3 Advantages

The advantages of the NAS based solution using the Skip indicator IE are the followings:

· It provides the provision for the indication of the selected PLMN to the CN for network sharing.

· One common CN solution for all today’s existing systems (i.e. GSM, UMTS, GPRS), rather than having different solutions for the different systems. For instance, in UMTS and GPRS the NAS signalling messages can be extended with the PLMN.

· No new messages have to be defined.

· No new information elements have to be added in existing NAS messages or RANAP messages.

· Therefore, the signalling on the air interface is not increased because of new NAS messages and/or information elements, and unnecessary signalling is avoided.

· This solution is combined in case of UTRAN sharing, with the RRC signalling based solution in order not to violate the layering principle for UTRAN, while provides the needed information to GERAN.

5. Summary

This discussion paper highlights latest status on network sharing in 3GPP Working Groups (WGs) that need to be considered when dealing with network sharing in CN1.

Additionally, current solutions to resolve the indication of selected PLMN to the CN have been presented. RANAP based solution works only for UMTS. Proposal based on NAS messages with new IE, which contains the PLMN identity (i.e. 3 octets), works for UMTS, but it does not for GSM.

A NAS signalling solution using the Skip Indicator IE has been suggested to resolve the indication of selected PLMN to enable routing to the correct PLMN at registration attempt, which is applicable to UTRAN and GERAN cases of network sharing. In addition, the details of the proposal have been discussed. The principle of the proposed solution is to re-use at maximum the current MM and GMM functionality and messages.  Therefore, minimizing impacts to current terminal and network nodes implementations.

All in all, this contribution proposes that the different solutions on how to indicate the selected PLMN to the CN for network sharing are evaluated by CN1, while considering the aspects provided in this discussion paper. Finally, if the proposals outlined in this contribution can be agreed upon in CN1, the following working assumptions should be made:

· Indication of selected PLMN to the CN will use the NAS signalling based solution using the Skip indicator.
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Annex A: Excerpts from TS 24.008 V6.4.0

Table 9.2.17/3GPP TS 24.008: LOCATION UPDATING REQUEST message content

	IEI
	Information element
	Type/Reference
	Presence
	Format
	Length

	
	Mobility management
	Protocol discriminator
	M
	V
	1/2

	
	protocol discriminator
	10.2
	
	
	

	
	Skip Indicator
	Skip Indicator
	M
	V
	1/2

	
	
	10.3.1
	
	
	

	
	Location Updating
	Message type
	M
	V
	1

	
	Request message type
	10.4
	
	
	

	
	Location updating type
	Location updating type
	M
	V
	1/2

	
	
	10.5.3.5
	
	
	

	
	Ciphering key sequence
	Ciphering key sequence
	M
	V
	1/2

	
	number
	number
	
	
	

	
	
	10.5.1.2
	
	
	

	
	Location area
	Location area
	M
	V
	5

	
	identification
	identification
	
	
	

	
	
	10.5.1.3
	
	
	

	
	Mobile station
	Mobile station
	M
	V
	1

	
	classmark
	classmark 1
	
	
	

	
	
	10.5.1.5
	
	
	

	
	Mobile identity
	Mobile identity
	M
	 LV
	2-9

	
	
	10.5.1.4
	
	
	

	33
	Mobile station
	Mobile station
	O
	TLV
	5

	
	classmark for UMTS
	classmark 2
	
	
	

	
	
	10.5.1.6
	
	
	


Table 9.4.1/3GPP TS 24.008: ATTACH REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

10.2
	M
	V
	1/2

	
	Skip indicator
	Skip indicator

10.3.1
	M
	V
	½

	
	Attach request message identity
	Message type

10.4
	M
	V
	1

	
	MS network capability
	MS network capability

10.5.5.12
	M
	LV
	3-9

	
	Attach type
	Attach type

10.5.5.2
	M
	V
	½

	
	GPRS ciphering key sequence number
	Ciphering key sequence number 

10.5.1.2
	M
	V
	½

	
	DRX parameter
	DRX parameter

10.5.5.6
	M
	V
	2

	
	P-TMSI or IMSI
	Mobile identity

10.5.1.4
	M
	LV
	6 - 9

	
	Old routing area identification
	Routing area identification

10.5.5.15
	M
	V
	6

	
	MS Radio Access capability
	MS Radio Access capability

10.5.5.12a
	M
	LV
	6 - 52

	19
	Old P-TMSI signature
	P-TMSI signature

10.5.5.8
	O
	TV
	4

	17
	Requested READY timer
value
	GPRS Timer

10.5.7.3
	O
	TV
	2

	9-
	TMSI status
	TMSI status

10.5.5.4
	O
	TV
	1

	33
	PS LCS Capability
	PS LCS Capability
10.5.5.22
	O
	TLV
	3


Table 9.4.14/3GPP TS 24.008: ROUTING AREA UPDATE REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

10.2
	M
	V
	1/2

	
	Skip indicator
	Skip indicator

10.3.1
	M
	V
	1/2

	
	Routing area update request message identity
	Message type

10.4
	M
	V
	1

	
	Update type
	Update type

10.5.5.18
	M
	V
	1/2

	
	GPRS ciphering key sequence number
	Ciphering key sequence number 

10.5.1.2
	M
	V
	1/2

	
	Old routing area identification
	Routing area identification

10.5.5.15
	M
	V
	6

	
	MS Radio Access capability
	MS Radio Access capability

10.5.5.12a
	M
	LV
	6 - 52

	19
	Old P-TMSI signature
	P-TMSI signature

10.5.5.8
	O
	TV
	4

	17
	Requested READY timer value
	GPRS Timer

10.5.7.3
	O
	TV
	2

	27
	DRX parameter
	DRX parameter

10.5.5.6
	O
	TV
	3

	9-
	TMSI status
	TMSI status

10.5.5.4
	O
	TV
	1

	18
	P-TMSI
	Mobile identity

10.5.1.4
	O
	TLV
	7

	31
	MS network capability
	MS network capability

10.5.5.12
	O
	TLV
	4-10

	32
	PDP context status
	PDP context status

10.5.7.1
	O
	TLV
	4

	33
	PS LCS Capability
	PS LCS Capability

10.5.5.22
	O
	TLV
	3


10.3.1
Skip indicator

Bits 5 to 8 of the first octet of every Mobility Management message and GPRS MobilityManagement message contains the skip indicator. A message received with skip indicator different from 0000 shall be ignored. A message received with skip indicator encoded as 0000 shall not be ignored (unless it is ignored for other reasons). A protocol entity sending a Mobility Management message or a GPRS Mobility Management message shall encode the skip indicator as 0000.

Annex B: Excerpts from TS 44.006 V6.0.0

5
Frame structure for peer-to-peer communication

5.1
General

All data link layer peer‑to‑peer exchanges are in frames conforming to one of the formats shown in figure 1. Several format types are shown in the figure:

‑
Format A is used on DCCHs for frames where there is no information field.

‑
Formats B, Bter and B4 are used on DCCHs for frames containing an information field:

‑
format Bter is used on request of higher layers if and only if short L2 header type 1 is supported and a UI command is to be transmitted on SAPI 0;

-
format B4 is used for UI frames transmitted by the network on SACCH;

‑
format B is applied in all other cases.

‑
Format Bbis is used only on BCCH, PCH, NCH, and AGCH.

‑
In addition there is a Format C for transmission of random access signals.

Format C frames are described in annex A. Format A, B, Bbis, Bter and B4 frames are described in the remainder of the present document.
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Figure 1 (sheet 3 of 3): General frame formats

The parameter N201 is the maximum number of octets which are partially or entirely available for the information field of a frame. It depends on the type of channel and the format, see sub-clause 8.8.3.

8.8.3 Maximum number of octets in an I, UI, SABM and UA frame partially or entirely available for the information field (N201)

The maximum number of octets partially or entirely available for the information field (N201) is:

-
for frames of format A and B:

‑
for the SACCH: N201 = 18;

‑
for the FACCH and SDCCH: N201 = 20.

-
for frames of format Bbis:

‑
for BCCH, AGCH, NCH and PCH: N201 = 23;

-
for frames of format Bter:

-
for the SACCH: N201 = 21;

-
for the FACCH and SDCCH: N201 = 23;

-
for frames of format B4:

-
for the SACCH: N201 = 19.
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