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1. Introduction
In CT1#73 meeting, CT1 discussed possible solutions on indicating selected PLMN Identity to GERAN for CS and PS domains.  CT1 then communicated results from CT1 discussion to GERAN in the reply LS C1-113731 [1].
For CS domain, CT1 concluded that:
In A/Gb mode, the maximum number of octets that can be transferred is 20. Existing length of LAU request message has reached this maximum length, therefore the MS will not be able to include PLMN id indication in the message directly. However one option is to use Skip Indicator IE(3 bits) to carry a selected PLMN Id index which can be extracted by the BSC and mapped to a PLMN Identity based on the position of the PLMN in the list of PLMNs broadcasted by the BSC in the system information. 

So for the CS domain, CT1 is confident to be able to find a solution on NAS level. CT1 will inform SA2 and GERAN2 about the details as soon as CT1 has agreed such a solution.
For PS domain, CT1 concluded that:

CT1 would like to point out that for PS domain, although the TLLI is logically belonging to LLC, as a parameter the TLLI is transferred only on  the AS level, i.e. in the RLC/MAC and BSSGP protocol; it is not included in LLC frames. Furthermore, so far there has not been any requirement for the BSS to inspect the contents of LLC frames (or NAS messages included in LLC frames). 

Therefore, for the PS domain, CT1 kindly ask GERAN2 to look for a possible solution to signal the selected PLMN id in the RLC/MAC and BSSGP protocol (i.e. outside the LLC frames). 

GERAN has since discussed the solutions suggested by CT1 reply LS, along with other proposals and provided their feedback in reply LS GP-111484/C1-113927 [5].
This discussion paper provides further analysis on PLMN Identity Indication solutions for the CS domain and PS domain based on GERAN feedback [5], CT1 off-line discussions, previous discussion paper C1-113605 [2]  from CT1#73 meeting and alternative proposals [3] and [4] presented in GERAN#51 meeting.
2. Selected PLMN Identity Indication for the CS domain
The proposals : 
On the CS side, the following three proposals have been discussed:

- indirect PLMN-id mapping (via Skip Indicator)

- MSC redirection

- indirect PLMN-id mapping + MSC redirection

In GERAN reply LS [5], GERAN indicated that:

GERAN agree with the CT1 statement related to the Location Update Request. On the other hand GERAN has found no issue related to the use of the Skip Indicator to carry a Selected PLMN ID indication (3 bits); however this means that the BSS has to look into the NAS signalling for the Skip Indicator in order to derive the Selected PLMN ID. GERAN welcomes further information from the CT1 work for this topic.
GERAN mentioned the possibility of other NAS solution for CS and PS domains based on redirection [4]:

a NAS signalling solution to carry the Selected PLMN ID in the NAS messages (e.g. Attach Request or Routing Area updating Request) without the requirement on the BSS to look into the NAS level messages based on redirection as described within TS 23.251 for GERAN MOCN.
However this “redirection” solution is based on the assumption that "Selected PLMN Id" is included in the LAI parameter in the attach request: 

-         LOCATION UPDATING REQUEST already has Location Area Identification which is MCC + MNC + LAC and therefore no additional changes are needed.
 
During CT1 off-line discussion, it has been agreed that this assumption is incorrect because according to 24.008, the PLMN Id included in LAI in the attach request is the one stored in the USIM/SIM, not the selected LAI. In addition, as concluded in CT1#73 meeting, due to message length restriction for A/Gb mode, the MS will not be able to include PLMN id indication in the message directly. So step 3 in Figure 3 in proposal [4] having "selected PLMN Id included in attach request" for CS is not possible.
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A variation of the original “redirection method” has also been discussed off-line (“indirect PLMN-id mapping + redirection”). The idea is to use NAS “indirect PLMN-id mapping” (Skip Indicator) solution to send the Selected PLMN-id Index, but instead of letting BSC to do decoding, PLMN identity mapping and selection of correct PLMN for forwarding the message, let MSC to perform these functions. The MSC then use “reroute command” to redirect the message to the selected MSC via BSC.
However, the concern for this approach is that if for this method, the MSC needs to have the "PLMN-id index <-> PLMN ID" mapping table on a per BSC basis.  Given that different set of broadcast PLMN ids may be broadcasted by different BSCs in possibly different order of sequence, putting/duplicating the mapping logic in all MSCs is not efficient and configuration wise may not be feasible. In comparison, if the mapping is done by BSC, since each BSC locally maintains copy of its broadcast PLMN list, the mapping would be straightforward. The mapped (selected) PLMN id is then included in the Complete Layer 3 Info and forwarded to the correct MSC by the BSC directly.  
Based on this understanding, “indirect PLMN-id mapping + redirection” is not preferred.

Conclusion for CS domain:

It is suggested to confirm to GERAN that indication via indirect PLMN Id Index mapping (Skip Indicator solution) is the selected solution for the CS domain.
Description of Skip Indicator solution can be found in [2]. If selection of this solution can be confirmed, Alcatel-Lucent plans to bring a contribution to specify detailed change in next meeting.
3. Selected PLMN Identity Indication for the PS domain

The proposals: 
For the PS domain, the following three proposals have been discussed:
1). NAS signaling of Selected PLMN Id 
2). NAS signaling of Selected PLMN Id + Redirection                     
3). AS signaling of Selected PLMN Id Index 
Proposal 1). NAS signaling of Selected PLMN Id
For this solution, the selected PLMN id is included in GMM message as a new IE, BSC needs to inspect the NAS message contents of LLC frames to extract the selected PLMN id first, then forward the message to the SGSN that belongs to correct PLMN. More information about this proposal can be found in [2], [3].
Proposal 2). NAS signaling of Selected PLMN Id + Redirection 

This solution is based on re-using/enhancing the same procedure used for Rel 10 MOCN non-supporting MSs so that “reroute command” can be used to additionally signal the “selected PLMN id” to the BSC to enable a redirection of the message to the correct PLMN.  Again for this solution to work, the selected PLMN id needs to be available in the NAS messages. Like the CS “redirection” proposal, original PS domain “redirection” solution is also based on the assumption that "Selected PLMN Id" is included in the LAI parameter. Although this assumption is incorrect, workaround is possible by including new PLMN id as a new IE in GMM message given that there is no message size limitation issue in the PS domain (unlike CS). So the solution is workable.  Detailed solution is described in [4]. 

Proposal 3). AS signaling of Selected PLMN Id Index
This is the RLC/MLC layer solution based on similar idea as CS domain “indirect PLMN-id mapping (via Skip Indicator)” solution, i.e. by using spare bits (needs 4 bits, including an indication bit) in AS (RLC) header to carry a selected PLMN Id index which can be extracted by the BSC and mapped to a PLMN Identity based on the position of the PLMN in the list of PLMNs broadcasted by the BSC in the system information. More information about this proposal can be found in [2], [3].
Note that there is a variation of this solution (in case 3 spare bits cannot be found), include the PLMN identity (or PLMN Id Index) in the data block (out of LLC frame), and indicate the inclusion of the PLMN identity (or PLMN Id Index) by using 1 spare bit in the RLC/MAC header.  
Comparison of proposals:

Result of comparison is summarized in table below:

	Proposals

Evaluation
	1
	2
	3

	
	NAS signaling of Selected PLMN Id
	NAS signaling of Selected PLMN Id + Redirection
	   AS signaling of Selected PLMN Id Index

	Workable and meet Requirements
	Y
	Y
	Y

	Network nodes Impact/Upgrades
	BSS: required

SGSN: required
	BSS: required

SGSN: required
	BSS: required

SGSN: required

	Architecture
	Routing decision
	BSC
	SGSN
	BSC

	
	Protocol Layering
	Cross layer access (AS decodes NAS)
	Same layer access (NAS)
	Same layer access (AS)

	Implementation effort
	New/modified Functionality
	New - currently BSS does not inspect the contents of LLC frames. Also signaling enhanced to carry extra parameter “Selected PLMN Id”.
	Existing – but NAS and BSSGP signaling enhanced to carry extra parameter “Selected PLMN Id” IE
	New – BSS enhanced to store and extract additional PLMN id index from spare bits in AS header fields. Note: Change AS header may have wider protocol impact (to be further studied).

	
	NAS <-> AS Interface/API Impact
	No impact - GMM include selected PLMN Id direct into NAS message
	No impact - GMM include selected PLMN Id direct into NAS message
	Impact – additional LLC service primitives

	
	BSS Decoding overhead
	Decoding of NAS messages needed only for foreign/random TLLI
	Only need to handle an additional PLMN parameter in BSSGP_DL_Unitdata message. 
	Decoding of AS messages needed only for messages w/ foreign/random TLLI

	
	Indirection /Mapping related configuration
	No mapping needed


	No mapping needed


	Mapping needed: require pre-configuration of PLMN id index <->PLMN id mapping on the BSC. -> however this can be piggy-backed from CS solution w/o additional efforts

	NAS Signalling Performance                
	Better performance, direct forward by BSC
	Signalling overhead due to redirection
	Better performance from CN perspective, direct forward by BSC

	CN Privacy/Security
	Shared GERAN operator may collect network sharing info on all CN operators
	one CN operator may collect info and roaming user stats of another CN operator. 
	Shared GERAN operator may collect network sharing info on all CN operators

	Harmony with CS Solution 
(CS solution: direct approach via NAS + index mapping)
	Principle 
	direct approach via NAS
	redirect approach via NAS
	direct approach via AS 

	
	Re-use   
	N/A
	N/A (on the other hand, R10 solution is re-used)
	Yes – can reuse same “PLMN-id index <-> PLMN-id” mapping table and configuration


· In terms of implementation effort, Proposal 2) has the least impact to GERAN and does not require the BSS to decode NAS messages directly, only impact is to handle an additional PLMN parameter in BSSGP_DL_Unitdata message during redirection. Decoding at BSC is needed for both proposal 1) and proposal 3), however only for foreign or random TLLI (the first message attach + RAU). Proposal 1) and 3) are comparable from decoding overhead view point.  However for proposal 1) “NAS signaling of Selected PLMN Id”, since currently BSS does not inspect the contents of LLC frames (or NAS messages included in LLC frames) in the PS domain, adding the selected PLMN-ID in the GMM message and mandating the BSC to decode it will lead to new and modified functionality.  In comparison, for proposal 3) “AS signaling of Selected PLMN Id”, AS header is opened by BSC any way.
· In terms of NAS <->AS interface impact, no impact for proposal 1) and 2) because GMM can include selected PLMN Id direct into NAS message, but for proposal 3),  additional primitive “selected PLMN Id” needs to be added to LLC service primitives (44.064) for the RLC to be able to encode it in the AS header.
· Signalling performance wise, "redirection" in proposal 2 would involves additional overhead in signaling; while proposal 1) and 3) would not have such overhead since forwarding decision is made directly by the BSC. However the feasibility of proposal 3) and its impacts need to be studied in TSG GERAN WG2.
· Given that indirect PLMN-id mapping (via Skip Indicator) approach is the only workable solution for CS domain, then using "redirection" approach for PS may create inconsistency and maintenance issue R11 because the mechanism is only enhanced for PS not CS => versus in Rel10 same "redirection" is for both CS and PS. 

· From solution similarity and re-use point of view, In addition, for proposal 3). it is possible that the mapping and configuration change in the CS solution can be re-used by the BSC for PS domain.
· From privacy and security perspective, the "redirection" solution makes it possible for one CN operator to collect information and roaming user stats of another competing CN operator. This side effect is undesirable. Although for proposal 1) and 3), it is also possible for the shared GERAN operator may collect network sharing info on all CN operators, this is more acceptable for CN operators.

Conclusion for PS domain:

Proposal 1) is not preferred because so far there has been no requirement for the BSS to look into NAS on PS domain.
Proposal 2) “NAS signalling of Selected PLMN Id + Redirection” proposal clearly has less impact to GERAN and requires less implementation efforts. However proposal 3) “AS signalling of Selected PLMN Id” offers seen from the NAS level perspective better signalling performance. In addition, the proposal 2) "redirection" solution makes it possible for one CN operator to collect information and roaming user stats of another CN operator. This side effect may be undesirable,
3. Conclusion

It is proposed that CT1 has further discussion on the solutions and inform GERAN the conclusions. 

Draft reply LS has been provided in C1-113800.
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