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1. Introduction

The goal of Rel.6 network sharing is to enable full-featured network sharing in a standardised way. The Service requirements have been defined by SA1 in TR 22.951. The new requirements have been included in TS 22.011, TS 22.101, TS 22.115, TS 22.129, and have been approved by SA. SA2 has more or less finished the architectural work on this topic, and the stage2 work on the architectural impacts is collected in TR 23.851.

The SA1 requirement implies that Rel.6 UEs shall know what CN operators are available behind a shared RAN. To support this requirement SA2 has agreed on extending the broadcast system information to incorporate multiple PLMN identities (see S2-034103).

The different PLMN-IDs correspond to the different shared network operators and their CN’s. The multiple PLMN-IDs will be broadcast optionally (i.e. only in networks where network sharing is implemented) in addition to the PLMN-ID already broadcast in the pre Rel-6 MIB (here referred to as the common PLMN-ID).

When multiple PLMN-IDs are broadcast, Rel.6 UEs will ignore the common PLMN-ID for PLMN selection purposes, and regard only the multiple PLMN-IDs as available for PLMN selection. The PLMN selection procedure is otherwise identical to earlier releases.

In non-shared networks, i.e. when no multiple PLMN-IDs are broadcast, the Rel.6 UEs will behave as pre Rel.6 UEs.

When attaching to a network through a RAN broadcasting multiple PLMN-IDs, Rel.6 UEs will indicate to the RAN, which of the multiple PLMN-IDs that has been selected.

The purpose of this document is to discuss and decide on a working assumption on how to implement the multiple PLMN broadcast in the standard.
2. Discussion

2.1 Broadcast of multiple PLMN-IDs in MIB or in a SIB

The UTRAN system information broadcast has been made in a flexible and extendable way. New IEs, and even new SIBs can be added, which will be ignored by terminals of earlier releases. The multiple PLMN-IDs can be added to 

· the MIB or 

· a SIB (new or already existing).

Below these alternatives will be investigated and compared.

Impact on UE-implementation

MIB To put the multiple PLMN-Ids in the MIB, which already contain the common PLMN, give minimal impact on UE implementation. The UE needs to read only the MIB during the scan for PLMN selection, just as today.

SIB The UE needs to read not only the MIB during the scan for PLMN selection, but also, when available the SIB with the multiple PLMNs. 

Broadcast capacity and acquisition delays

Introducing new information on the broadcast channel obviously requires some capacity. The amount depends both on the information size and on scheduled repetition rate.

This can affect the system in two different ways depending on how the scheduling is done.

If the new information is scheduled without changing the repetition rate of other broadcast data (assuming that the broadcast channel is scheduled sparsely enough to do this), the only effect is increased interference created by the broadcast channel.

If the repetition rate for other information is reduced to make space for the new information the effect will instead be to slow down the acquisition by the UE of this other information and procedures dependent on this information.

We note that the broadcast scheduling configuration in 34.108 used in tests (e.g. for cell reselection tests) is rather sparse, and would allow the introduction of a substantial amount of multiple PLMN IDs without changing the repetition rate for other information, and thus have impacts on interference and capacity rather than on system functionality. The broadcast scheduling configuration in 34.108 may not be highly optimised, but does clearly correspond to a functional system configuration.

MIB The MIB is scheduled at a fixed and rather high repetition rate (every 8th frame, or equivalently every 4th transport block) and each multiple PLMN-Id will require around 2.4% of the broadcast channel capacity if coded in the same way as the common PLMN-Id.

In many cases the MCC of the PLMN-Ids are often the same however, and thus a bit saving coding scheme may be introduced to avoid retransmission of identical MCCs. The MCC part of the PLMN-Id would then be made optional and when a MCC is not present the UE would set this MCC equal to the MCC of the closest preceding PLMN-Id in the multiple PLMN list which includes a MCC, or if no such PLMN-Id exists the UE would set the MCC to the MCC of the common PLMN. PLMN-Ids with implicitly given MCC would require around 1.1% of the broadcast channel capacity. For more details see ASN.1 code in section 3.2 below.

The size of the MIB is not strictly limited to one transport block, but may be segmented  (SIB_OFF is predefined to 2, SEG_COUNT is not predefined but may be set in header of the first segment)). Still, because of the high repetition rate, limiting the MIB to one transport block (and thus ¼ of the broadcast channel capacity) is in practice reasonable. Further more, as long as this limitation is respected, multiple PLMN-IDs may typically be introduced without affecting the SIB scheduling. 

In the test configuration of the broadcast channel in 34.108 the MIB carries SIB1 to SIB5 scheduling information that may be moved to the scheduling blocks. Even if this is not done, however, a few multiple PLMN-IDs can be inserted into the MIB, without segmentation of the MIB, e.g.

· 5 multiple PLMN-IDs with 2 digit MNC and implicit MCC (i.e. all multiple PLMN-Ids have the same MCC as the common PLMN)

· 3 multiple PLMN-IDs with 3 digit MNC and implicit MCC

· 2 multiple PLMN-IDs with 3 digit MNC and one explicit MCC (i.e. one of the two multiple PLMN-IDs have a MCC which differs from the common PLMN MCC)

In the test configuration, SB1 (scheduling block 1) fits in one transport block even if the scheduling information for SIB1, SIB2, and SIB3 is moved from the MIB to SB1. This leaves quite a lot of space for multiple PLMN-Ids in the MIB transport block, allowing for e.g. the following configurations:

· 11 multiple PLMN-IDs all with 2 digit MNC and implicit MCC

· 8 multiple PLMN-IDs all with 3 digit MNC and implicit MCC

· 5 multiple PLMN-IDs all with 2 digit MNC and explicit MCC (i.e. all multiple PLMN-Ids and the common PLMN have different MCC)

· 4 multiple PLMN-IDs all with 3 digit MNC and explicit MCC

This shows that one could very well allow for scenarios with a rather large number of multiple PLMN_IDs in the MIB with very small impact on system functionality.

 
SIB Scheduling of the SIBs is configurable. Hence, ten multiple PLMNs could be broadcasted without requiring more broadcast channel capacity than five multiple PLMNs in the MIB scenario by scheduling the SIB half as frequent as the MIB.

The SIB solution is thus clearly more flexible than the MIB solution, allowing the operator to weigh capacity loss versus broadcast information acquisition delay, for optimal performance.

Impact on PLMN selection time

If the multiple PLMN-IDs are scheduled with a lower repetition time than the common PLMN in the MIB, the acquisition time during the scan for PLMNs for PLMN selection will increase and delay the PLMN selection procedure. However, even if the repetition time is doubled or quadrupled the delay will be small in comparison with the total time needed for the scan and even more so compared to reading the USIM at terminal power on. If the multiple PLMN-ID is put in the MIB together with the common PLMN or scheduled as frequently there will be no significant impact on the PLMN selection time.

Concluding remarks

In conclusion, the MIB choice would be simplest to implement in the UE but put somewhat harder limits on the number of multiple PLMN IDs that can be broadcast, whereas the SIB solution would give the operator the highest degree of flexibility in terms of scheduling and optimization of the use of the broadcast capacity.
2.2 Indication to RAN of selected PLMN

An optional PLMN-ID IE in the Initial direct transfer message will be introduced to indicate to RAN which of the multiple PLMN-IDs that have been selected. The IE shall be included when the first attach (IMSI attach or GPRS attach) is made to the network. In subsequent initial direct transfer messages, it is not needed since the routing (and PLMN) may be deduced from the Intra Domain NAS Node Selector IE. The IE could just indicate the selected PLMN by stating the order in which it was broadcasted. This minimizes the uplink load for the message.

3. Proposal

3.1 Working assumption proposal
Even though the SIB solution might be more favourable for the operators due to its flexibility, we propose to insert the multiple PLMNs in the MIB, since it has less impact on the UE implementation. To reduce the disadvantages with the MIB solution we propose that a coding scheme is adopted to avoid retransmission of identical MCC information when the MCC is the same for two or more of the PLMN-Ids. With this coding scheme the indication by SA1/SA2 that 10 (5-15) multiple PLMN-IDs should be supported, can be met without any serious impacts on system functionality. We therefore propose to set the maximum number of multiple PLMN-IDs to 9. Moreover, we suggest that an IE that points out the selected PLMN by stating the order in which it was broadcasted is introduced in the Initial Direct Transfer message.
3.2 MIB ASN.1 draft proposal

Below is a first draft for ASN.1 code for the MIB solution.

According to our calculations the PER encoding would require 5 bits (two optionality bits and three bits giving the number (2 to 9) of multiple PLMN-IDs) in excess of the size of the coding of the PLMN-IDs themselves. The size of the coding of the PLMN-IDs, given in the table below, depends both on whether the MCC is implicit or explicit, and on whether the MNC is 2 digit or 3 digit.

We hope you will have some indulgence with us, noting that we lack both tools and experience for ASN.1 work. Comments and checking is very much appreciated.

Table 1. PLMN-ID coding lengths in bits.
	PLMN-ID coding lengths
	implicit MCC
	explicit MCC

	3 digit MNC
	14
	26

	2 digit MNC
	10
	22


Table 2. PLMN-ID coding lengths in proportion to BCH capacity assuming that the PLMN-ID information is transmitted every fourth BCH transport block.
	PLMN-ID coding lengths
	implicit MCC
	explicit MCC

	3 digit MNC
	1.5%
	2.9%

	2 digit MNC
	1.1%
	2.4%


MasterInformationBlock ::=


SEQUENCE {



mib-ValueTag




MIB-ValueTag,



-- TABULAR: The PLMN identity and ANSI-41 core network information



-- are included in PLMN-Type.



plmn-Type





PLMN-Type,



sibSb-ReferenceList



SIBSb-ReferenceList,


-- Extension mechanism for non- release99 information



v6xyNonCriticalExtensions


Sequence {




masterInformationBlock-v6xyext

MasterInformationBlock-v6xyext-Ies OPTIONAL,



nonCriticalExtensions



SEQUENCE {}






OPTIONAL



}
OPTIONAL

}

MasterInformationBlock-v6xyext-IEs ::=
Sequence {


multiplePLMN-List





MultiplePLMN-List-r6

OPTIONAL

}

MultiplePLMN-List-r6 ::=



SEQUENCE (SIZE (2..maxMultiplePLMN-r6)) OF











 PLMN-Identity-Optional-MCC-r6
PLMN-Identity-Optional-MCC-r6 ::=




SEQUENCE {


mcc








MCC




OPTIONAL,


mnc








MNC

}

maxMultiplePLMN-r6

INTEGER
::= 9 


-- The following UE functionality need to be specified:


-- If the MCC is not included in a PLMN-Identity-Optional-MCC-r6 in the


-- MultiplePLMNList-r6 the UE shall set the MCC of the multiple PLMN ID 


-- equal to the MCC of the closest preceding PLMN-Identity-Optional-MCC-r6


-- in the MultiplePLMNList-r6 which includes a MCC, or if no such


-- PLMN-Identity-Optional-MCC-r6 exists the UE shall set the MCC of the


-- multiple PLMN ID to the MCC of the PLMN-Type IE in the


-- MasterInformationBlock
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