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FULL MOCN and idle mobility to other RATs – Summary of discussion and way forward
1 Introduction
At GERAN#54 and 55 [1-4], there has been lengthy discussions on how to support the need for inter RAT mobility in a network sharing scenario. This discussion paper summarizes the discussions from the previous meetings as well as proposes a way forward.
2 Summary of discussion

The following list summarizes the conclusions from the discussions:

· Using SI2ter/SI2quater for providing UTRA and E-UTRA frequencies/cells for all of the sharing PLMNs is not a reliable solution.  The reason being legacy MS monitoring capabilities and the unspecified legacy MS behavior if the number of frequencies/cells exceeds the MS monitoring capabilities [5] – a worst case interpretation of this unspecified legacy MS behavior is that the MS malfunctions completely. 

· The monitoring capabilities for legacy MS effectively implies that it is possible to, at best, only guarantee mobility to up to 3 UTRAN FDD and 3 UTRAN TDD frequencies and up to 3 E-UTRAN FDD and 3 E-UTRAN TDD frequencies. 
· This limitation can be somewhat mitigated by rotating the content of SI2ter/SI2quater so that all UTRA and E-UTRA frequencies/cells for all of the shared PLMNs are included in at least one SI2ter/SI2quater message rotation cycle. This will, however, have a negative impact on MS battery consumption and idle mode mobility. Most legacy MS will probably rebuild the UTRA/E-UTRA NCL every time SI2ter/SI2quater is changed and with that possibly also restart all measurements and thus delay the cell-reselection in some scenarios. However, the main purpose with rotating the content is to address the legacy MSs that are served by a GERAN cell (which may not know the UTRAN or E-UTRAN neighbor cells for which PLMN continuity is possible). Because of the impacts on the legacy MS performance, the content rotation of SI2ter/SI2quater should be used by the network with caution and only when necessary, e.g. when sharing of four PLMN needs to be supported in a cell. 
· It is, moreover, not recommended to set priorities individually per PLMN in SI2ter/SI2quater since, if two reselection candidate cells are available to the MS, the cell with higher priority will be selected. This may lead to higher number of reselection towards an E-UTRAN/UTRAN neighbor cell for which it will not experience PLMN continuity. Similar situation will occur if a shared GERAN cell has only E-UTRAN/UTRAN neighbor cells which belong to a subset of sharing PLMNs. All legacy MSs will try to reselect to any suitable higher priority E-UTRAN/UTRAN neighbor cell.
· One operator expressed a need for 3 frequencies per RAT and mode per PLMN which would require a total of 15 frequencies per RAT and mode in a network consisting of 5 shared PLMNs. Maximum capacity in SI2ter/SI2quater is 8 frequencies only. 
· Taking size limitation of SI2ter/SI2quater and the principle of avoiding negative impact on legacy MS into account, the conclusion is that indicating UTRAN and E-UTRAN frequencies as well as their corresponding priorities for network sharing supporting mobile stations needs to be accomplished using an SI message other than SI2ter/SI2quater.
· Ericsson presented a solution where all UTRA and E-UTRA frequencies and priority information for network sharing supporting mobile stations is added to SI22. This will however increase the worst case PLMN selection time for network sharing supporting mobile stations with ~3.5 seconds. Concerns were raised by several companies that this is not acceptable.

· A workable solution could be to introduce yet another SI message (e.g. SI23) for use on BCCH Ext. that contains the UTRAN and E-UTRAN frequencies and priority information (for use by network sharing supporting mobile stations).
· The use of BCCH Ext. opens up the possibility of using available broadcast capacity thereon so that an acceptably fast acquisition of frequency and priorities information can be realized for network sharing supporting mobile stations.
3 Way Forward
Based on the summary of the discussions at the previous meeting a way forward based on the following working assumptions is proposed.

1. A legacy mobile station reads SI2ter/SI2quater for information related to idle mode mobility to UTRAN and E-UTRAN.  For priority based cell re-selection the following should be noted: 

Due to the nature of provisioning information for cell reselection the introduction of Network sharing will imply that non-supporting MS may experience cell reselection towards cells of other RATs not belonging to an equivalent PLMN of the registered PLMN.  Setting different priorities for frequencies belonging to different PLMN but same RAT may favor one PLMN over the other in areas covered by both PLMNs.
2. A network sharing supporting mobile station shall still, however, when provided read thresholds and signal levels used to control idle mode mobility to UTRAN and E-UTRAN in SI2quater. For supporting mobile stations thresholds in SI23 have precedence over thresholds in SI2quater. 
3. A network sharing supporting mobile station reads frequencies and priorities used for cell re-selection to UTRAN and E-UTRAN in a new system information message SI23. SI 23 is broadcast on BCCH extended on TC=1 or TC=5 (see Appendix A for details). Moreover, SI23 broadcast indication is provided within SI22. 
4. The maximum number or frequencies per RAT and mode (TDD or FDD) per PLMN is set to three (3). This limitation is aligned with the MS minimum monitoring requirements in TS 45.008 sub-clause 6.6.4 and agrees well with operator needs. This implies a worst case broadcasting scenario of 15 UTRAN frequencies and 30 E-UTRAN frequencies (UTRAN TDD and FDD is not expected to be deployed within one and the same PLMN).
5. Some kind of rotation of UTRAN and E-UTRAN frequencies provided in SI2ter/SI2quater is needed in order to support the possibility of PLMN continuity for legacy mobile stations. The details of how to perform the UTRAN and E-UTRAN frequency/cell rotation is implementation specific.
6. Preventing a network sharing supporting mobile station from unnecessarily re-reading SI2quater due to simple rotation of UTRAN and E-UTRAN frequencies provided in SI2quater requires the addition of a new code point 10 in the SI_CHANGE_FIELD in SI13 (i.e. a network sharing supporting mobile station should re-read SI2quater only when changes not related to rotation of frequencies have been made). Moreover, a network sharing supporting MS should ignore code point 2 in the SI_CHANGE_FIELD in SI13 since this will be used to signal to legacy MSs that a new version of SI2quater is available which includes the case of simple rotation of  UTRAN and E-UTRAN frequencies. Since code point 2 also may indicate changes to SI2, SI2bis or SI2ter, the meaning of the new code point 10 should thus be: 
Update of SI2, SI2 bis, SI2ter messages or changes to SI2quater not related to UTRAN and E-UTRAN frequency list rotation. 
If finer granularity of the  changes associated with a code point 10 based change indication are required then, e.g., a two bit Rel-12 extension to the SI13 rest octets could be added specifying which of the SI2, SI2 bis, SI2ter or SI2quater messages that actually have changed. 

7. The SI9 Rest octets need to be updated to provide scheduling information about the new SI23 message. 

8. Support of mobility to CSG cells and CMDA2000 cells is not included in Rel-11. The supporting companies would encourage GERAN to discuss if such support should be included in later releases. 
4 Conclusion

In order to support the need for inter RAT mobility in a network sharing scenario it is proposed to introduce a new system information message SI23, based on the way forward described in section 3. It is further proposed to broadcast SI23 on BCCH extended using either TC=1 or TC=5 but not on both resulting in a frequency of broadcasting on par or better than that of SI2quater. For a realistic network deployment scenario this implies a total acquisition time of SI23 of 11.3 seconds when broadcast on TC=5 or 5.6 seconds when broadcast on TC=1 (see use case 2 in Appendix A). 
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6 Appendix A
6.1 Introduction
New information to be broadcast as system information can either be added to an existing system information message or added as a new system information message. To be able to determine the best solution an analysis of the two separate approaches is needed. The details for how and when to broadcast the system information messages is specified in TS 45.002[6], 
Adding a frequency and respective priority requires about 20 bits of information. Taking the worst case scenario of broadcasting 15 UTRAN and 30 E-UTRAN frequencies would require some 900 bits or roughly 6 instances of system information (provided each SI instance may carry maximum 20 octets of pay load). A more realistic scenario would be two UTRAN and three E-UTRAN frequencies (TDD and FDD together) per PLMN. This would add roughly 3 instances to a new (or to an already existing) system information message.  
6.2 Use Case 1 – Extending SI22
For this case the new information to be broadcast is added to SI22 which already contains network sharing information. SI22 will be sent every occurrence of TC = 2 and TC = 6 on the BCCH extended. Adding, in worst case scenario, 6 instances of new system information would increase the acquisition time and hence the PLMN selection time with ~5.4 seconds. Considering the more realistic scenario of adding 3 instances of system information message the additional PLMN selection time would increase with ~2.6 seconds. The total nominal acquisition time will in the two cases be (assuming two instances are required for the MOCN related information already planned for inclusion in SI22) about 7.3 (i.e. 8 instances of SI22 in total) and 4.5 seconds (i.e. 5 instances of SI22 in total), respectively. Neither of these nominal acquisition times are seen as being acceptable in light of the network sharing information to be supported by SI22.
6.3 Use Case 2 – New SI23 message on par with SI2quater
For this case the required set of SI messages to be transmitted using BCCH Norm and BCCH Ext. are listed below. For Tables 1 and 2 below TC = (FN DIV 51) mod (8). The target for this use case is to identify a broadcasting scenario for a new SI23 message on par or better than SI2quater. The motivation for this is that the content of the SI2quater and SI23 messages are similar and have the same purpose but for legacy and network sharing supporting mobile stations, respectively.
· SI 1

· SI 2

· SI2ter

· SI 2bis

· SI 2quater (BCCH extended)
· SI 3

· SI 4

· SI 7 (BCCH Extended)

· SI 8 (BCCH Extended)

· SI 13 (BCCH Extended)
· SI 15

· SI21 (BCCH Extended)

· SI22 (BCCH Extended)

	Instance of 

51-multi-frame
	Block Dedicated Content

	
	TC = 0
	TC = 1
	TC = 2
	TC = 3
	TC = 4
	TC = 5
	TC = 6
	TC = 7

	0 - 7
	SI 1
	SI 2
	SI 3
	SI 4
	SI2ter
	SI 2bis
	SI 3
	SI 4

	8 - 15
	SI 1
	SI 2
	SI 3
	SI 4
	SI2ter
	SI 2bis
	SI 3
	SI 4

	16 - 23
	SI 1
	SI 2
	SI 3
	SI 4
	SI15
	SI 2bis
	SI 3
	SI 4

	24 - 31
	SI 1
	SI 2
	SI 3
	SI 4
	SI15
	SI 2bis
	SI 3
	SI 4

	32 - 39
	SI 1
	SI 2
	SI 3
	SI 4
	SI2ter
	SI 2bis
	SI 3
	SI 4

	40 - 47
	SI 1
	SI 2
	SI 3
	SI 4
	SI2ter
	SI 2bis
	SI 3
	SI 4

	48 - 55
	SI 1
	SI 2
	SI 3
	SI 4
	SI15
	SI 2bis
	SI 3
	SI 4

	56 - 63
	SI 1
	SI 2
	SI 3
	SI 4
	SI15
	SI 2bis
	SI 3
	SI 4

	…
	…
	…
	…
	…
	…
	…
	…
	…


Table 1 – BCCH Normal Use Case 2
	Instance of 

51-multi-frame
	Block 0 Content

	
	TC = 0
	TC = 1
	TC = 2
	TC = 3
	TC = 4
	TC = 5
	TC = 6
	TC = 7

	0 - 7
	SI 13
	FREE
	SI22
	SI 8
	SI21
	SI2quater
	SI22
	SI 7

	8 – 15
	SI 13
	FREE
	SI22
	SI 8
	FREE
	FREE
	SI22
	SI 7

	16 - 23
	SI 13
	FREE
	SI22
	SI 8
	FREE
	SI2quater
	SI22
	SI 7

	24 - 31
	SI 13
	FREE
	SI22
	SI 8
	FREE
	FREE
	SI22
	SI 7

	32 - 39
	SI 13
	FREE
	SI22
	SI 8
	SI21
	SI2quater
	SI22
	SI 7

	40 - 47
	SI 13
	FREE
	SI22
	SI 8
	FREE
	FREE
	SI22
	SI 7

	48 - 55
	SI 13
	FREE
	SI22
	SI 8
	FREE
	SI2quater
	SI22
	SI 7

	56 - 63
	SI 13
	FREE
	SI22
	SI 8
	FREE
	FREE
	SI22
	SI 7

	…
	…
	…
	…
	…
	…
	…
	…
	…


Table 2 – BCCH Extended Use Case 2
· The 51-multiframes marked as FREE in Table 2 can be used to send new SI information.
· The most straight forward alternative is to broadcast SI23 on TC=5 in parallel with SI2quater (i.e. using the green shaded cells of Table 2).  Broadcasting SI23 on every second occurrence of TC=5 on BCCH extended would mean a total acquisition time of this new message of ~ 22.6 seconds (6 instances sent over 12 cycles of BCCH Ext. ( 12*1.88 = 22.6) for the worst case scenario and ~11.3 seconds for the more realistic scenario (3 instances sent over 6 cycles of BCCH Ext. ( 6*1.88 = 11.3).  

· Alternatively, if a faster acquisition time is considered necessary SI23 could be scheduled on three out of four occurrences of TC=5 since the minimum requirement on SI2quater is once every fourth occurrence of TC=5. This would reduce the acquisition time to 15.0 and 7,5 seconds for the worst case and more realistic scenarios, respectively. Another alternative with similar acquisition time is to broadcast SI 23 together with SI21 on TC=4 (i.e. using the turquoise shaded cells in Table 2). 

· Alternatively, if even faster acquisition time is considered necessary SI23 could be broadcast on every occurrence of TC=1 on BCCH extended (i.e. using the yellow shaded cells of Table 2). This would mean a total acquisition time of this new message of 11.3 seconds  (6*1.88=11.3) for the worst case scenario (i.e. 6 message instances) and 5.6  seconds (3*1.88 = 5.6 sec) for the more realistic scenario (i.e. 3 message instances).
· It should be further noted that if SI2ter and SI2bis are not broadcast on BCCH norm then SI2quater shall be sent on TC=5 on BCCH norm thus allowing SI23 to be broadcast on every occurrence of TC=5 on BCCH extended. 

· The analysis above has identified various alternatives of broadcasting SI23 on TC=1, TC=4 or TC=5 each with different possible acquisition times. The alternative to broadcast SI23 on TC=4 is not included in the final proposal as this alternative, in terms of acquisition time, is encompassed by the other two options. 
· Finally, in order to take different broad casting scenarios into account, it proposed to allow SI23 to be broadcast on BCCH extended using either TC=1 or TC=5 but not on both. 
6.4 Summary
Analysis of the different use-cases has identified that the most favorable solution for broadcasting additional network sharing information is to introduce a new system information message SI23 to be broadcast on BCCH Extended using either TC=1 or TC=5 but not on both.
7 Appendix B – SI23 Rest Octets Coding

7.1 Introduction

The SI23 rest octets coding is based on the principal content of SI2quater but aimed at providing the equivalent information on a PLMN unique basis. Fields that have been judged to be irrelevant for SI23 have been taken out; fields that still are unclear have been kept but highlighted with yellow. The sourcing companies encourage GERAN to provide feedback.
7.2 SI23 Rest Octets

	< SI 23 Rest Octets > ::= 


< SI 23_CHANGE_MARK : bit (2) >


< SI 23_INDEX : bit (3) >


< SI 23_COUNT : bit (3) >


{ 0 | 1 < Absolute_Index_Start_EMR : bit (7) > }

{ 0
-- UTRAN threshold info not provided



|1




< DEFAULT_THRESH_UTRAN_high : bit(5) >


{ 0 | 1
< DEFAULT_THRESH_UTRAN_low : bit(5) > }


{ 0 | 1
< DEFAULT_UTRAN_QRXLEVMIN: bit(5) > } }

{ 0
-- E-UTRAN threshold info not provided



|1




< DEFAULT_THRESH_E-UTRAN_high: bit(5) >



{ 0 | 1
< DEFAULT_THRESH_E-UTRAN_low: bit(5) > }



{ 0 | 1
< DEFAULT_E-UTRAN_QRXLEVMIN : bit(5) > } }


{ < Priority and UTRAN Frequency Description for the common PLMN :


< Priority and UTRAN Frequency Description struct >> }


{ < Priority and E-UTRAN Parameters Description for the common PLMN : 


< Priority and E-UTRAN Parameters Description struct >> }}

< Nb_Additional_PLMNs : bit (2) >



{ < PLMN index : bit (2) >


{ < Priority and UTRAN Frequency Description : 

< Priority and UTRAN Frequency Description struct >> }

{ < Priority and E-UTRAN Parameters Description : 


< Priority and E-UTRAN Parameters Description struct >> } } * ( val (Nb_Additional_PLMNs)+1)

< spare padding > ;

	< Priority and UTRAN Frequency Description struct > ::=

{ 0
-- no information provided for the current PLMN


| 1


( 0 | 1 < Index_Start_3G : bit (7) > }

{ 0 | 1  < DEFAULT_UTRAN_PRIORITY : bit(3) > }

{ 0 | 1 
< THRESH_UTRAN_high : bit(5) >



{ 0 | 1
< THRESH_UTRAN_low : bit(5) > }



{ 0 | 1
< UTRAN_QRXLEVMIN: bit(5) > }}

{ 0 | 1 < UTRAN FDD Description : < UTRAN FDD Description struct >> }


{ 0 | 1 < UTRAN TDD Description : < UTRAN TDD Description struct >> }

} ;

	< UTRAN FDD Description struct > ::=


{ 0 | 1 < Bandwidth_FDD : bit (3) > }

< NR_OF_FDD_FREQUENCIES : bit (2) >

{ < UTRAN FDD Neighbour Frequency and Priority : 

< UTRAN FDD Neighbour Frequency and Priority struct >> } *( val (NR_OF_FDD_FREQUENCIES)) ;



	< UTRAN FDD Neighbour Frequency and Priority struct > ::=


< FDD-ARFCN : bit (14) > 

{ 0 | 1  < UTRAN_PRIORITY : bit(3) > }


	< UTRAN TDD Description struct > ::=


{ 0 | 1 < Bandwidth_TDD : bit (3) > }

< NR_OF_TDD_FREQUENCIES : bit (2) >


{ UTRAN TDD Neighbour Frequency and Priority : 

UTRAN TDD Neighbour Frequency and Priority struct > } *( val (NR_OF_TDD_FREQUENCIES)) ;


	< UTRAN TDD Neighbour Frequency and Priority struct > ::=


< TDD-ARFCN : bit (14) >

{ 0 | 1  < UTRAN_PRIORITY : bit (3) > } ;


	< Priority and E-UTRAN Parameters Description struct > ::= 

{ 0
-- no information provided for the current PLMN


| 1


< NR_OF_E-UTRAN_FREQUENCIES : bit (3) >


< E-UTRAN_CCN_ACTIVE : bit >

{ 0 | 1 < DEFAULT_E-UTRAN_PRIORITY : bit(3) > }

{ 0 | 1 
< THRESH_E-UTRAN_high: bit(5) >



{ 0 | 1
< THRESH_E-UTRAN_low: bit(5) > }



{ 0 | 1
< E-UTRAN_QRXLEVMIN : bit(5) > }};

{< E-UTRAN Neighbour Frequency and Priority : < E-UTRAN Neighbour Frequency and Priority struct >> } *


 ( val (NR_OF_E-UTRAN_FREQUENCIES))

{ 1 < Repeated E-UTRAN Not Allowed Cells : < Repeated E-UTRAN Not Allowed Cells struct >> } ** 0

{ 1 < Repeated E-UTRAN PCID to TA mapping : < Repeated E-UTRAN PCID to TA mapping struct >> } ** 0 
} ;

	< E-UTRAN Neighbour Frequency and Priority struct > ::=

{ 1 < EARFCN : bit (20) >


{ 0 | 1 < Measurement Bandwidth : bit (3) > }


{ 0 | 1 < E-UTRAN_PRIORITY : bit(3) > }



	< Repeated E-UTRAN Not Allowed Cells struct > ::=


< Not Allowed Cells : < PCID Group IE >> 


{ 1 < E-UTRAN_FREQUENCY_INDEX : bit(3) > } ** 0 ;  



	< Repeated E-UTRAN PCID to TA mapping struct > ::=


{ 1






-- each repetition corresponds to a different TA


< PCID to TA mapping : < PCID Group IE >>
-- group of PCIDs belonging to the same TA

} ** 0

{ 1 < E-UTRAN_FREQUENCY_INDEX : bit(3) > } ** 0


1(9)
2(9)

