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1.
Introduction
In last RAN2#84 meeting discussion took place based on [1], [2] for clarifying the MFBI signalling for extended EARFCNs and E-UTRA frequency bands in IE “E-UTRA frequency and priority info list” (section 10.3.7.115) as part of SIB19 in 25.331 [3]. 
As result, it was confirmed that MFBI signalling from legacy and extended range is allowed for both the legacy and extended EARFCN range, and that the respective procedural (section 8.6.7.3c) and tabular description (section 10.3.7.115) need to be updated accordingly. However, no consensus could be reached on the stage 3 details to fix the signalling issues. 
In view of the results from last meeting in this contribution we address the main issues related to MFBI signalling in more detail.
2.
Discussion
In RAN2#84 meeting the relation of EARFCNs and E-UTRA frequency bands for MFBI signalling as shown in Figure 1 below was confirmed, i.e. MFBI signalling from legacy and extended range is allowed for both the legacy and extended EARFCN range. In Figure 1 only the relevant top level IEs of “E-UTRA frequency and priority info list” (section 10.3.7.115) are shown (referred to as A, B, C, D), including the value ranges for EARFCNs and E-UTRA frequency bands.
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Figure 1: Relation of EARFCNs and E-UTRA frequency bands for MFBI signalling
However, no consensus could be reached on the stage 3 details to fix the signalling issues in the respective procedural (section 8.6.7.3c) and tabular description (section 10.3.7.115). Therefore, we address in the following the main issues related to MFBI signalling in more detail.

In Figure 2 an exemplary signalling structure of E-UTRA frequency and priority, E-UTRA frequency and priority extension, Multiple E-UTRA frequency info list and Multiple E-UTRA frequency info extension list in accordance with the current tabular description is depicted. In the example the following configuration has been considered:

· E-UTRA frequency and priority: List contains 4 entries for EARFCN, priority etc. given by “Number of applicable EARFCN”.

· E-UTRA frequency and priority extension: List contains 3 entries for EARFCN, priority etc. given by “<= (maxNumEUTRAFreqs - Number of applicable EARFCN)”.

· Multiple E-UTRA frequency info list: List contains 4 entries for “Multiple E-UTRA frequency band indicator list” given by “Number of applicable EARFCN”. Furthermore, each “Multiple E-UTRA frequency band indicator list” can contain up to <maxMultipleFrequencyBandsEUTRA> E-UTRA frequency bands.
· Multiple E-UTRA frequency info extension list: List contains 3 entries for “Multiple E-UTRA frequency band indicator extension list” given by “<= (maxNumEUTRAFreqs - Number of applicable EARFCN)”. Furthermore, each “Multiple E-UTRA frequency band indicator extension list” can contain up to <maxMultipleFrequencyBandsEUTRA> E-UTRA frequency bands.
According to RRC the following restrictions apply:

· Maximum number of EUTRA centre frequencies to store  <maxNumEUTRAFreqs> = 8
· Maximum number of additional frequency bands broadcasted in SIB19 <maxMultipleFrequencyBandsEUTRA> = 8

[image: image2.emf]E-UTRA frequency and 

priority list

E-UTRA frequency and 

priority extension list

Index 0 7 0 7

Index 0 7 0 7

Band #1

Band #2

Band #8

Band #1

Band #2

Band #8

EARFCN #4, prio V, ...

EARFCN #3, prio U, ...

EARFCN #2, prio Y, ...

EARFCN #1, prio X, ...

EARFCN #3, prio N, ...

EARFCN #2, prio M, ...

EARFCN #1, prio L, ...

Number of applicable EARFCN <= (maxNumEUTRAFreqs -Number of applicable EARFCN)

Number of applicable EARFCN <= (maxNumEUTRAFreqs -Number of applicable EARFCN)

Multiple E-UTRA frequency info list

Multiple E-UTRA frequency info 

extension list

maxMultipleFrequency

BandsEUTRA

maxMultipleFrequency

BandsEUTRA


Figure 2: Signalling structure of E-UTRA frequency and priority, E-UTRA frequency and priority extension, Multiple E-UTRA frequency info list and Multiple E-UTRA frequency info extension list acc. to current tabular description
However, from Figure 2 there are following issues for clarification (the issues have been highlighted in red):

1. Due to the fact that in last meeting it was confirmed that each signalled EARFCN (legacy or extended) can be associated with a list of bands both from legacy and extended band indicator lists, the number of entries in each of the band indicator lists should be the sum of “(number of entries in E-UTRA frequency and priority + number of entries in E-UTRA frequency and priority extension)”. It should be noted that an empty band list is still considered as an entry.
2. The sum of entries in “Multiple E-UTRA frequency band indicator list”and “Multiple E-UTRA frequency band indicator extension list” that can be associated with an EARFCN (legacy + extended) may result in total 16 E-UTRA frequency bands. 

3. Referring to the MFBI signalling as specified in SIB5/5bis/6 the band prioritization within a band indicator list is done based on the given order of appearance, i.e. the first band in the list indicates the 1st priority, the second band in the list indicates the 2nd priority and so on. But in case bands both from “Multiple E-UTRA frequency band indicator list”and “Multiple E-UTRA frequency band indicator extension list” are associated with an EARFCN (legacy + extended) then it is not clear according to which prioritization rule the bands of the different band indicator lists should be treated.
To fix the bullet points 1) and 2) above we are proposing the signalling structure of E-UTRA frequency and priority, E-UTRA frequency and priority extension, Multiple E-UTRA frequency info list and Multiple E-UTRA frequency info extension list as depicted in Figure 3 (the proposed changes have been highlighted in blue):
· The number of entries in “Multiple E-UTRA frequency info list” and “Multiple E-UTRA frequency info extension list” should be the sum of “(number of entries in E-UTRA frequency and priority + number of entries in E-UTRA frequency and priority extension)”.
· The number of entries in “Multiple E-UTRA frequency band indicator list” and “Multiple E-UTRA frequency band indicator extension list” may contain up to <maxMultipleFrequencyBandsEUTRA> E-UTRA frequency bands, but the sum of entries should not exceed the maximum value of <maxMultipleFrequencyBandsEUTRA> = 8. 

Proposal 1: RAN2 is asked to discuss and agree on the proposed signalling structure of E-UTRA frequency and priority, E-UTRA frequency and priority extension, Multiple E-UTRA frequency info list and Multiple E-UTRA frequency info extension list as depicted in Figure 3.
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Figure 3: Proposed signalling structure of E-UTRA frequency and priority, E-UTRA frequency and priority extension, Multiple E-UTRA frequency info list and Multiple E-UTRA frequency info extension list
To fix the bullet point 3) on band prioritization in case bands both from “Multiple E-UTRA frequency band indicator list” and “Multiple E-UTRA frequency band indicator extension list” are associated with an EARFCN (legacy + extended), we have identified 5 basic options:

· Option 1: Bands given by “Multiple E-UTRA frequency info list” have per default higher priority than the ones given by “Multiple E-UTRA frequency info extension list”.
· Option 2: Bands given by “Multiple E-UTRA frequency info extension list” have per default highter priority than the ones given by “Multiple E-UTRA frequency info list”.
· Option 3 to 5: UTRAN can signal flexibly the priorities of the bands in “Multiple E-UTRA frequency info list” and “Multiple E-UTRA frequency info extension list”. This can be achieved by using a dummy or reserved value in “Multiple E-UTRA frequency band indicator list” and/or “Multiple E-UTRA frequency band indicator extension list”. For instance, according to option 3 if a list element in “Multiple E-UTRA frequency band indicator extension list” is set to a dummy value, the subsequent entry from IE “Multiple E-UTRA frequency band indicator list” shall be taken into account by the UE at this position, starting with the first entry of the “Multiple E-UTRA frequency band indicator list”.
The different options are depicted in Figure 4. In Figure 4 an example is shown where 3 bands in “Multiple E-UTRA frequency info list” and 2 bands in “Multiple E-UTRA frequency info extension list” are signalled.
Proposal 2: RAN2 is asked to discuss the options for band prioritization as depicted in Figure 4 and to decide on the option to specify in RRC.
In [4] we have submitted a CR to 25.331 in where corrections to the tabular description (section 10.3.7.115) have been made in accordance with the proposed signalling structure as depicted in Figure 3 and option 3 with regard to band prioritization as depicted in Figure 4.
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Figure 4: Options for band prioritization
3.
Summary
In this contribution the main issues related to MFBI signalling for extended EARFCNs and E-UTRA frequency bands have been addressed in more detail. To fix these issues the following proposals have been made:
Proposal 1: RAN2 is asked to discuss and agree on the proposed signalling structure of E-UTRA frequency and priority, E-UTRA frequency and priority extension, Multiple E-UTRA frequency info list and Multiple E-UTRA frequency info extension list as depicted in Figure 3.

Proposal 2: RAN2 is asked to discuss the options for band prioritization as depicted in Figure 4 and to decide on the option to specify in RRC.
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ANNEX
Reference: 3GPP TS 25.331 V11.8.0 (2013-12)
10.3.7.115
E-UTRA frequency and priority info list
Contains information about neighbour E-UTRA frequencies (with associated blacklists), together with priority based reselection information.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	E-UTRA frequency and priority
	
	1 to <maxNumEUTRAFreqs>
	
	NOTE 2
	REL-8

	>EARFCN
	MP
	
	Integer(0..65535)
	EARFCN of the downlink carrier frequency [64]

It is always ensured by the UTRAN that more than one entry for the same physical frequency is not configured regardless of the EARFCN used to indicate this.
	REL-8

	>Measurement Bandwidth
	MD
	
	Enumerated(6, 15, 25, 50, 75, 100)
	Measurement bandwidth information common for all neighbouring cells on the carrier frequency. It is defined by the parameter Transmission Bandwidth Configuration, NRB [36.104]. The values indicate the number of resource blocks over which the UE could measure. Default value is 6.
	REL-8

	>priority
	MP
	
	Integer (0..<maxPrio–1>)
	0 is the lowest priority and maxPrio-1 is the highest.
	REL-8

	>QrxlevminEUTRA
	MP
	
	Integer (-140..-44 by step of 2)
	RSRP, [dBm]
	REL-8

	>Threshx, high
	MP
	
	Integer (0..62 by step of 2)  
	RSRP, dB


	REL-8

	>Threshx, low
	MP
	
	Integer (0..62 by step of 2)  
	RSRP, dB


	REL-8

	>QqualminEUTRA
	MD
	
	Integer (-34..-3)
	RSRQ, dB

default value is negative infinity
	REL-9

	>Threshx, high2
	OP
	
	Integer (0..31)
	RSRQ, dB


	REL-9

	>Threshx, low2
	OP
	
	Integer (0..31)
	RSRQ, dB


	REL-9

	>QqualminEUTRA-WB
	CV-WB-RSRQ
	
	Integer

(-34..-3)
	RSRQ, dB, 

If this IE is present, the UE shall, when performing RSRQ measurements, use a wider bandwidth in accordance with TS 36.133 [74]
	REL-11

	>Blacklisted cells per freq list
	OP
	1 to <maxEUTRACellPerFreq>
	
	
	REL-8

	>>Physical Cell identity
	MP
	
	Integer (0..503)
	A list of blacklisted cells can be signalled per frequency
	REL-8

	>E-UTRA detection
	MP
	
	Boolean
	‘TRUE’ means that the UE may detect the presence of a E-UTRA cell and report to NAS.

NOTE 1.
	REL-8

	Number of applicable EARFCN
	CV-EARFCNBands
	
	Integer (0..7)
	The number N of EARFCN in "E-UTRA frequency and priority" or "Multiple E-UTRA frequency info list" which are applicable.

If present this IE indicates the first N occurances of EARFCN in "E-UTRA frequency and priority" or "Multiple E-UTRA frequency info list" which shall be read by UE.  
	REL-11

	E-UTRA frequency and priority extension
	OP
	1 to <maxNumEUTRAFreqs>
	
	NOTE 2
	REL-11

	>EARFCN extension
	MP
	
	Integer (65536..262143)
	EARFCN of the downlink carrier frequency [64]. It is always ensured by the UTRAN that more than one entry for the same physical frequency is not configured regardless of the EARFCN used to indicate this
	REL-11

	>Measurement Bandwidth
	MD
	
	Enumerated(6, 15, 25, 50, 75, 100)
	Measurement bandwidth information common for all neighbouring cells on the carrier frequency. It is defined by the parameter Transmission Bandwidth Configuration, NRB [36.104]. The values indicate the number of resource blocks over which the UE could measure. Default value is 6.
	REL-11

	>priority
	MP
	
	Integer (0..<maxPrio–1>)
	0 is the lowest priority and maxPrio-1 is the highest.
	REL-11

	>QrxlevminEUTRA
	MP
	
	Integer (-140..-44 by step of 2)
	RSRP, [dBm]
	REL-11

	>Threshx, high
	MP
	
	Integer (0..62 by step of 2)  
	RSRP, dB


	REL-11

	>Threshx, low
	MP
	
	Integer (0..62 by step of 2)  
	RSRP, dB


	REL-11

	>QqualminEUTRA
	MD
	
	Integer (-34..-3)
	RSRQ, dB

default value is negative infinity
	REL-11

	>Threshx, high2
	OP
	
	Integer (0..31)
	RSRQ, dB


	REL-11

	>Threshx, low2
	OP
	
	Integer (0..31)
	RSRQ, dB


	REL-11

	>QqualminEUTRA-WB
	CV-WB-RSRQ
	
	Integer

(-34..-3)
	RSRQ, dB, 

If this IE is present, the UE shall, when performing RSRQ measurements, use a wider bandwidth in accordance with TS 36.133 [74]
	REL-11

	>Blacklisted cells per freq list
	OP
	1 to <maxEUTRACellPerFreq>
	
	
	REL-11

	>>Physical Cell identity
	MP
	
	Integer (0..503)
	A list of blacklisted cells can be signalled per frequency
	REL-11

	>E-UTRA detection
	MP
	
	Boolean
	‘TRUE’ means that the UE may detect the presence of a E-UTRA cell and report to NAS.

NOTE 1.
	REL-11

	Multiple E-UTRA frequency info list
	OP
	1 to <maxNumEUTRAFreqs>
	
	Each entry in the list corresponds to an entry in the "E-UTRA frequency and priority" IE.
	REL-10

	>Multiple E-UTRA frequency band indicator list
	OP
	1 to <maxMultipleFrequcyBandsEUTRA>
	
	Indicates, per neighbour EARFCN, a list of frequency bands which the E-UTRA  cells belong to.

Absence of this IE indicates that there are no Multiple Bands for the particular EARFCN.
	REL-10

	>>E-UTRA Frequency band
	MP
	
	Integer (1..64)
	As defined in [64].
	REL-10

	Multiple E-UTRA frequency info extension list
	OP
	1 to <maxNumEUTRAFreqs>
	
	Each entry in the list corresponds to an entry in the "E-UTRA frequency and priority" IE.

NOTE 3
	REL-11

	>Multiple E-UTRA frequency band indicator extension  list
	OP
	1 to <maxMultipleFrequcyBandsEUTRA>
	
	Indicates, per neighbour EARFCN, a list of frequency bands which the E-UTRA cells belong to.

Absence of this IE indicates that there are no Multiple Bands for the particular EARFCN.
	REL-11

	>>E-UTRA Frequency band extension
	OP
	
	Integer (65..256)
	As defined in [64].


	REL-11

	NOTE 1:
If the value of "E-UTRA detection" is not identical across the frequency layers, UE behaviour is unspecified.

	NOTE 2:
The number of instances of IE "E-UTRA frequency and priority extension" shall be less than or equal to maxNumEUTRAFreqs – the value specified in IE "Number of applicable EARFCN"  

	NOTE 3:
The number of instances of IE "Multiple E-UTRA frequency info list" shall be less than or equal to maxNumEUTRAFreqs – the value specified in IE "Number of applicable EARFCN"  


NOTE:
The network should ensure that priorities for different Radio Access Technologies are always different.

NOTE:
The network should ensure that priorities for which both Threshx,high2 and Threshx,low2 are provided are always different from the priorities for which both Threshx,high2 and Threshx,low2 are not provided.

	Condition
	Explanation

	EARFCNBands
	This IE is mandatory present when the number of instances of IE "E-UTRA frequency and priority" and IE "E-UTRA frequency and priority extension" combined is greater than maxNumEUTRAFreqs, otherwise it is not needed.

	WB-RSRQ
	The field is optionally present if the measurement bandwidth indicated by Measurement Bandwidth is 50 resource blocks or larger. Otherwise it is not needed.
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