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1 Introduction
In between RAN2#79bis and RAN2#80 an interesting email discussion took place w.r.t. more detailed aspects of the "Multiple Frequency Band Indication"(MFBI) feature.

In this contribution we would like to summarise our current understanding and list the proposals that we understand are necessary to get a working solution.

2 Requirements

We assume that the following requirements exist for a complete MFBI solution:

A) It should be possible to handle legacy UE's in accordance with specified legacy behaviour (i.e. no new requirements for UE's in the field)

B) It might be desirable for a network to realise a consistent UE mobility in IDLE and CONN, in order to avoid ping-pong at state transitions.

3 Rationale
3.1 Legacy UE
A legacy UE will only look at the "legacy signalling", i.e. not consider the MFBI extension.

IDLE:

· 
The UE will only consider a cell suitable if the legacy signalling in SIB1 indicates a band the UE supports. Otherwise the UE will consider the cell barred.
CONN:

· 
Currently a UE is required to acquire SIB1/2 asap after handover. The UE shall then take latest received information into account including band/NS signalling (RF behaviour) for which MCI provides initial values to be updated by broadcast signalling. 

· 
It is unclear what the UE behaviour is when handed over to a cell which indicates in legacy signalling a band the UE does not support. UE could consider this a network configuration error and e,g. release the connection.

Therefore it is clear that the network should be able in CONNECTED to differentiate a UE supporting MFBI and a UE not supporting MFBI in order to avoid invalid handover instructions to legacy UE's.
Proposal 1:
Introduce signalling to make the network aware of whether the UE supports the MFBI mechanism. 

3.2 MFBI supporting UE
3.2.1 IDLE mode

3.2.1.1 Based on current signalling

The current signalling solution requires a UE supporting the MFBI extension signalling in IDLE to understand the EARFCN values used in legacy signalling i.e. SIB2 and SIB5 for normal IDLE mode behaviour. If the UE does not understand the EARFCN numbering of the band in legacy signalling, the UE will:

a) 
Not understand the UL EARFCN in SIB2
- In theory this might lead to using a wrong UL frequency. 

b) 
The UE will not be able to perform intra-band inter-frequency measurements
- This will result in incorrect IDLE mode reselection behaviourWithout enhancements (see section 3.2.1.2), the question is whether the UE in IDLE should still be allowed to operate on the concerning frequency. The UE will have no immediate problems related to the serving cell or intra-feq mobility as far as we understand (as long as the default duplex distance is applicable). 

Bullet a) does not seem important: as long as one of the existing bands is listed in extension MFBI signalling, the cell will be using the existing fixed duplex distance anyway and it is unlikely that such a cell would need to signal the UL EARFCN.

Offline during RAN2#79bis it was suggested that such a UE should not camp on this frequency/cell. Therefore RAN2 is requested to consider whether this is an appropriate action or whether this is a to severe limitation:

Proposal 2a:
A UE supporting MFBI in IDLE only considers a cell for camping if at least one band the UE supports is signalled in SIB1 and the UE understands the EARFCNs of the band indicated in legacy signalling in SIB1. Otherwise the UE considers the cell barred and considers IFRI="not allowed".

Alternatively we could let the UE camp/access such a cell normally, and accept the problems/limitations as listed above:
Proposal 2b:
A UE supporting MFBI in IDLE only consider a cell for camping if at least one band the UE supports is signalled in SIB1. Otherwise the UE should consider the cell barred and consider IFRI="not allowed".
Note that proposal 2b is already captured in 36.331. We currently assume that proposal 2a is too drastic and thus probably proposal 2b is the preferable solution direction.
3.2.1.2 (Signalling) enhancements
The most significant problem listed in the previous section is probably that the UE might not measure on neighbour frequencies listed in SIB5 which might have a higher priority, even though these frequencies are part of a band the UE supports.

Part of this problem can be resolved if the operator would always list the "oldest band" (i.e. band with lowest band number in LTE) first. However this might not always be possible.

Several enhancements could be considered to overcome this problem:

A) 
Update the signalling in SIB5 with EARFCN numbers in addition to the band list
B) 
Broadcast the DL EARFCN of the current serving frequency e.g. in SIB1 or SIB3
In this case, based on the EARFCN distance between the current serving frequency and intra-band neighbour frequencies (both expressed in the EARFCN numbering of the current band), the UE would still be able to know what physical frequency to measure
C) 
Specify that the UE should deprioritise any frequency which signals a band in SIB1/5 legacy part for which the UE does not understand the EARFCN's

D) 
....

It is proposed for RAN2 to discuss whether any enhancement is worth to be introduced:
Proposal 3:
Discuss whether any IDLE mode enhancements as described in 3.2.1.2 should be introduced.
If the specifications mandate understanding of overlapping EARFCN's quite strongly, and if operators typically list oldest bands in legacy signalling, the occurrence of this problem case might be quite rare. As long as this situation is rare, we might not need to introduce any enhancements.
3.2.2 CONNECTED mode
3.2.2.1 Capability signalling: "EARFCN-understanding"

If we would select proposal 2a and want to prevent inter-freq pingpong at state transitions, we assume that we need to introduce UE capability related to non-supported bands the UE understands the EARFCNs for. This is explained in Annex A.

However if we assume that we can go for proposal 2b (with or without signalling enhancements as listed in section 3.2.1.2), then there seems no further urgent problem related to connected mode mobility: i.e. the eNB knows what bands the UE supports, knows what bands the cell is part of (according to SIB1) and thus knows whether it should/should not handover a UE to a cell in CONNECTED mode in alignment with the UE mobility in IDLE.
Proposal 4:
No need for UE capability signalling related to EARFCN-understanding.
3.2.2.2 Band selection

As described in section 3.1, a legacy UE will in CONNECTED update its RF behaviour based on SIB1/SIB2 information. Since the legacy UE should only be handed to cells indicating a band the UE supports in legacy broadcast signalling (in order to avoid state-transition ping-pong), we see no need to change this behaviour for the non-MFBI supporting UE.

Proposal 5: 
No change is required w.r.t. how a non-MFBI supporting UE acts on the band/NS information signalled in legacy broadcast signalling.
For the UE supporting the MFBI feature, the question is whether the band prioritisation should be controlled based on common or dedicated control ?

A) Common control

· 
In this type of approach, the MFBI UE in CONNECTED would examine all bands broadcast in SIB1, apply its prioritisation rules and apply the NS value corresponding to the selected band. 

B) Dedicated control

· 
Specify that an MFBI supporting UE ignores any band/NS signalling in SIB1/2.   

With alternative B) it will not be possible to update the NS value for a cell with common control without bringing the cell down temporarily. However change of NS value is probably a very unlikely event and therefore this could hardly be considered a drawback.

Although one could argue that common control is closer to the existing legacy behaviour, we assume dedicated control is more logical/simple.

Proposal 6: 
A UE supporting MFBI shall in CONNECTED take no action related to band/NS signalling for the serving cell'
3.2.3 MFBI capability support required by which UE's ?
Next question is for which UE MFBI support is required.
1. 
Given the problems with introducing a late Rel-8 capability, it might be better to only introduce the capability from Rel-9 which also seems sufficient.

2. 
Even if a UE does not support any overlapping band, still it is beneficial for this UE to support the MFBI extension so that if ever an operator would use a later introduced band in legacy signalling, the UE could still camp there (bullet 2 above), and could be handed over there (bullet 4 above). 

3. 
Based on the above two bullets, the following requirements w.r.t. support seem to make sense:

· Rel-8 UE’s: Never support MFBI

· Rel-9 UE’s: May optionally support MFBI (with capability/FGI bit)

· If the UE indicates MFBI support it shall also understand the EARFCN’s of overlapping bands at time of market entry (if any)

· Rel-10 UE’s: Mandatory support MFBI(with capability/FGI bit) 

· UE shall also understand the EARFCN’s of overlapping bands at time of market entry (if any)

Thus the following proposal:
Proposal 7:
Introduce a capability bit to indicate MFBI support from Rel-9. 

· Rel-8 UE’s: Never support MFBI

· Rel-9 UE’s: May optionally support MFBI (with capability/FGI bit)

· 
If the UE indicates MFBI support it shall also understand the EARFCNs of overlapping bands at time of market entry (if any)

· Rel-10 UE’s: Mandatory support MFBI(with capability/FGI bit) 

· 
UE shall also understand the EARFCNs of overlapping bands at time of market entry (if any)
3.3 Other aspects: UE band prioritisation in IDLE
As agreed, in IDLE the UE prioritises what band to use based on rules that were updated during RAN2#79bis. Latest status is that the UE prioritises the band listed first in {legacy signalling, MFBI extension}.
It should be clear from the previous sections that the band used in legacy signalling has some special characteristics compared to bands in MFBI e.g. w.r.t. legacy UE support and required "EARFCN-understanding". For this reason, an operator might not always be able to place the band with the most desirable RF behaviour or the band with the lowest band number in legacy signalling.
The currently agreed prioritisation rule was triggered by the fact that in that case no UE capability signalling would be needed w.r.t. MFBI support. Since this UE capability signalling seems now needed anyway for other reasons, this benefit seems gone and it seems justifiable to reconsider the decision from RAN2#79bis and go back to a prioritisation based on {MFBI extension} also allowing duplication of the band in legacy signalling in MFBI extension signalling.

Proposal 8: 
It is proposed to discuss whether we should reconsider the decision from RAN2#79bis and go back to a UE prioritisation only based on band order in MFBI extension signalling, allowing the band in legacy to also be listed in MFBI extension signalling.
4 Conclusions

Based on the above we ask RAN2 to consider the following proposals:

Proposal 1:
Introduce signalling to make the network aware of whether the UE supports the MFBI mechanism. 

Discuss whether to go for proposal 2a or 2b:

Proposal 2a:
A UE supporting MFBI in IDLE only considers a cell for camping if at least one band the UE supports is signalled in SIB1 and the UE understands the EARFCNs of the band indicated in legacy signalling in SIB1. Otherwise the UE considers the cell barred and considers IFRI="not allowed".
Proposal 2b:
A UE supporting MFBI in IDLE only consider a cell for camping if at least one band the UE supports is signalled in SIB1. Otherwise the UE should consider the cell barred and consider IFRI="not allowed".

We currently assume that proposal 2a is too drastic and thus probably proposal 2b is the preferable solution direction.

Proposal 3:
Discuss whether any IDLE mode enhancements as described in 3.2.1.2 should be introduced.
If the specifications mandate understanding of overlapping EARFCN's quite strongly, and if operators typically list oldest bands in legacy signalling, the occurrence of this problem case might be quite rare. As long as this situation is rare, we might not need to introduce any enhancements.
Proposal 4:
No need for UE capability signalling related to EARFCN-understanding.
Proposal 5: 
No change is required w.r.t. how a non-MFBI supporting UE acts on the band/NS information signalled in legacy broadcast signalling.
Proposal 6: 
A UE supporting MFBI shall in CONNECTED take no action related to band/NS signalling for the serving cell. 

Proposal 7:
Introduce a capability bit to indicate MFBI support from Rel-9. 

· Rel-8 UE’s: Never support MFBI

· Rel-9 UE’s: May optionally support MFBI (with capability/FGI bit)

· 
If the UE indicates MFBI support it shall also understand the EARFCNs of overlapping bands at time of market entry (if any)

· Rel-10 UE’s: Mandatory support MFBI(with capability/FGI bit) 

· 
UE shall also understand the EARFCNs of overlapping bands at time of market entry (if any).
Proposal 8: 
It is proposed to discuss whether we should reconsider the decision from RAN2#79bis and go back to a UE prioritisation only based on band order in MFBI extension signalling, allowing the band in legacy to also be listed in MFBI extension signalling.
Annex A:  Proposal 2a: Related connected mode behaviour
If we would agree to barring a cell in IDLE mode based on proposal 2a, then in order to achieve consistent mobility behaviour in CONNECTED, the network should be able to avoid handovers to cells for which the UE does not understand the EARFCN signalling in legacy signalling. 

Two main solution directions were discussed offline during RAN2#79bis:

A) Working with restrictions

B) UE signals for non-supported bands, whether it understands the EARFCN values.

Approach A) seems attractive because it avoids UE capability signalling. However it builds on several restrictions that will probably not exist in real-life, e.g. operator always listing lowest band number in legacy signalling. In order to avoid complex restriction rules and exception handling, our current preference in this case would be to work with "EARFCN-understanding" capability signalling.

Proposal A1:
A UE signals as part of its capabilities for which non-supported bands it understands the EARFCN signalling
Based on this the network should be able to realise consistent mobility in IDLE and CONN. Note that there is no use in supporting the MFBI extension signalling without understanding also at least the EARFCN's of one non-supported band
, the presence of this EARFCN-understand signalling can also be seen as a MFBI-extension support indicator.

The MFBI extension itself was included from Rel-8 based on which one could argue also the capability signalling should be introduced from Rel-8. However there is no late extension container in UE capability signalling for Rel-8 and introduction of these capabilities from Rel-8 would be cumbersome. Therefore, also considering the current stage of UE development/deployment, we propose to only introduce it from Rel-9. 
Proposal A2:
A UE EARFCN-understanding capability signalling is introduced from Rel-9.
Networks will thus have to assume for any Rel-8 UE that it does not support the MFBI extension.
� 	Otherwise a supported band anyway has to be listed in legacy signalling always, and thus the MFBI signalling extension is not useful.
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