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1. Introduction
In [1] and [2] at RAN2#73, the discussion about dual band signalling for 4C-HSDPA and 8C-HSDPA was elaborated on, and several companies debated about whether signalling optimisation should be done in Rel-10 timeframe.
This paper shall provide further thoughts about dual band signalling for 4C-HSDPA and 8C-HSDPA. However, instead of only dedicating to 4C-HSDPA and 8C-HSDPA alone, we prefer to use a more future-proofed term, namely dual band signalling for multi-carrier operation beyond Rel-10. 
2. Discussions
First of all, we may list out a set of basic facts that we already have today as below:
· The dual band signalling scheme for 4C-HSDPA has been fixed with acceptable bits consumption, and its associated ASN.1 part is supposed to be frozen in 2 months.
· It seems not acceptable that the bitmap signalling scheme for 4C-HSDPA can be extended for 8C-HSDPA or beyond, due to bigger bits consumption for bitmap.

· The dual band signalling bits consumption for 8C-HSDPA as well as its associated encoding/decoding complexity should be taken into account in parallel.
· The dual band signalling scheme for 8C-HSDPA had better be future-proofed and efficiently extendable to cope with beyond cases.

For the dual band signalling scheme proposed in [2], it enjoys the benefit of small bits consumption, but such benefit is not significant for 4C-HSDPA. Still some companies also show concerns about its applicability to cover all possible scenarios for carrier combination, that’s why current 4C dual band bitmap scheme came into being. 
For the dual band signalling scheme proposed in [1], it can cover principlely well all possible scenarios for carrier combination with minimum amount of bits theoretically, indeed 13 bitstring can cover up to 8C as long as the working assumption for valid carrier combination of 4C is still maintained after RAN4’s verification. However, if we start introducing 13 bitstring for 4C from Rel-10 as proposed in [3], it seems quite redundant, not optimised in the sense of bits consumption for Rel-10 4C capable UE, and many Rel-11 onwards non 8C capable UE shall suffer from that redundancy further. If we start introducing 13 bitstring for 8C from Rel-11, it looks more reasonable and practical; however, we still have a set of concerns as below:

1. 13 bitstring scheme shall introduce overlapping signalling with that from existing 4C bitmap scheme, which means more logics are needed to prevent inconsistency between two schemes on the UE/NW side. 
2. 13 bitstring scheme can not be efficiently extended. If Intra-UTRA multi-carrier operation is to be extended further beyond Rel-11, shall we introduce a new similar bitstring each time? 
3. 13 bitstring scheme is not straightforward in logic sense, so may lead to more test efforts.

4. In Rel-11 or Rel-12 timeframe, if the Inter-RAT multi-carrier operation is to be implemented, e.g., UE can configure 3 carriers in UMTS band A plus 2 carriers in LTE band B, is it possible to take care of that concern and generate a unified dual band signalling for UE from Rel-11? 
Therefore, we would like to raise a set of proposals firstly as below:
Proposal 1: The existing 4C dual band signalling scheme is maintained in Rel-10.
Proposal 2: The 8C dual band signalling scheme had better introduce no overlapping signalling with 4C to prevent inconsistent logics, namely new signalling only conveys capability part for 5C, 6C, 7C, 8C.

Proposal 3: The 8C dual band signalling scheme had better be designed in efficiently-extendable way, to cope with higher dimensional multi-carrier operation beyond Rel-10, not only intra-UTRA, but perhaps inter-RAT dual band operation.
Let’s come back and focus on the existing dual band signalling scheme for 4C today, whose ASN.1 is indicated as below:

SupportedCarrierCombinationList ::= SEQUENCE (SIZE (1..16)) OF












SupportedCarrierCombination

SupportedCarrierCombination ::= SEQUENCE {


carrierCombination12




BOOLEAN,


carrierCombination21




BOOLEAN,


carrierCombination13




BOOLEAN,


carrierCombination31




BOOLEAN,


carrierCombination22




BOOLEAN}

where we prefer to put it in another way around with some notes in between:
SupportedCarrierCombination ::= SEQUENCE {


carrierCombination12




BOOLEAN,

carrierCombination13




BOOLEAN,


// above belong to (X=1, Y) series

carrierCombination21




BOOLEAN,

carrierCombination22




BOOLEAN,


// above belong to (X=2, Y) series

carrierCombination31




BOOLEAN

// above belong to (X=3, Y) series
}

Note: For the convenience of explanation, we propose to restructure current ASN.1 part according to above suggested way. However, the scheme explained below imposes no mandatory requirement for that, and the scheme can be better understood if modified.
To keep above signalling part for 4C either untouched or restructured, we can introduce similarly (X=4, Y), (X=5, Y), (X=6, Y), (X=7, Y) series for 8C, where X always indicates the maximum number of carriers in UMTS band A and Y can indicate the maximum number of carriers in UMTS band B. As matter of fact, Y can also indicate the maximum number of carriers in LTE band B in future if necessary.
Based on above idea, we need to do some enumerated add-ups to cover all possible scenarios for valid carrier combination for 8C as below:

Part 1: add-ups on existing (X, Y) series, where X=1, 2, 3.  

SupportedCarrierCombinationExtension1 ::= SEQUENCE {


carrierCombination1YExtension




ENUMERATED {4c,5c,6c,7c} OPTIONAL,

// above belong to (X=1, Y) series

carrierCombination2YExtension




ENUMERATED {3c,4c,5c,6c} OPTIONAL,

// above belong to (X=2, Y) series

carrierCombination3YExtension




ENUMERATED {2c,3c,4c,5c} OPTIONAL,

// above belong to (X=3, Y) series
}
Part 2: add-ups of new (X, Y) series, where X=4, 5, 6, 7.
SupportedCarrierCombinationExtension2 ::= SEQUENCE {


carrierCombination4YExtension




ENUMERATED {1c,2c,3c,4c} OPTIONAL,

// above belong to (X=4, Y) series

carrierCombination5YExtension




ENUMERATED {1c,2c,3c} OPTIONAL,

// above belong to (X=5, Y) series

carrierCombination6YExtension




ENUMERATED {1c,2c} OPTIONAL,

// above belong to (X=6, Y) series

carrierCombination7YExtension




ENUMERATED {1c} OPTIONAL

// above belong to (X=7, Y) series}
We can calculate the additional bits consumption for above extension for 8C: 
Part 1: 3+3+3=9bits, Part 2: 3+2+2+1=8bits, altogether 17bits. Such signalling scheme takes bigger bits consumption than 13 bitstring scheme as proposed in [1], because 13 bitstring adopts idea for joint encoding, so enjoys better encoding efficiency. However, such signalling scheme enjoys its own benefits as below:

1. Straightforward and simple in logic sense, so easy for implementation and cost less test effort!

2. Efficiently extendable in future, so easy for further extension without signalling overlapping! 
3. Easily adaptation, so easy for signalling-adding/pruning if a subset of various series/carrier combinations are approved to be valid by RAN4!
The above extension scheme can be adapted to serve 7G purpose, e.g. if there is such kind of UE, which for its (X=4, Y) series, in the case of Intra-UTRA dual band operation, can support up to (4 UMTS carriers, 4 UMTS carriers), but in the case of Inter-RAT dual band operation, can support up to (4 UMTS carriers, 2 LTE carriers), so we can make the non-critical extension easily as below:
carrierCombination4YExtension

ENUMERATED {1c,2c,3c,4c,1c(LTE), 2c(LTE), 3c(LTE),…} OPTIONAL,
To prepare for various potential needs, we would proposal to reserve some spare values in above enumerated IE for series beginning from (1, Y) to (7, Y) without increasing much bits consumption, as 

carrierCombination1YExtension

ENUMERATED {4c,5c,6c,7c,spare1, spare2, spare3,spare4, spare5, spare6, spare7,spare8, spare9, spare10, spare11} OPTIONAL,
consumes 1 more bit than 
carrierCombination1YExtension

ENUMERATED {4c,5c,6c,7c} OPTIONAL, 
but can address more possibilities. Such unified signalling scheme seems more future-proofed, and can address some concern for multi-carrier operation beyond Rel-10.    

Proposal 4:  To generate a unified signalling scheme for multi-carriers operation beyond Rel-10 based on above idea.

3. Conclusions
RAN2 is kindly asked to consider following proposals regarding non adjacent aggregation for multi-carriers HSDPA:
Proposal 1: The existing 4C dual band signalling scheme is maintained in Rel-10.
Proposal 2: The 8C dual band signalling scheme had better introduce no overlapping signalling with 4C to prevent inconsistent logics, namely new signalling only conveys capability part for 5C, 6C, 7C, 8C.

Proposal 3: The 8C dual band signalling scheme had better be designed in efficiently-extendable way, to cope with higher dimensional multi-carrier operation beyond Rel-10, not only intra-UTRA, but perhaps inter-RAT dual band operation.
Proposal 4:  To generate a unified signalling scheme for multi-carriers operation beyond Rel-10 based on above idea.
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