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1. Introduction
In [1] at RAN2#74 and [2] at RAN2#75, the topic of dual band signalling capability for 8C-HSDPA was discussed, and it was agreed that:

=>
Agree for the 8C-HSDPA that if a UE supports band combination (n,m), then all the lower combinations are also supported by that UE
Due to double higher dimension, the existing bitmap dual band signalling scheme for 4C-HSDPA seems more redundant for 8C-HSDPA than being acceptable, despite of its big flexibility. Hence, a more compact dual band signaling scheme for 8C-HSDPA was expected with nicer tradeoff between complexity and flexibility. In this contribution, we shall continue providing our views about dual band signalling capability for 8C-HSDPA, based on what has been already explained in [1]. 
2. Discussions
First of all, we would like to suggest some guidelines that we should take into account when designing dual band signaling for 8C-HSDPA as below:
· It is not acceptable that the 4C-HSDPA bitmap dual band signalling scheme shall be adopted for 8C-HSDPA, and 27 bits consumption may serve as the upper bound for any other compacter 8C-HSDPA scheme. Note: the 13 bitstring scheme proposed in [4] may actually serve as the lower bound theoretically if the same full flexibility is maintained.
· The encoding/decoding complexity and robustness for compacter 8C-HSDPA scheme should be taken into account. E.g., there had better no overlapping signalling with existing 4C-HSDPA bitmap scheme, as more processing logics are needed to prevent signalling inconsistency between two schemes on the UE/NW side. The 8C-HSDPA scheme had better lead to modest test efforts for UE/NW.
· The compacter 8C-HSDPA scheme had better be more forward compatible and can be easily extended to cope with any potential and related cases. E.g., in case 8C-HSDPA scheme can not avoid bits redundancy at encoding, such bits redundancy had better be useful for something else if possible.
· The compacter 8C-HSDPA scheme should have more practical rationales than being envisaged theoretically.
Therefore, we would like to raise the first proposal as below:
Proposal 1: The 8C-HSDPA dual band signalling scheme should be introduced in more comprehensively optimised senses as guided above.
As already explained in [1], we prefer to restructure current ASN.1 for 4C-HSDPA bitmap scheme as below:
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
}
where X always indicates the maximum supported number of DL carriers in UMTS band A, and Y can indicate the maximum supported number of DL carriers in UMTS band B simutaneously, and the total number bits required for 4C-HSDPA bitmap scheme is 6 per band combination. With similar principle, we can introduce straight-forwardly extended (X=4, Y), (X=5, Y), (X=6, Y), (X=7, Y) series for 8C-HSDPA, where we need to do two types of add-ups to cover all valid carrier combinations for 8C-HSDPA in enumerated way as below:

Type 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
}
Type 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 easily figure out the additional bits required for above extension for 8C-HSDPA as below: 
Type 1: 3+3+3=9bits, Type 2: 3+2+2+1=8bits, so altogether 17 bits. With plus 6 for 4C-HSDPA, it equals to 23 bits in all, and the same full flexibility is maintained as the bitmap case.
The above straight-forward extension degrades the encoding efficiency greatly, as the bits required for each series can address more combination possibilities than actually needed for 8C-HSDPA, but meantime they also provides reservation of spare values for future. E.g.:

The case “carrierCombination1YExtension

ENUMERATED {4c,5c,6c,7c,spare1, spare2, spare3} OPTIONAL,”
consumes exactly the same number of bits as the case
“carrierCombination1YExtension

ENUMERATED {4c,5c,6c,7c} OPTIONAL,”,
but three spare values can be reserved for extension in future.
If the idea of above spares values are less interesting than cutting down the 17 bits for each band combination further, then we may proceed in the following two directions: (1) Use bigger fragmentation, (2) Toggle dual band A+B with B+A.
(1) Use bigger fragmentation

For each series, we take some enumerated values away but leave bigger fragmentation left. The reason is based on more practical rationale that the RF module receiver bandwidth to be produced should not increment with 5M Hz linearly, but may increment with 10M Hz, 20M Hz, or even bigger value when the overall RF module receiver bandwidth becomes larger and larger, hence the methodology of bigger fragmentation should be as acceptable as what did for designing new multi-carrier capable UE categories in past. Then we propose to introduce following as tentative, Note: the cutting down process may also take other values away instead, which may better adapt to the practical carrier combinations identified in RAN4 and the concerns from RF module vendors.

carrierCombination1YExtension




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

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

carrierCombination2YExtension




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

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

carrierCombination3YExtension




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

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

carrierCombination4YExtension




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

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

carrierCombination5YExtension




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

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

carrierCombination6YExtension




ENUMERATED {2c} OPTIONAL,

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

carrierCombination7YExtension




ENUMERATED {1c} OPTIONAL

// above belong to (X=7, Y) series}
Type 1: 2+2+2=6bits, Type 2: 2+2+1+1=6bits, so altogether 12 bits. With plus 6 for 4C-HSDPA, it equals to 18 bits in all. Obviously, we start to loose full flexibility as the bitmap case in this direction, but reduce the complexity as well as bits consumption.
(2) Toggle dual band A+B with B+A

For newly add-up (X, Y) series, where X=5, 6, 7, they can be mirrored by (X, Y) series, where X=3, 2, 1. Hence, instead of introducing (X, Y) series, where X=5, 6, 7, we can achieve the same signalling goal by toggling dual band A+B with B+A in IE Radio Access Capability Band Combination List.. By this means, the bits required for each band combination can be reduced, but the overall bits for IE Radio Access Capability Band Combination List are roughly as many as before. Besides, it uses up the maximum list size 16 so far, so such methodology is not advisable.
Therefore, we propose to use bigger fragmentation based on signalling structure highlighted in figure [1] below. It’s worth mentioning that some series i.e. 4Y, 6Y can also be omitted with bigger fragmentation in band X.
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From 1Y to 7Y, each signaling field is independent, easy encoding/decoding





Figure 1: Signalling Structure for 8C-HSDPA

Such 8C-HSDPA signalling scheme enjoys obvious benefits in addition to the flexibility inherited from bitmap scheme:

1. Straightforward and simple in logic processing, so easy implementation and less test effort!

2. No signalling overlap with 4C-HSDPA scheme and robust at decoding due to independent signalling fields! 
3. Easily adaptive for practical carrier combinations identified in RAN4 and the concerns from RF module vendors.
Proposal 2:  To adopt above dual band signalling structure for 8C-HSPDA as baseline, and to decide the final bits needed.

3. Conclusions
In this contribution, we made some analysis for designing 8C-HSDPA dual band capability signalling, and RAN2 is kindly asked to consider following proposals:
Proposal 1: The 8C-HSDPA dual band signalling scheme should be introduced in more comprehensively optimised senses as guided above.

Proposal 2:  To adopt above dual band signalling structure for 8C-HSPDA as baseline, and to decide the final bits needed.
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