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1
Introduction
In [3] an LS has been received from RAN2 to RAN4 on the different scenarios expected to be addressed by the new WI [2] to increase the number of component carriers that can be aggregated.

Thus in this contribution, the objectives of the WI [2] are presented as to understand the scope of the specification work in RAN4. Additionally operators’ views are also summarized with the aim to serve as basis for the response to the LS in [3]

2
Discussion
2.1 32CC WI discussion
In
[1] WI to extend CA capabilities beyond current 5CC limitation was agreed. It was revised in [2] to clarify that this WI will define all band agnostic requirements and that any band combination specific requirements will be specified in a separate WI.
From that mother WI perspective there is no combination specific work to be done in any group, so from this point there is no guidance from RAN with towards the scenarios that 32CC shall enable. In fact, this is market driven and in consequence combination specific work is handled on a per market/operator need when and if this arises.

Observation 1: 32CC WI does not provide any limitation with regards to the nature of the scenarios to be enabled by extending the aggregation of carriers beyond 5 up to 32 CC

Observation 2: specification work as indicated in WID shall be frequency agnostic

Observation 3: band combination specific work shall be done in separate WI driven by market/operator needs

From operator view, the extension of 32CC can be seen as a natural extension to overcome the limit of 5CC, and the increase number of bands becoming available in the near future, both licensed and unlicensed, in order to meet the ever increasing customer needs in mobile data consumption. When 32 limit was discussed, other options were considered (e.g. 16) and 32 was chosen in order to be feature proof. Arguments for any proposed limit were based on the upcoming new bands, and also in the light that some of these bands will contain large portions of spectrum, thus allowing for large intraband CA combinations as well.

In order to provide an operator guidance on what scenarios can be possible, it is expected that the adoption of CC will be done in phased approach, mostly driven by 1) the pace of availability of bands, 2) the BW available in those bands 3) the number of operators owning the (licensed) band,  4) the complexity of aggregation both in the UE side (RF, BB processing, etc.), and in the NW side (radio heads installation, BBU, backhaul, etc.).
2.2 32CC scenarios

From Vodafone point of view, the number of CC being aggregated is a result of increasing customer needs, fragmented spectrum, and limited CBW (20MHz). Hence, CA allows to manage efficiently the fragmented spectrum as if it was one single band. In order to understand the possible number of bands being aggregated, it is possible to look at current spectrum:

Below 6GHz:

	Bands
	B31
	B28
	B20
	B8
	B32
	B3
	B1
	B7
	B40
	B38
	B42/22
	B43
	5Ghz
	TOTAL

	CC for one operator
	1
	1
	1


	1

Note 1
	2

Note 2
	3

Note 1
	2

Note 1
	2
	1
	2
	3

Note 3
	3

Note 4
	8

Note 5
	30CC


Note 1: long term assumption is that those cases where current spectrum is non-contiguous, it will be made contiguous when licenses are expired and renewed

Note 2: long term assumption is that after WRC15, additional spectrum may be made available in B32

Note 3: estimate based on 3 bidders in EU market

Note 4: based on B42. Difficult to estimate since portions of this spectrum are used for WiMax and other purposes. WRC15 outcome may define B43 availability

Note 5: As agreed in [4]. 16CC was also discussed but not included in the end
Observation 4: it is noted that around 30CC could be aggregated considering bands below 6GHz (estimate of 13 bands)
Above 6GHz

The scope of this paper is not to establish prospective views on the future availability of 6GHz spectrum, number of bands, BW, etc. In consequence a detailed estimate on prospective bands will not be made. However, it is recognised that this spectrum may be part of E-UTRA and so it should be considered for future potential scenarios.

Observation 5: In case of future CA scenarios, spectrum beyond 6GHz may need to be considered in E-UTRA, if those bands are specified

2.3 LS response to RAN2 based on B5C capabilities

With regards to the questions from [3],
Question 1: How many new bandwidthClasses would be introduced and how they are to be defined?
A1: It is our view that BWclass are defined as part of a carrier aggregation WI which creation is market driven. Currently they are defined in Table 5.6A-1 of 36.101, and recently BWclass of up to 8CC has been introduced. Definition of other BWclass are not ruled out. They are typically based on the expected availability of contiguous spectrum in a given band.
Question 2: How many inter-band and intra-band non-contiguous carriers can be aggregated?

A2: As indicated in sections 2.1 and 2.2 of this document, the exact number of bands and CC are market driven. As noted above more than 32CC and 18 bands could be aggregated.

Question 3: RAN2 would like to understand what level of flexibility should be provided for 32 carriers with respect to MIMO and CSI process capabilities. In addition, RAN2 would like to understand if any of band combination specific parameters could be signalled per UE or per number of aggregated CCs and/or their aggregate bandwidth (e.g. number of CSI processes or NAICS capability).

A3: In principle, 32 CC is an extension of 5CC, and as such it should allow to aggregate more than 5CC in the same terms as we are able to do today up to 5CC.

Question 4: RAN2 would like to understand what level of flexibility would be needed for measurement gap capability with 32 carriers. RAN2 like to also confirm that the UE shall not require gaps to measure on any configured serving cells/carriers even in case of 32 carriers.

A4: the same for Q3
Question 5: RAN2 would like to understand if each fallback configuration would need to be signalled explicitly

A5: RAN4 view is that for DL and UL CA, the agreed fallback indicates in 4.3A in 36.101 the following: “A terminal which supports a DL CA configuration shall support all the lower order fallback DL CA combinations and it shall support at least one bandwidth combination set for each of the constituent lower order DL combinations containing all the bandwidths specified within each specific combination set of the upper order DL combination.”

The same is expected for UL CA.
Question 6: What would be reasonable size of bandwidth combination sets with 32 CCs? 

A6: It is our view that the number of combination sets should be reduced to a minimum, ideally only 1 combination set is desirable, however in order to accommodate different operator needs in different markets, as well as to accommodate different deployment timescales and terminals with initial reduced complexity due to time to market reasons, the number of BW combination sets may be larger than 1. Our expectation is that 4 can be an acceptable limit in terms of signalling capability.

Note that currently up to 5 combination sets have been defined in 36.101 (e.g. CA_4A-12A).

3
Conclusion
In summary this paper has discussed the scope of the current B5C WI, summarized the views in terms of likely scenarios considering more than 5CC, and finally addressed the questions from the RAN2 LS. It has made the following observations:
Observation 1: 32CC WI does not provide any limitation with regards to the nature of the scenarios to be enabled by extending the aggregation of carriers beyond 5 up to 32 CC

Observation 2: specification work as indicated in WID shall be frequency agnostic

Observation 3: band combination specific work shall be done in separate WI driven by market/operator needs
Observation 4: it is noted that around 30CC could be aggregated considering bands below 6GHz (estimate of 13 bands)
Observation 5: In case of future CA scenarios, spectrum beyond 6GHz may need to be considered in E-UTRA, if those bands are specified

And the following responses made to the RAN2 LS:

A1: It is our view that BWclass are defined as part of a carrier aggregation WI which creation is market driven. Currently they are defined in Table 5.6A-1 of 36.101, and recently BWclass of up to 8CC has been introduced. Definition of other BWclass are not ruled out. They are typically based on the expected availability of contiguous spectrum in a given band.
A2: As indicated in sections 2.1 and 2.2 of this document, the exact number of bands and CC are market driven. As noted above more than 32CC and 18 bands could be aggregated.

A3: In principle, 32 CC is an extension of 5CC, and as such it should allow to aggregate more than 5CC in the same terms as we are able to do today up to 5CC.
A4: the same for Q3
A5: RAN4 view is that for DL and UL CA, the agreed fallback indicates in 4.3A in 36.101 the following: “A terminal which supports a DL CA configuration shall support all the lower order fallback DL CA combinations and it shall support at least one bandwidth combination set for each of the constituent lower order DL combinations containing all the bandwidths specified within each specific combination set of the upper order DL combination.”

The same is expected for UL CA.
A6: It is our view that the number of combination sets should be reduced to a minimum, ideally only 1 combination set is desirable, however in order to accommodate different operator needs in different markets, as well as to accommodate different deployment timescales and terminals with initial reduced complexity due to time to market reasons, the number of BW combination sets may be larger than 1. Our expectation is that 4 can be an acceptable limit in terms of signalling capability.

Note that currently up to 5 combination sets have been defined in 36.101 (e.g. CA_4A-12A).
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