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Introduction
In RAN4 one of the first CA inputs from the operators was on possible bands in order to aggregate up to 40 MHz, [1]. On a more European perspective this was discussed in reference [2]. RAN2 has defined CA with the support of max 5 CCs (TS 36.331) in order to fulfil the ITU-R IMT-Advanced requirements. Five CCs with Rel-8 LTE bandwidths can give a maximum of 100 MHz aggregation. We suggest a new SI in RAN4 focusing on:

· Macro coverage and CA

· Guidelines for RAN4 and if possible for regulatory bodies on future carrier aggregation needs
· Define generic study for each additional new aggregated carrier with 3CC, 4CC and 5CC in the DL and UL
· Identify and limit possible CA combination as far as possible . To understand if subsets are still needed for >2CCs

How and if it is possible to reach 100 MHz CA for macro coverage should be answered in the SI. To limit the work and keep focus we believe this CA work should be limited to macro coverage only and not be mixed with other on-going work involving CA like e.g. in current small-cell activities.
European spectrum overview

The table below lists the 3GPP bands specified for the usage in Europe. The last column indicates typical bandwidths available per operator in that bands.
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode
	Typical available BW per operator

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD
	10, 15, 20 MHz

Used for UTRA

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD
	10, 15, 20, 25, 30 MHz

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD
	10, 15, 20 MHz

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD
	5, 10 MHz

Used for UTRA

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD
	5, 10 MHz

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD
	Only few operators in Europe hold licence in these bands

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD
	

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD
	

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD
	

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD
	

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD
	

	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD
	


From the table we can observe:
· Band 1 and 8 are used for UTRA and that will not change in the coming years

· Band 3, 7 and 20 are the primary LTE bands with existing deployments in Europe

· The 3.5 GHz band (B22/B42) is still under discussions in CEPT ECC, if recommended for FDD and/or TDD usage. We observe there are also similar discussions in Japan on the usage of that spectrum and in the US the FCC proposes that the 3.5GHz shared band can be used in some areas for small cells usage.
B43 was identified by CEPT ECC for TDD usage but is only licenced in few European countries to operators and/or licences are fragmented to different licence holders in individual countries / communities.

· B38 was licenced along with B7 in most European countries. The TDD operation although is rare and FDD/TDD co-existence requirements put limits on operating these two bands in the same location.
· Band 40 (S-band) can be expect to be licenced soon (2013-2015) in many European countries beside Germany and France as there it is used for non-commercial usage as military, etc. We can assume that 20 to 40 MHz may be available per operator in that band.
· The L-band at 1500 MHz will be specified in Rel-12 for supplemental DL (1452 – 1492 MHz). That means if licenced a maximum of 5, 10, 15 MHz per operator can be expected to be available with this option. Other options with additional spectrum may open in the future more bandwidth. 
We can observe in general that the TDD bands are rarely used in Europe so far for mobile operation. This may change with the new WID on FDD + TDD CA as agreed in the last RAN #60. Other bands which should be available in the time frame of aggregating 100 MHz are:
· The 700 MHz band (IMT 694-790 MHz) as currently discussed at CEPT ECC may be used to offer 2 × 30 MHz with 15 MHz supplemental DL option only. Depending on the final decision the maximum BW per operator we may expect to be 15MHz.
· The usage of the 2700 to 2900 MHz may open and we may expect up to 20 MHz spectrum per operator if available.
· Other discussions are the pairing of B33 and B34 with other spectrum.
For Europe the following CAs are already specified in Rel-10/Rel-11:

	Bands
	BW subset
	BW combos, MHz
	Max BW, MHz

	CA_3A-7A
	0
	5, 10, 15, 20

10, 15, 20
	40

	CA_3A-8A
	0
	10, 15, 20

5, 10
	30

	
	1
	10

5, 10
	20

	CA_3A-20A
	0
	5, 10, 15, 20

5, 10
	30

	CA_7A-20A
	0
	10, 15, 20

5, 10
	30

	CA_8A-20A
	0
	5, 10

5, 10
	20

	CA_1C
	0
	15+15, 20+20
	40

	CA_40C
	0
	10+20, 15+15, 20+20
	40

	CA_7C
	0
	15+15, 20+20
	40

	CA_38C
	0
	15+15, 20+20
	40


From the table above we can see that the only the combination which can offer the aggregation of 40 MHz are the high bands.
Macro 100 MHz CA
In order to reach the 100 MHz aggregation 20 MHz CCs are needed. From the discussion above we can understand that:

· 40 MHz contiguous or non-contiguous spectrum allocation will be difficult for any operator to obtain in one single band.
· Low bands (< 1 GHz) typically can only offer a max of 10 MHz per operator

· Spectrum above 3 GHz like B22, B43 and B43 will be limited in the max cell range due to high propagation losses and are more of interest for dedicated indoor and small-cell deployment scenarios.
Considering this we can conclude that only inter-band CA with the following 3GPP specified high bands are of interest in order to reach 100 MHz with 5 CCs: Band 1, Band 3, Band 7 and Band 40 are potential bands for region 1 in order to reach the 100 MHz goal. We can already observe that with these bands operators typically:

· will only reach 80 MH CA assuming 20 MHz per band per operator
· FDD + TDD CA is needed

· Regulators have to free more spectrum either in the 1500 MHz or 2700 to 2900 MHz which can than give operators 20 MHz BW in one of these bands.

Network sharing and low bands may also be an option for some operators, e.g. with B20, to get 20 MHz in a single band.
The aggregation with more than 2 CCs
The intra-band contiguous or non-contiguous CA in Europe with more than 2 CCs and up to 60 MHz seems to be a rather hypothetical exercise as at least for Europe hardly any operator has more than 30 MHz in a single band. We also know that CA aggregation will lead to further mobile fragmentation due to the many possible band combinations and therefore it should be of interest to the mobile community to limit the number of combinations in general. 
It is already clear that a mix of intra-band + inter-band combined CA will appear and that also FDD + TDD CA is needed in order to use existing spectrum efficiently.  For Europe we may imagine the following combinations with 3 CCs:

· B20 + B3 + B7 which could practically give 50 MHz
· B3 + B3 + B7 contiguous intra-band + inter-band which could practically give 50 MHz
· B3 + B7 + B40 which could practically give 60 MHz
In RAN #60 two WIDs for the aggregation of 3CCs were already agreed. The discussion has to be generic as any of that WID will influence future WIDs aggregating 3CCs. This may be not easy as timescale may be different and possible additional insertion losses may be compensated by improved component performance like envelope tracking power amplifier, filters / combiners with less loss (tuneable filters) and/or the use of new antenna architectures. We also note that filter vendors can optimise filter/combiners for CA to offer lower insertion losses and better isolation to other bands if such information about operator CA plans is available to them early.
In general it seems to be wise to handle first the downlink aggregation. But the UL aggregation should be also started after the corresponding DL generic case is finalised and before continuing higher number of CC for the DL aggregation.

Summary
High bands (> 1GHz) can typically only offer enough bandwidth to aggregate in order to reach the maximum aggregation BW (40/60/80 and 100 MHz) and at the same time to limit the number of CCs/bands to ≤ 5. Limiting the number of CCs will help to minimise UE complexity and combining bands where operators have enough bandwidth can help to reduce the number of CA combination needed. 
FDD and TDD CA will be probably  important for some operators in order to reach the maximum BW and up to 100 MHz aggregation. Bands above 3 GHz will be difficult to use in an efficient way for macro coverage as the propagation loss is high. Regulators should make sure that new spectrum between 1 and 3 GHz will be available in order that operators can aggregate sufficient bandwidth and that the mobile eco-system in general can be met to offer low-cost mobile high-speed data to the users. 
Proposal
It is proposed to start a RAN4 study item in Rel-12, which should investigate potential CC scenarios for reaching the maximum BW aggregations for 2 to 5 CCs with up to 100 MHz. The SI would be for CA macro coverage and consider the following aspects:
· Current and future spectrum overview for each region which can be used for LTE CA
· Define generic way for each new additional added CC for the DL and for the UL
· For macro-coverage with spectrum < 3GHz

· Time plan and need for CA with 3 CC, 4 CC and 5 CC. The operators may show how the maximum possible aggregated BW can be reached with the possible goal of 100 MHz aggregation using 5 CCs
· Define the future need on subsets

· Identify if intra-band contiguous/non-contiguous, inter-band CA, FDD +TDD CA and/or a mix of the different CAs will be needed in order to reach the operator goal

One important goal is to keep options low (CA combinations and subsets) in order to avoid fragmentation of the terminal market. This will help to ease workload in RAN4 and should help vendors and also regulators to understand operators need. If knowing operator plans ahead filter, chip and UE vendors can optimise UE filter/combiner performance to insure low loss and good isolation to other bands. 
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