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1. Introduction 

A new Work Item for “Carrier Aggregation for LTE” was agreed in RAN #46 [1]. 

In [9]  submitted to this meeting and papers discussed in RAN4 meeting #50bis [5]

 REF _Ref250713434 \r \h 
[6]

 REF _Ref250713435 \r \h 
[7] impact of carrier aggregation support to UE architecture has been considered. Based on the considerations in [9] we present here some initial views on UE categories.
2. Discussion
The implementation complexity to support carrier aggregation rises basically from two sources. Firstly the L1 and higher layers processing capability to be able to support the increased data rates and related signaling which raise from the total increased bandwidth. The required wider bandwidth especially in case on contiguous aggregation also imposes challenges to the RF parts and to RF-BB interface. In addition aggregating carriers in non-contiguous manner implies higher complexity and some design challenges. These aspects have been discussed in contribution [9] and [5]

 REF _Ref250713434 \r \h 
[6]

 REF _Ref250713435 \r \h 
[7]
2.1. ITU-R requirements
First we take a look on the ITU-R requirements and how those can be me with carrier aggregation. In table below we have roughly calculated the bit rates that are achievable with different combinations of BW and MIMO rank. This table shows that required bandwidth to achieve ITU-R target bit rate of 1 Gbits/s for downlink requires at least 40MHz reception bandwidth with rank 6 MIMO or alternatively 80MHz with rank 4. For uplink the 500 Mbits/s target bit rate can be met with 40 MHz transmission bandwidth and rank 4 or alternatively with 80 MHz transmission bandwidth and MIMO rank of 2, assuming 64QAM. 
Table 1. Possible aggregated bit rates

	 
	Datarate / Mbit/s
	MIMO
Rank
	BW
	Modulation

	DL
	172
	2
	20
	64-QAM

	DL
	344
	4
	20
	64-QAM

	DL
	344
	2
	40
	64-QAM

	DL
	688
	2
	80
	64-QAM

	DL
	688
	4
	40
	64-QAM

	DL
	1032
	4
	80
	64-QAM

	DL
	1032
	6
	40
	64QAM

	DL
	1376
	8
	40
	64-QAM

	 
	 
	 
	 
	 

	UL
	57
	1
	20
	16-QAM

	UL
	86
	1
	20
	64-QAM

	UL
	115
	1
	40
	16-QAM

	UL
	172
	1
	40
	64-QAM

	UL
	230
	2
	40
	16-QAM

	UL
	344
	2
	40
	64-QAM

	UL
	688
	2
	80
	64-QAM

	UL
	688
	4
	40
	64-QAM


2.2. Deployment scenarios and CA cases
Currently 12 different deployment scenarios has been listed in [8], covering different contiguous and non-contiguous cases. The continuous DL bandwidth allocation considered for contiguous aggregation in [8]ranges from 40MHz to 100MHz. Also for intra-band non-contiguous the continuous BW (that exceed the Rel-8 BW) are in 40MHz blocks.  
Intra-band contiguous carrier aggrecation
If we consider current band allocation shown in Table 2 below we can see that most of the bands do not support wider contiguous allocations than 40 MHz, these bands are marked in green. Those FDD bands that potentially can host a carrier wider than 40 MHz are in practice mostly fragmented to a operator frequency allocations of maximum of 20 MHz. Band 22 has the widest FDD bandwidth and therefore a good potential to host widest contiguous FDD allocation but the standardization work is still ongoing and the currently defined FDD band arrangement is problematic because of narrow 10 MHz duplex gap.
In TDD duplex-mode there are two attractive bands for wider than 40 MHz contiguous allocations namely bands 40 and 41 former having 100 MHz bandwidth and latter 200 MHz.
Table 2. Current band allocations

	Band
	Name
	Uplink (UL)
	Downlink (DL)
	BW
	Comment

	1
	EU/JP
	1920
	–
	1980
	2110
	–
	2170
	60
	Typically no more than 20 MHz allocations

	2
	PCS/US
	1850
	–
	1910
	1930
	–
	1990
	60
	Typically no more than 20 MHz allocations

	3
	DCS/EU
	1710
	–
	1785
	1805
	–
	1880
	75
	Typically no more than 20 MHz allocations

	4
	AWS-I/US
	1710
	–
	1755
	2110
	–
	2155
	45
	 

	5
	cell/US
	824
	–
	849
	869
	–
	894
	25
	 

	6
	cell/JP
	830
	–
	840
	875
	–
	885
	10
	 

	7
	LTE/EU
	2500
	–
	2570
	2620
	–
	2690
	70
	Sold allocations typically max 20 MHz

	8
	EU
	880
	–
	915
	925
	–
	960
	35
	 

	9
	JP
	1749.9
	–
	1784.9
	1844.9
	–
	1879.9
	35
	 

	10
	AWS3/LTA
	1710
	–
	1770
	2110
	–
	2170
	60
	 

	11
	PDC/JP
	1427.9
	–
	1447.9
	1475.9
	–
	1495.9
	20
	 

	12
	Lower A-C/US
	698
	–
	716
	728
	–
	746
	18
	 

	13
	Upper C/US
	777
	–
	787
	746
	–
	756
	10
	 

	14
	Upper D/US
	788
	–
	798
	758
	–
	768
	10
	 

	17
	Lower B-C/US
	704
	–
	716
	734
	–
	746
	12
	 

	18
	KDDI/JP
	815
	–
	830
	860
	–
	875
	15
	 

	19
	DCM/JP
	830
	–
	845
	875
	–
	890
	15
	 

	20
	EU800
	832
	–
	862
	791
	–
	821
	30
	 

	21
	Ext1500/JP
	1447.9
	–
	1462.9
	1495.9
	–
	1510.9
	15
	 

	22
	3.5GHz
	3410
	–
	3500
	3510
	–
	3600
	90
	3GPP work still ongoing

	33
	EU
	1900
	–
	1920
	 
	 
	 
	20
	 

	34
	EU, China
	2010
	–
	2025
	 
	 
	 
	15
	 

	35
	US, China
	1850
	–
	1910
	 
	 
	 
	60
	 

	36
	US, China
	1930
	–
	1990
	 
	 
	 
	60
	 

	37
	US, China
	1910
	–
	1930
	 
	 
	 
	20
	 

	38
	EU, APAC
	2570
	–
	2620
	 
	 
	 
	50
	 

	39
	EU, China
	1880
	–
	1920
	 
	 
	 
	40
	 

	40
	China
	2300
	–
	2400
	 
	 
	 
	100
	 

	41
	 
	3400
	–
	3600
	 
	 
	 
	200
	 


When considering also the discussion presented in [9] it is felt that for both UL and DL bandwidth the maximum required contiguous aggregation should be 40 MHz for the intra-band contiguous case.  There seems not to be any commercial reason to require wider minimum bandwidth. Going beyond 40 MHz DL increases further receiver complexity and also complicates the UL operation as discussed in [[9]. Setting the maximum contiguous aggregation to 40 MHz would also allow meeting the ITE-R targets for UL and DL with sufficiently high MIMO rank and modulation order.  It should also be considered whether asymmetric DL/UL capability would be allowed.
Intra-band non-contiguous carrier aggregation
Intra-band non-contiguous allocation type of carrier aggregation could be used when an operator have fragmented spectrum allocations with-in a band to reach wider total bandwidths. In different deployment scenarios listed in [8] this kind of cases has been considered.  The scenarios considered in [8] are envisioning two (non-adjacent) blocks.  
There are technical challenges related to this kind of aggregation [9], that would need further analysis to understand which kind of intra-band non-contiguous allocations are feasible and what the implications to performance would be. There might be need to consider also different kind of implementations to meet this type aggregation e.g. with single or multiple receiver chains. Thus we think that UE capability to intra-band contiguous carrier aggregation should be a separate category and not part of minimum capability. 

Inter-band carrier aggregation
Inter-band (contiguous) allocation can also be considered to be interesting type of aggregation to harvest fragmented multiband spectrum allocation. The scenarios given in [8] consider aggregation over 2 or 3 different bands. As noted in previous discussions this type of aggregation requires duplication of receiver chains for each aggregated band [5]

 REF _Ref250713434 \r \h 
[6]

 REF _Ref250713435 \r \h 
[7].  
Similarly to intra-band non-contiguous case, it is felt that support of inter-band aggregation should be a separate capability independent of intra-band contiguous and non-contiguous. Furthermore, similarly as done in case of DB-DC-HSDPA, the feasibility of each band combinations should be evaluated separately.  It also would seem most pragmatic to limit the number of bands aggregated to 2 in the first phase and limit also the number of possible combinations.  
In addition we also think that it should be carefully analyzed whether 2-band simultaneous UL operation is needed. It should be considered whether typical use cases would be such that UL could be restricted to only one band while the DL is operating in dual band mode. Hence the inter-band aggregations capability could be applied only for DL for certain UE categories. .
2.3. Number of CC’s and extensions carriers

In the scenarios given in [8] the assumption for aggregation (intra/inter-band, contiguous or non-contiguous) is that single continuous allocation is always constructed by combining Rel-8 compatible carriers with maximum bandwidth. This leads in results that the aggregation is supported with the lowest number of separate component carriers. Current RAN1 assumption is that signalling would support at maximum 5 companioning carriers. It should be further discussed whether the number of different component carriers should be limited for the lower categories and also how extension carriers are consider in this context.
3. UE categories

Based on the discussion presented in previous section we propose following UE categories to be used as a baseline for LTE-A CA work.

· UE category type 1x is a UE which is capable of 40 MHz contiguous DL reception. Type 1a is with 20 MHz UL capability and 1b with 40 MHz UL capability.

· UE category type 2x is a UE which is capable of 2-band DL reception to meet 40 MHz bandwidth. Type 2a is with 20 MHz single band UL capability, and 2b with 40 MHz dual band UL capability.

. 




Table 3 Initial minimum UE categories


[image: image1.wmf]UE Category

Maximum total 

DL / UL BW

Number of simultaneous 

DL / UL bands

Comment

1a

40 / 20

1 / 1

Intra-band contiguous

1b

40 / 40

1 / 1

Intra-band contiguous

2a

40 / 20

2 / 1

Inter band

2b

40 / 40

2 / 2

FFS


In addition, as it has been discussed and considered in scenarios given in  [8] that the total bandwidth would not necessarily need to be wider than supported in Rel-8 (e.g. 20MHz) but that it would be interesting to be able to aggregate this bandwidth over different bands, following UE category could be considered in addition:
· UE category type 0x is a UE which is capable of 2-band DL reception combining 2 DL CC which together aggregate to 20 MHz. Type 0a is with single Tx and 0b with dual-band Tx capability. 

Table 4 UE Category type 0x

	UE
	Maximum total
	Number of simultaneous
	Comment

	Category
	DL / UL
	DL / UL bands
	

	 
	Bandwidth
	 
	

	0a
	20 / 20
	2 / 1
	Inter-band

	0b
	20 / 20
	2 / 2
	FFS


4. Conclusions

In this contribution we have discussed possible initial UE categories accounting different factors. The approach has been to allow covering the targets set for the carrier aggregations in a manner which allows a gradual evolution of the technology enabling timely introduction of the feature..
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