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1. Introduction
This contribution provides background on the CA operating scenarios for Band 25 and discusses the proposed operating band and channel bandwidths for carrier aggregation in Band 25, as well as identifying some related items that require further study. 

A corresponding text proposal for the work item TR is also provided that captures the band and bandwidth requirements discussed herein.
2. Operating bands for CA
The operating band for non-contiguous intra-band carrier aggregation in Band 25 is the same as Band 25 defined in TS 36.101. The appropriate tables in the TSs will be updated to reflect this.
3. Channel bandwidths for CA

3.1 Operating scenarios
Aggregated channel bandwidths on the eNB side could comprise the scenarios shown in Table 1.

Table 1 Likely carrier aggregation scenarios at the eNB in band 25
	eNB Component Carrier Config
	Comment

	5+5 (10MHz total)
	Symmetric UL/DL

	5+10 (15MHz total)
	15 DL / 15/10/5 UL

	10+10 (20MHz total)
	20 DL / 20/15/5 UL


As the WI proposed to study up to 20 MHz (10+10) at the eNB, all of these scenarios would be in scope. The BW configurations can be symmetric or asymmetric. According to Table 1, support for the following component carrier aggregation scenarios would therefore be required at the UE:
· 5+5MHz (10MHz)

· 5+10MHz (15MHz)

· 10+10MHz (20MHz)

In summary, Band 25 CA capable UEs should ideally be able to support aggregated channel bandwidths of 10, 15 and 20MHz.
At this time it is not proposed to further study support for any additional component carriers in carrier aggregation scenarios, or aggregation scenarios that result in aggregated channel bandwidths other than 10, 15 or 20MHz other than the single UL CC scenario.
3.2 Differences in number of DL & UL CCs at the UE
As identified in the WID [2] it is proposed to consider the option to support 2 CC DL CA with either 1 CC or 2 CC UL at the UE. 
The rationale for this is to potentially give some flexibility to UE vendors regarding the trade-off between cost and performance, depending on the “type” of UE and the applications or usage scenarios it may be targeted at supporting. Especially if dual mode LTE FDD and LTE TDD CA capable baseband UE chipsets are developed that do not support 2 CC UL because of the complexities and cost associated with 2 CC UL for CA in LTE FDD. 
It can be envisaged that UEs that support UL intensive applications, such as devices with high definition cameras performing live video streaming, may warrant the capability to support 2 CC UL. Conversely devices that are focussed on the consumption of similar high definition media, such as portable video players, may not require or benefit from support of 2 CC UL. 

Furthermore, while all UEs could benefit from 2 CC DL in terms of maximum achievable data rates (in theory they could be allocated all RBs anywhere in the cell), only a smaller percentage of UEs could benefit from a data rate increase due to 2 CC UL, as the extra RBs can only be allocated when the link budget has sufficient margin, and such allocations will likely incur extra MPR and possibly A-MPR. Therefore the benefit of supporting 2 CC UL in a UE may be limited to the cases of when a cell is heavily UL loaded, and cross carrier scheduling enables more effective load balancing across UL component carriers. Consequently, the need to support 2 CC UL may not be as great as 2 CC DL, depending on the type of device and usage scenario, as well as the difference in DL and UL load and traffic types. 

In summary, when the above issues are considered, it may lead to some LTE UE chipset solutions only supporting or warranting 1 CC UL. If this is the case, then while TS36.331 enables SCell with DL only configuration at the UE, and for a UE to signal different CA bandwidth class capabilities for the DL and UL, the ability to support 2 CC DL with 1 CC UL in the FDD intra-band non-contiguous CA case may have some implications for the RAN4 specifications. 
Therefore some study is required, particularly with input from the UE vendors, to determine:

· If it is likely that CA capable baseband chipsets supporting only 1 CC UL may be developed; and

· If it feasible to implement transceiver architectures for FDD intra-band non-contiguous CA that enable 2 CC DL with 1 CC UL and provide some cost/complexity benefit compared to requiring all UEs support 2 CC DL and 2 CC UL; 
3.3 Differences in bandwidth of CCs

The analysis in Table 1 indicates some benefit for enabling CA in Band 25 with asymmetric CC BWs on both the DL and UL. As well as the symmetrical cases of 5+5 and 10+10 MHz, there is some benefit if 5+10 MHz can be supported.

3.4 CA bandwidth class for Band 25 CA
TS 36.101 Table 5.6A-1 [1] lists the bandwidth classes for carrier aggregation.  The Band 25 CA highest aggregated bandwidth is 20MHz (100RB) so Band 25 will be CA Bandwidth Class B.
Table 5.6A-1: CA bandwidth classes and corresponding nominal guard bands

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	0.05BWChannel(1)

	B
	NRB,agg ≤ 100
	2
	FFS

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2))

	D
	200 < NRB,agg ≤ [300]
	FFS
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS
	FFS

	NOTE 1:
BWChannel(1) and BWChannel(2) are channel bandwidths of two E-UTRA component carriers according to Table 5.6-1.


4. Summary

This contribution provided a proposal on how to define the operating band and aggregated channel bandwidths for CA in Band 25, based on a summary of a study of various spectrum operating scenarios in the PCS band. 
It also discussed the potential merit of enabling 2 CC DL CA with either 1 or 2 CC UL CA at the UE.

As a result it is proposed to adopt the text proposal at the end of this document into the TR to capture the findings. It is also proposed to further study:

· If it is needed and beneficial to support the option of 2 DL CCs and 1 UL CC in the UE (as opposed to requiring all CA capable UEs support 2 CCs at both the DL and UL) in terms of enabling a cost/complexity trade-off for certain types of devices, and if this option can be supported without major changes to the intra-band contiguous CA framework already developed for FDD.   
· If it is feasible to support different bandwidths of the two CCs (specifically 5+10 MHz).
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5
Study of E-UTRA requirements

5.1
Operating bands and channel bandwidths

5.1.1
Operating bands for CA

E-UTRA CA for Band 25 is defined to operate in the entire Band 25 range, as defined in Table 5.1.1-1.

Table 5.1.1-1 Intra band CA operating band definition for Band 25
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_25A-25A
	25
	1850 MHz 
	–
	1915 MHz
	1930 MHz 
	–
	1995 MHz
	FDD


5.1.2
Channel bandwidths for CA

Table 5.1.2-1 defines the supported E-UTRA bandwidths for intra-band non-contiguous CA in Band 25.  As shown, only 5 and 10 MHz component carrier channel bandwidths are proposed to be supported in Band 25 carrier aggregation.

Table 5.1.2-1: Supported E-UTRA bandwidths for intra-band non-contiguous CA in Band 25
	CA operating band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_25A-25A 1
	25
	
	
	Yes
	Yes
	
	

	Note 1:
Combinations of component carriers with unequal channel bandwidth should be considered. The maximum number of CCs for combination is two.


Combinations of component carriers with unequal channel bandwidth should also be considered for Band 25, specifically combinations of 5 + 10 MHz. It is proposed to study if these CA combinations can be supported by the intra-band non-contiguous CA framework developed in Rel-10 for FDD without significant changes.
5.2
Supporting intra-band CA with 1 CC UL
It is also proposed to support the case of a UE capable of 2 CC on the DL and 1 CC on the UL
-- End of text proposal -- 
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