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Discussion 
1. Introduction

A new work item for Four carrier HSDPA was agreed in RAN #46 [1]. The work item continues the work initiated at RAN #43 in March 2009 for different HSPA evolution components including more than 2 carriers HSDPA. The intention of the WI is to introduce necessary specification to allow aggregation of more than 2 carriers and further extend the capabilities introduced in Rel-8 and Rel-9 by DC-HSDPA and DB-DC-HSDPA. The initial task assigned in the WI core part to RAN4 is to identify a limited set of band combinations and number of carriers in each band to be covered in order to reduce the possible UE RF combinations. RAN4 should be able to conclude and provide feedback regarding these aspects to RAN Plenary #47. 
2. Discussion 

In 3-4 cell HSDPA operation the carriers are configured to be spread across 1 or 2 bands and carriers within one band are configured to be adjacent. In order to reduce UE RF combinations for the multi-band options, RAN4 should as initial task identify a limited set of band combinations and number of carriers in each band to be covered in this WI and provide its findings to RAN#47 so that the supported band combinations and number of supported carriers per band can be added to the WID in RAN#47. 
In RAN Plenary meeting #46 a contribution ‎[2] was submitted listing several carrier and band options. This is shown in Table 1 for reference. As indicated in ‎[2]these were intended as an initial listing of possible combinations which should be further evaluated and agree final set for the WI. 

Table 1. Set of carrier and band combinations from ‎[2]
	Combination
	First band
	Second band

	
	Band
	Number of carriers
	Band
	Number of carriers

	Region 1

	1
	I
	2
	VIII
	1

	2
	I
	3
	NA
	NA

	3
	I
	3
	VIII
	1

	4
	I
	2
	VIII
	2

	5
	I
	4
	NA
	NA

	6
	I
	2
	III
	1

	7
	I
	2
	III
	2

	Region 2

	8
	II
	1
	IV
	2

	9
	II
	2
	IV
	2

	Region 3

	10
	I
	2
	V
	2

	11
	V
	3
	NA
	NA

	12
	I
	3
	III
	1

	13
	I
	1
	III
	2

	14
	I
	1
	III
	3

	15
	III
	3
	NA
	NA

	16
	III
	4
	NA
	NA

	17
	IX
	3
	NA
	NA

	18
	IX
	4
	NA
	NA

	19
	I
	2
	XI
	2


In addition proposal for additional band and carrier combinations in Region 2 was provided for RAN4#54 in ‎[4]. 
3. Consideration on possible band combinations
In Rel-8 the DC-HSDPA operation was introduced and in Rel-9 the DB-DC-HSDPA and the DC-HSUPA operations were added. This work has been carried out efficiently as features are introduced in a building block manner. As ‘Four Carrier HSDPA’ is a continuity of this work it would be natural that similar approach is taken also for this WI. In this section we briefly look at the possible ways to partition of the work in RAN4 so that the work could be carried out in an efficient manner.
The work item description targets of extending the Rel-8 DC-HSPA operation covering 2 carriers to cover 3-4 carriers at the single band in a contiguous (adjacent) manner. Furthermore the work item targets of extending the Rel-9 DB-DC-operation so that 3-4 carriers could be supported across 2 bands. In addition the operation should be possible either with single or two UL carrier operation (HSUPA/DC-HSUPA). 

Considering the frequency allocations of bands currently used for UTRA it would appear the maximum allocation of single operator rarely if ever exceeds maximum to 15MHz, at least in Region 1 and 2. As the current availability of contiguous band allocation for UMTS to reach sufficient bandwidth to be able to aggregate 4 carriers seems not be available it would seem relevant to focus in first phase to aggregate multiple carriers over different bands. 

In context of DB-DC-HSDPA different band combinations to aggregate 2 carriers from different bands where considered and finally the set listed in Table 2 were selected. As these were considered feasible and commercially interesting for DB-DC-HSDPA it would seem natural to consider these also for the ‘Four Carrier HSDPA’ work. This would allow natural evolution and extension of terminal capabilities together with existing network support to reach higher reception bandwidth. Considering the available allocations especially at the lower frequency bands, it would seem that in the first phase it would be most interesting to extend the received bandwidth on other band only. Hence as also shown in Table 1, these bands could be evaluated to be extended from the existing DB-DC-HSDPA configuration of 1+1 to 2+1.
Table 2. DB-DC-HSDPA configurations ‎[3]
	DB-DC-HSDPA Configuration
	UL Band
	DL Bands

	1
	I or VIII
	I and VIII

	2
	II or IV
	II and IV

	3
	I or V
	I and V


In addition to these configurations listed some additional configurations could be considered in Rel-10 time frame if seen interesting. However it would seem important to limit the number of combinations to be evaluated to ensure swift progress and work finalization within Rel-10 timeframe. Hence no more than 1 or 2 carrier and band combinations should be considered per region.

4. Conclusions
In this contribution we have discussed different band and carrier combinations related to ‘Four Carrier HSDPA’ work item. While accounting the time frame available for completing this work and noting that additional combinations can be added in later releases in release independent manner, it is proposed to limit the band and carrier combinations to 1-2 per Region. Furthermore it is proposed to prioritise extension of carrier and band combinations introduced in context of DB-DC-HSDPA.
We proposed the following approach for band combinations in 4C-HSDPA:

· Band combinations should be based on operator’s interest in different region. Focus in the first phase of the work should be limited to 1 or maximum 2 combinations per region.
· Focus in band combinations supporting 3 carriers should be in maximum 2 adjacent carriers meaning 2+1 carrier combination. 
· Following the same band combinations as agreed in DB-DC-HSDPA work we propose the following combinations to be evaluated for the 4C-HSDPA in Rel-10
· Region 1: Bands I and VIII; 2+1 
· Region 2: Bands II and IV; 2+1
· Region 3: Bands I and V; 1+2
· These combinations could be extended to also support DC-HSUPA
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