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1.
Introduction

In RAN#31, 1.6MHz bandwidth has been introduced in TR25.913.From RAN4#37, the applicability of each frequency band and respective bandwidth has been proposed in [1].  It mainly concentrated on frequency bands of UTRAN FDD. The document will list possible resource aggregation of frequency bands of UTRAN TDD and analyze the introduced complexity.  
2.
Frequency bands/bandwidth

The requirement of TR25.913 is the following: 1) Support for spectrum allocations of different size; 2) Support for diverse spectrum arrangements. The following tables indicate applicability of frequency band and bandwidth. A “No” in the Table implies the requirement for that channel bandwidth for the respective frequency band is definitely not required.
Note: The resource aggregation on UTRAN FDD bands has been introduced in [1], these tables only cover UTRAN TDD bands currently specified or under specification in 3GPP. Further bands may be added, and may require support of different channel bandwidth.

2.1 No resource aggregation
The following table lists the presence of different channel bandwidths in each frequency band in case of no resource aggregation.
	Freq. Band
	Frequencies
 (MHz)
	Channel Bandwidth (MHz) 

	
	
	1.25
	1.6
	2.5
	5
	10
	15
	20

	a
	1900 – 1920
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes

	b
	2010 - 2025
	No
	Yes
	No
	Yes
	Yes
	Yes
	N.A.

	c
	1850-1910
	Yes 
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	d
	1930-1990
	Yes 
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	e
	1910-1930
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	f
	2570 - 2620
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes


2.2


With resource aggregation
The table below considers resource aggregation of the same bandwidth, or different bandwidth.  

	Freq. Band
	Frequencies

(MHz)
	Channel Bandwidth (MHz)

	
	
	1.25
	1.6
	2.5
	5
	10
	15
	20

	a
	1900 - 1920
	No
	Yes
	No
	Yes
	Yes
	No
	No

	b
	2010 -2025
	No
	Yes
	No
	Yes
	Yes
	No
	N.A.

	c
	1850-1910
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	d
	1930-1990
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	e
	1910-1930
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	No 

	f
	2570 - 2620
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes


2.3


Resource Aggregation
Considering the continuity of spectrum, 3 types of resource aggregation would be possible over UTRAN TDD frequency bands. The feasible study will be on considering complexity and cost.
Note that resource aggregation here refers to any mechanism used to transfer data to the UE over parallel channels in either of the UL or DL directions.

Note that figures below show same bandwidth scenarios, but different bandwidth scenarios are equally valid.

2.3.1
Resource aggregation type 1 - over adjacent channels in the same band
[image: image1.jpg]


The scenario is that contiguous channels within the same band are allocated to a single operator. The following figure is an example of this case for TDD. In the figure two radio channels of 1.6 MHz are combined in order to form a higher bandwidth channel. This form of aggregation would be useful in bands where spectrum allocations may not be large to 5MHz or above bands. The transferred content between the bandwidths can be the same or different. 
This kind of resource aggregation may reduce some bandwidths.In TDD case, some parts of RF channel can be common, and however, it will introduce how to schedule the different carriers, respectively or dependently. TR25.814 has defined that UE DL and UL bandwidth capability is up to 10MHz. It means that UE can receive and transmit data of all bandwidth up to 10MHz.So if the aggregated bandwidth is  within 10MHz, the complexity of design RF transceiver may be acceptable.However,baseband process should considered how to distinguish the carriers and process the interference between carriers, which improves the requirement the BB filters. The complexity of radio resource management is FFS; if the aggregated bandwidth is wider than 10MHz, it will increase the number of transceiver of UE.It will be more beneficial to select wider band than aggregated two,or three bandwidths,eg.combining 5MHz and 10MHz into 15MHz. 
2.3.2
Resource aggregation type 2 - over separated channels in the same band 

The scenario is that separate spectrum in the same band is allocated to an operator. The following figure is an example of this case for TDD.In order to achieve the higher bandwidth; the operator can be to aggregate blocks of spectrum in different parts of the band. The transferred content between the bandwidths is the same or different.
The interference between carriers depends on space between the separate channels. If the band of aggregation is within 10MHz ,the complexity of this kind of resource aggregation is same as type 1.If the space between the separate channel is too wide, the propagation characteristic of different channel should be considered when scheduling the carriers, despite the increasing the number of transceivers.
2.3.3
Resource aggregation type 3 - over separated channels in different bands 
The scenario is that separated spectrum in the different band is allocated to a operator. The following figure is an example of this case for TDD.In order to increase the higher data rate, the large spectrum is needed. When the operator can’t acquire as large continuous spectrum as required, they can combine the spectrum in the different bands. For example a band b) 5 MHz channel could be combined with a band d) 5 MHz channel. The transferred content between the bandwidths is the same or different.

Although the TDD duplex make the the RF design easier, the additional complexities of aggregation across different bands need to be carefully considered. The different propagation characteristics of the bands will result in different coverage areas & performance on the different bands. How to plan the cell is the challenge to operators, if the space of the two different bands is too wide.
3.
Conclusion

In this document, 3 type of resource aggregation of UTRAN TDD frequency band is proposed considering the flexibility of spectrum allocation. For TDD systems, the UL and DL operate in the same channel band. Due to its flexibility in frequency, TDD based system can use any frequency resources for supporting all kinds of service defined for LTE systems. The above resource aggregations are also applicable for paired spectrum, though the analysis is based on unpaired spectrum.
Considering increasing frequency efficiency and the system complexity and cost, it is proposed that:
1. For type1 and 2 of the resource aggregation, if the aggregated bandwidth is up to 10MHz, the complexity of RF design is acceptable and the complexity mainly focuses on BB. Otherwise, the wider bandwidth is more beneficial to system if the aggregated bandwidth is beyond 10MHz.
2.  For type 3 of the resource aggregation, besides the addition complexity of RF design, the impact of propagation characteristic of different bands should be considered. Later study work for this resource aggregation is suggested.
4.       Reference
 [1] R4-051146 “Some operator requirements for prioritization of performance requirements work in RAN WG4”, China Moblie, Cingular, NTT DoCoMo, O2, Orange, Telefonica, TIM, T-Mobile, Vodafone. 3GPP TSG RAN WG4 #37, Seoul, Korea, 7th – 11th November 2005.
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