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1.
Introduction

This document is a proposal for prioritising the simulation and specification work within RAN WG4 in each of the following areas:

· The applicability of each frequency band and respective bandwidth for E-UTRA.

· Bandwidth arrangement scenarios and resource utilisation scenarios that should be studied for E-UTRA.

· UE Power classes that should be used for E-UTRA. 
· Base station classes that should be used for E-UTRA.

[Note: Prioritisation for “high priority”, “low priority”, and “no interest” has been indicated in this document with: “high”, “low”, and “no”, respectively.]

2.


Frequency bands/bandwidth

This table indicates whether the terminal should be designed to operate in a network operating at the indicated channel bandwidth. A “No” in the Table implies the requirement for that channel bandwidth for the respective frequency band is definitely not required.
Note: These tables only cover bands currently specified or under specification in 3GPP. Further bands may be added, and may require support of different channel bandwidth (e.g. 1.25 and 2.5 MHz are likely requirements for spectrum around 450 MHz).
2.1


Bands and bandwidths for consideration in case of no resource aggregation functionality
	Freq. Band
	Frequencies
UL/DL (MHz)
	Channel Bandwidth (MHz) (Note 1)

	
	
	1.25
	2.5
	5
	10
	15
	20

	I
	1920 – 1980/
2110 - 2170
	No
	No
	Yes
	Yes
	Yes
	Yes

	II
	1850 – 1910/
1930 – 1990 
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	III
	1710 – 1785/
1805 – 1880
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	IV
	1710 – 1755/
2110 – 2155
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	V
	824 – 849/
869 – 894
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	VI
	830 – 840/
875 – 885
	No
	No
	Yes
	Yes
	N.A.
	N.A.

	VII
	2500 – 2570/
2620 – 2690
	No
	No
	Yes
	Yes
	Yes
	Yes

	VIII
	880 – 915/
925 – 960
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	IX
	1749.9 - 1784.9/
1844.9 – 1879.9
	No
	No
	Yes
	Yes
	Yes
	Yes

	
	1900 – 1920
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	
	2010 - 2025
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	
	1880 – 1900
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	
	2300 - 2400
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS


Note 1: Section 2.2. addresses Bandwidth Resource Aggregation. Depending on feasibility (including cost/complexity consideration) of the aggregation types, some of the bandwidths listed above may be implemented using these techniques, reducing the number of bandwidths to be directly supported.
2.2


Band and bandwidths for consideration with resource aggregation functionality

The table below assumes the implementation of type 1 or type 2 resource aggregation (see section 2.3.1) of up to 3 channels of the same bandwidth, or two channels of different bandwidth.
	Freq. Band
	Frequencies

UL/DL (MHz)
	Channel Bandwidth (MHz)

	
	
	1.25
	2.5
	5
	10
	15
	20

	I
	1920 – 1980/
2110 – 2170
	No
	No
	Yes
	Yes
	No
	No

	II
	1850 – 1910/
1930 – 1990
	Yes
	Yes
	Yes
	Yes
	Yes
	No

	III
	1710 – 1785/
1805 – 1880
	Yes
	No
	Yes
	Yes
	No
	No

	IV
	1710 – 1755/
2110 – 2155
	Yes
	Yes
	Yes
	Yes
	Yes
	No

	V
	824 – 849/
869 – 894
	Yes
	Yes
	Yes
	Yes
	Yes
	No

	VI
	830 – 840/
875 – 885
	No
	No
	Yes
	No
	N.A.
	N.A.

	VII
	2500 – 2570/
2620 – 2690
	No
	No
	Yes
	Yes
	No
	No

	VIII
	880 – 915/
925 – 960
	Yes
	No
	Yes
	No
	No
	No

	IX
	1749.9 - 1784.9/
1844.9 – 1879.9
	No
	No
	Yes
	Yes
	No
	No

	
	1900 - 1920
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	
	2010 2025
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	
	1880 – 1900
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	
	2300 - 2400
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS


2.3


Resource Aggregation
TR 25.913 contains the following text in section 8.1 relating to the support for diverse spectrum arrangements:
1)
The system shall be able to support (same and different) content delivery over an aggregation of resources including Radio Band Resources (as well as power, adaptive scheduling, etc) in the same and different bands, in both uplink and downlink and in both adjacent and non-adjacent channel arrangements.
2)
The degree to which the above requirement is supported is conditioned on the increase in UE and network complexity and cost.
3)
 A "Radio Band Resource" is defined as all spectrum available to an operator.
Here we consider 5 types of resource aggregation over different Radio Band Resources in order to facilitate further discussions on whether the added complexity is justified.

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 with same content

The figure below shows an example of this case for a FDD scenario. In this example two radio channels of 1.25 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 in 5MHz multiples (e.g. band VIII, GSM900), or as a potential alternative means to achieve higher channel bandwidths e.g. >10 MHz.

[image: image1.png]



This kind of resource aggregation is only justified if its complexity is less than that involved in supporting new channel bandwidths. In the above instance, it removes the need to specify a new channel bandwidth of 2.5 MHz. Support for type 1 resource aggregation would allow the number of supported channel bandwidths to be reduced, e.g. a 15MHz channel bandwidth would no longer be required because similar performance might be expected from aggregation of a 5MHz and a 10 MHz channel, or from 3 x 5MHz channels.

The example in the figure above one shows resource aggregation over 2 channels of the same bandwidth. The utility of resource aggregation type 1 increases with an ability to aggregate over more than 2 carriers, e.g. 15 MHz using 3 x 5MHz carriers, as well over different channel bandwidths (1.25 MHz aggregation with 5 MHz).

Recommendation

This type of resource aggregation could provide a flexibility that reduces the number of channel bandwidths required, as indicated in the tables in the preceding section. The complexity of this kind of resource aggregation should therefore be studied at a high level as a priority. If the additional complexity significantly exceeds that of implementing the extra channel bandwidths, then this type of resource aggregation should not be considered further. 
2.3.2
Resource aggregation type 2 - over separated channels in the same band with same content

The figure below shows an example of this case for a FDD scenario. In this scenario the operator does not have a contiguous spectrum allocation and would like to aggregate blocks of spectrum in different parts of the band. This type of resource aggregation would be useful in band VIII (GSM900).


Operators may not always be able to negotiate a rearrangement of their bands in order to avoid the need for this type of resource aggregation. 

Recommendation

The additional complexity of this type of resource aggregation over type 1 should be studied, in the scenarios of aggregating channels with different bandwidths, and aggregating channels with the same bandwidths.  If significant extra complexity is involved above that of type 1, it is recommended that this type of resource aggregation is not supported. 

2.3.3
Resource aggregation type 3 - over separated channels in different bands with same content
The figure below shows an example of this case for a FDD scenario. It will be very challenging in many markets for operators to acquire a large allocation of spectrum within one band to allow the high bandwidth possibilities of LTE to be realised. Type 3 resource aggregation would allow an operator to combine the spectrum in two different bands in order to offer a higher bandwidth connection than would have been available in either of the bands operating alone. For instance a band I 5 MHz channel could be combined with a band III 5 MHz channel.   

However, 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. In the case of a large difference in frequency, an operator may choose to employ different cell plans, leading to differing handover points and serving base stations for the two bands. Furthermore, when the bands are closely spaced, the DL of the lower band pair may be close to the UL of upper band pair, creating a challenging filtering issue for the UE receiver.
It should also be noted that the support of this kind of aggregation requires the operator to deploy transceivers and antennas systems for both of the bands.  
Therefore, while the utility of type 3 resource aggregation might be considerable, this would also seem to be matched by substantial complexity.
Recommendation

Given the need to progress the LTE development quickly, it is recommended that this type of resource aggregation is given secondary priority with respect to other resource aggregation types..
2.3.4
Resource aggregation type 4 - DL broadcast channel and bidirectional channel in the same band

The figure below shows an example of the case for simultaneous reception of downlink broadcast channel with a bidirectional channel. This type of resource aggregation could be used in band III, VII, and VIII. 

The complexity of this type of resource aggregation is expected to be significantly less than that of types 1-3, since there is no need for the UE to implement an aggregation on the uplink and in the downlink a “simultaneous reception is requested without content sharing from a L1 point of view. However, in the FDD case where the UL & DL spectrum allocations are equal, the use of DL spectrum for DL-only broadcast may result in a poor utilisation of UL spectrum.  
Recommendation

The poor utilisation of UL resources makes the implementation of this kind of resource aggregation uncertain. This type of resource aggregation should therefore be considered to be of secondary priority. 

2.3.5
Resource aggregation type 5 – DL broadcast channel and bidirectional channel in the different bands 
The figure below shows an example of the case for simultaneous reception of downlink broadcast channel with a bidirectional FDD channel in different bands. An example of possible bands would be the use of band VII paired spectrum in conjunction with the DL of a paired or an unpaired band from band I, III, VII or VIII for the broadcast service.

The complexity of this type of resource aggregation is expected to be significantly less than that of types 1-3, since there is no need for the UE to implement resource aggregation on uplink and in the downlink a “simultaneous reception is requested without content sharing from a L1 point of view 
Recommendation
Despite the current absence of  a clearly identified band (paired or unpaired) for such broadcast applications, this type of resource aggregation should be considered with a high level of priority.

The choice of the band and the channel BW to consider for both services (broadcast & bi-directional ) during the RAN4 complexity study of this resource aggregation type are still to be decided.
2.4


Channel bandwidth allocation
The section discusses how much flexibility the operator requires for channel bandwidth allocation within its spectrum. 3 types of channel bandwidth allocation scenarios are considered here.

2.4.1

Flexible contiguous channel bandwidth allocation – same operator
The scenario here is where a single operator requires flexibility to allocate different channel bandwidths to contiguous channels within the same band. The figure below shows an example of this for Band VIII (a 5MHz carrier adjacent to a 1.25MHz carrier):





This scenario would be very useful in order to fully utilise available spectrum in the case that resource aggregation type 1 is not supported..
The following combinations of channel bandwidth are considered most likely. {This table is preliminary and intended to stimulate discussion on the need for such definition}

	Channel bandwidth 1
	Channel bandwidth 2
	Example band

	1.25
	2.5
	VIII

	1.25
	5
	VIII

	1.25
	10
	III

	2.5
	5
	VIII

	2.5
	10
	III

	5
	10
	VII

	5
	20
	VII

	10
	20
	VII


2.4.2

Flexible adjacent channel bandwidth allocation – different operators

The scenario here is where two different operators require flexibility to allocate their allocated spectrum to different channel bandwidths within the same band. The figure below shows an example of this for Band VIII (operator A allocates its spectrum to 5MHz carriers, and operator B adjacent allocates its adjacent spectrum to 1.25MHz carriers):




This scenario would be very useful in order to fully utilise available spectrum, and to cope with scenarios where the allocation of spectrum between operators is uneven. 

The following combinations of channel bandwidth are considered most likely. {This table is preliminary and intended to stimulate discussion on the need for such definition}
	Channel bandwidth 1
	Channel bandwidth 2
	Example band

	1.25
	2.5
	VIII

	1.25
	5
	VIII

	1.25
	10
	III

	2.5
	5
	VIII

	2.5
	10
	III

	5
	10
	VII

	5
	15
	VII

	5
	20
	VII

	10
	15
	VII

	10
	20
	VII

	15
	20 
	VII


2.4.3

Flexible uplink/downlink channel bandwidth allocation

The scenario here is where an operator requires flexibility to allocate paired downlink and uplink channels to different channel bandwidths within the same band. This scenario would be very useful in order to fully utilise available spectrum, and to cope with scenarios where the allocation of spectrum between operators is uneven, and thus a complexity analysis is invited.
3.


UE Power Class
	Power Class 3

24 dBm
	Power Class 4

21 dBm

	Yes
	No


Note: 
It is assumed that the priority of UE Power class is independent of frequency band and frequency bandwidth.

No power class higher than + 24 dBm (power class 3) is currently  foreseen as needed. It is proposed to remove power class 4 because of the substantial advantages in basing the uplink cell planning on a single 24 dBm class. The preference in terms of tolerance for the power class 3 is +2/-2 dB (or better). The complexity of allowing for a tighter tolerance than this should be investigated by RAN WG4.
4.


BS class
	Wide Area BS
	Medium Range BS
	Local Area BS

	High
	No
	High


Note: 
It is assumed that the priority of BS class is independent of frequency band and frequency bandwidth.

There is a strong requirement to focus primarily the study on the wide area type of BS. However there is also a strong interest in the local area BS, hence it would be useful that RAN4 would also consider local area BS as soon as the workload allows it.

However Local Area BS related RF scenarios likely to impact the UE RF specification should be considered with same priority as for Wide Area BS.

5.

Simulation Assumptions

The following basic scenarios should be covered in initial RAN4 work:

· The 20 MHz channel bandwidth should be covered as this is required to achieve some of the RAN LTE requirements.

· A scenario with an uncoordinated E-UTRAN adjacent in frequency should be included.

· A scenario with an uncoordinated UTRAN adjacent in frequency should be included.

· A scenario with an uncoordinated GERAN adjacent in frequency should be included.

· 24dBm power class UE
RAN4 is recommended to initially focus on bands I, VII and VIII.

It should be noted that operator interest is not limited to these bands, and also that initial deployment may take place in other bands. RAN4 is asked to confirm bands can be specified in a reasonably short time frame based on the analysis in the feasibility study, e.g. during the Work Item phase based on market requirements.

It is suggested to simulate:

· For band VII, a 20 MHz E-UTRAN adjacent to an uncoordinated E-UTRAN.

· For band I, a 10 MHz E-UTRAN adjacent to an uncoordinated UTRAN

· For band VIII, a 5 MHz E-UTRAN adjacent to an uncoordinated GERAN.

which represent highly likely initial deployment scenarios. Further simulation details, and possibly scenarios, are to be agreed in RAN4, to ensure RAN4 relevant areas are reasonably covered.

6.


Conclusion

In this document several operators (I hope) provide information intended to assist RAN4 and other working groups progress the LTE work. It is understood that some of the information may need to be reconsidered based on especially vendor feedback on feasibility (including cost) aspects.

In section 2.1 channel bandwidths are suggested that are required, and also that can be excluded, in case of no resource aggregation functionality.

In section 2.2 we suggest a lower number of channel bandwidths that would be required if resource aggregation techniques are feasible without significant loss in performance.

In section 2.3 we list a number of resource aggregation techniques, with use cases, and a suggested priority for study. The focus of the analysis should be on complexity aspects.
Section 2.4 addresses channel bandwidth allocation.
In section 3  suggests to limit studies to a single UE output power class, and section 4 addresses the BS classes to be prioritized.

Finally section 5 presents the high level simulation scenarios and assumptions from the sourcing operator perspective.
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