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1. Summary
This document discusses the LTE requirements specified in TR25.913 [1] in terms of the UE RF transmitter characteristics. In particular we consider the UE performance needed to address; spectrum flexibility, power class, spectrum emission mask and some specific co-existence scenarios related to UL scalable bandwidth. 
In order to progress the RAN4 LTE work as per the agreed work plan TR25.913 [1] will require agreement on a number of RF related issues.  Based on deployment issues for the different bandwidths as discussed in this document it is proposed that priority is given to the 5 MHz and 10 MHz bandwidth case for the uplink in terms of performance requirements.
2. Introduction
In this section we indicate the requirement in TR25.913 [1] relating to the reference UE configuration. In particular; deployment is required to be supported in the paired and unpaired spectrum available to the operator and support for scalable bandwidth in terms of operation in spectrum allocations of different channel bandwidths. Currently these channel bandwidths include; 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz.  
To support the higher target peak data throughput in E-UTRA, a baseline UE reference configuration has been assumed in TS25.913 [1] for the transmit and receive path;
· Downlink capability – 2 receive antennas at UE 
· Uplink capability – 1 transmit antenna at UE
In order to support the many combination of spectrum allocation in the different regions it was indicated in TR25.913 [1] section 8 …. 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….where a… “Radio Band Resource” is defined as all spectrum available to an operator. However this required flexibility specified in the study item phase was conditional ….   The degree to which the above requirement is supported is conditioned on the increase in UE and network complexity and cost....
So in summary, TR25.913 [1] defines a number of requirements for consideration in RAN4. The impact of these requirements are discussed in the following sections
3.      issues for consideration
In this section we look at the impact of 

· Flexible channel bandwidth 
· UE Power Class 
· RF Spectrum emission

· Out of band emission 

· Access to disparate spectrum resources 

3.1
Flexible channel bandwidth

In order to support a flexible Tx/Rx channel bandwidth allocation, the UE would be required to support an independent transmitter and receiver channel bandwidth.  Currently a number of channel bandwidths {1.25, 2.5, 5, 10, 15, 20} MHz are specified, however it is not clear if these are needed for all the operating bands or merely as a sub-set for a particular operating band.  
Additionally, the requirements and implementation issues associated with scalable channel bandwidth are different for the uplink and downlink.  In particular higher throughput using wider channels is generally needed on the downlink to support asymmetrical traffic services such as broadcast services. 
Therefore it is proposed that for each operating bands the channel bandwidths are specified separately for the uplink and downlink as shown in table 1 below 
Table 1: E-UTRA FDD frequency bands

	Operating 

Band

(A)
	UL Frequencies

UE Tx, Node B Rx

(MHz)
	Channel Bandwidth

(MHz)
	
	Operating 

Band

(B)
	DL Frequencies

UE Rx, Node Tx

(MHz)
	Channel Bandwidth

(MHz)

	I 
	1920 – 1980
	[ TBD]
	
	I
	2110 – 2170
	[ TBD]

	II 
	1850 – 1910
	[TBD]
	
	II
	1930 – 1990
	[ TBD]

	III
	1710 - 1785
	[TBD]
	
	III
	1805 - 1880
	[ TBD]

	IV
	1710 - 1755
	[ TBD]
	
	IV
	2110 - 2155
	[ TBD]

	V
	824 – 849
	[ TBD]
	
	V
	869 - 894
	[ TBD]

	VI
	830 - 840
	[ TBD]
	
	VI
	875 - 885
	[ TBD]

	VII
	2500 - 2570
	[ TBD]
	
	VII
	2620 - 2690
	[ TBD]

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


In the case of the UL we need to consider the appropriate channel bandwidth taking into account the following issues;

1. UE power class and spectrum emission mask
2. Co-existence of different channel bandwidth allocation in the same operating band
3. Spectrum block available to an operator/regions 

4. Impact on the Rx specification due to scalable bandwidth 

5. Complexity of implementation and support of many options
6. Simulation work needed to support the number of options  
3.2
UE Power Class 

It is in the interest of the 3GPP to define a common maximum output power for the different terminal modes to get a common basis for both the operators needs and for terminal implementation. It is especially important to define the maximum output power since this sets the limit from a network planning perspective 
It is therefore proposed we maintain similar power classes as current specified in TS 25.101 [2] for UTRA for Power Class 3 and 4 as shown in Table 2 below. However we propose this should be in brackets since the agreed maximum transmit output could depend on; 

· Uplink modulation scheme and associated PA power headroom 
· Transmitter configuration;  multi-band radio resources, scalable bandwidth and 2 antenna Rx 

· Co-existence studies to study the impact of adjacent channel emission with different channel bandwidth have not been studied.
Table 2: E-UTRA UE Power Class
	Operating Band
	Power
Class 1
(dBm)
	Power
Class 2

(dBm)
	Power
Class 3bis
(dBm)
	Power
Class 4

(dBm)
	
	Power Class Tolerance

(dB)

	Channel Bandwidth (MHz)
	[ TBD]
	[ TBD]
	[ TBD]
	[ TBD]
	
	

	I
	[TBD]
	[TBD]
	+[23]
	+[21]
	
	2

	II
	[TBD]
	[TBD]
	+[23]
	+[21]
	
	2

	III
	[TBD]
	[TBD]
	+[23]
	+[21]
	
	2

	IV
	[TBD]
	[TBD]
	+[23]
	+[21]
	
	2

	V
	[TBD]
	[TBD]
	+[23]
	+[21]
	
	2

	VI
	[TBD]
	[TBD]
	+[23]
	+[21]
	
	2

	VII
	[TBD]
	[TBD]
	+[23]
	+[21]
	
	2


In this table above we suggest some simplification of the number of power classes and power tolerance i.e. a single power tolerance (2dB) for all power classes and the use of Power Class 3bis as currently specified in TS 25.101 [2] to account for a  single power tolerance limit. For other power classes in particular the higher power classes would need further discussion 
3.3
UE RF Spectrum emission 

These cover three aspects

· Occupied bandwidth

· Out of band emission

· Spurious emission
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Figure 1
3.2.1 UE RF Occupied Bandwidth

In TS25.101 [2] - Occupied bandwidth is defined as the … is a measure of the bandwidth containing 99 % of the total integrated power of the transmitted spectrum, centred on the assigned channel frequency. In this case for E-UTRA the UL occupied bandwidth is linked to the numerology specified in RAN1 for the different channel bandwidths 
3.2.2 Out of band emission

3.2.2.1 In TS25.101 [2] -Out of band emissions are defined as unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and Adjacent Channel Leakage power Ratio. 
3.2.2.2 Out of band emission / spectrum emission mask
From ITU recommendation SM329-10 [3] the spurious domain generally consists of frequencies separated from the centre frequency of the emission by  250% or more of the necessary bandwidth where the 250% parameter applies to the channel separation or bandwidth.

In TS25.101 [2] performance requirements are specified for a 5 MHz channel bandwidth and the spectrum emission mask extends to 12.5 MHz (250 % of channel bandwidth) from the nominal channel centre frequency inline with the ITU recommendations.  
 Based on ITU SM329 [3] the spurious domain for the different channel bandwidths are shown below in table 4
Table 4: Spurious domain based on SM329-10
	Channel BW
	1.25 MHz
	2.5 MHz
	5.0 MHz
	10.0 MHz
	15.0 MHz
	20.0 MHz

	Spurious domain 
	+/- 2.75 MHz
	+/- 5.5 MHz
	+/- 12.5 MHz
	+/- 25 MHz
	+/- 37.5 MHz
	+/- 50.0 MHz


In this case we need to consider possible deployment scenarios due to the differences in spurious domain /channel bandwidths. Some possible scenarios are;
a) 5 MHz (UTRA) adjacent to a 5 MHz (E-UTRA) channel 

b) E-UTRA) adjacent to (E-UTRA) with identical adjacent channel bandwidths  

c) 5 MHz (UTRA) adjacent to >5 MHz (E-UTRA) channels
d) 1.25/2.5 MHz channel bandwidth adjacent allocation – which are not addressed in this document 

In the case of option a) a reasonable assumption would be to re-use the current spectrum mask requirements in TS25.101 [2] with some modification (to address the different modulation characteristics).   This may represent the simplest migration path for current UTRA deployment. 
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Figure 2
In the case of option b) this assumes that all the channels in the operating band have the same channel bandwidth. In this case a reasonable assumption is to scale the spectrum emission requirements in TS25.101 [2] in line with ITU recommendation SM329 [3]. This will require a new emission mask to be specified and may be a solution for deployment in new bands.  
Option c) presents the most difficult scenario. This scenario is likely to occur in the case operator A has UTRA deployed and operator B is planning to deploy E-UTRA in a 10 MHz or larger channel bandwidth to provide a higher peak throughput data rate by combing 5 MHz blocks as shown below
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Figure 2
However as seen above the co-channel interference will be proportional to the increase in channel / spurious domain bandwidth unless the same emission mask can be supported for all channel bandwidths. 

For a 10 MHz channel bandwidth to meet the 5 MHz emission mask would require a 200% reduction in emission mask from the edge of the 10 MHz channel. For the case of a 20 MHz channel bandwidth this would be a 400% reduction. 








Figure 4
It is difficult to see how this can be achieved from an implementation perspective without some form of mitigation;  

· Guard band between adjacent narrow and wide band  transmit channels 

· Reduction in transmit occupied bandwidth for higher rate channel bandwidth 

· Reduction in UE power to increase linearity (lower spectrum emission) for higher rate channel bandwidth
However it not clear if the above proposals can provide the large reduction in out of band emissions and co-channel interference needed unless the adjacent channels employ similar bandwidths solutions
3.2.2.3 ACLR

The ACLR is a critical parameter since it could determine the adjacent channel interference and thereby the overall system performance for E- UTRA. So the ACLR requirement would need to be studied further
3.2.3 Spurious emissions
Outside the ‘spurious emission bandwidth’ the spurious limits defined in SM329-10 [3] for Category B limits are shown below;

Table 5: SM329-10 spurious emission limits
	Type of  equipment
	Limits

	Land mobile service (mobiles and base stations)
	–36 dBm
for
 9 kHz   f ( 30 MHz
–36 dBm
for
 30 MHz    f ( 1 GHz(4)
–30 dBm
for
 1 GHz     f  (see recommends 2.5)(4)


In TS25.101 [2] table 6.12 these ITU requirements are specified as a general requirements for frequencies outside the spurious domain ( +/- 12.5 MHz for 5 MHz channels) with additional requirements specified in table 6.13 for specific cellular operation bands. 
ITU SM329 [3] specifies a -36 dBm value for frequencies >12.5 MHz for a 5 MHz channel allocation and >50 MHz for a 20 MHz channel allocation. Therefore, in the case of scaleable bandwidth, the lower channel bandwidths will require the spectrum emission mask to be extended to cover the largest channel bandwidth case since the -36 dBm may not be satisfactory

Spectrum flexibility
In TR25.913 [1] section 8 it was indicated…. 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….where a… “Radio Band Resource” is defined as all spectrums available to an operator. 
However operators may have different radio band resources and this would need to be taken into account. Some possible scenarios for example are listed below

1. Operator B has both 5 MHz  and 10MHz channel allocation in the same operating band 1

a. This channel could be the same or different RAT

b. These channel could be adjacent or channels in the same co-band

2. Operator A and B have 5 MHz channel allocation in another operating Band 2

a. This channel could be the same or different RAT


[image: image4]
Figure 6
Addressing all these possible channel/RATS bandwidth combination would be significant and so a more pragmatic approach is needed based on realistic deployment requirement and spectrum availability. 

5.0

cONCLUSION

It is proposed that:

a) For each operating bands the channel bandwidth are specified separately for the uplink and downlink in a format similar to TS25.105 [2] as shown in table 1.

b) Some simplification of the number of power classes and power tolerance for Power Class 3 and 4 can be made by specifying a single power tolerance (2dB) for all power classes and the use of Power Class 3bis as currently specified in TS 25.101 [2] as shown in Table 2.

c) ACLR is FFS
d) That priority is given to the 5 MHz and 10 MHz bandwidth option for the uplink due to out of band spectrum emissions. The lower bandwidth options {1.25, 2.5 MHz} have not considered.
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