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1.0
Summary
Document [2] proposes a number of scenarios in terms of resource aggregation for the different bandwidth options. In this document we provide some initial measurement data in order to consider the co-existence impact of these different deployment scenarios for bandwidth options ≥ 5 MHz. 
Measured data is provided for 4 transmitted signals; WCDMA (5MHz), LTE (5MHz), LTE (10MHz) and LTE (20MHz) in terms of spectrum emission mask, on channel power and adjacent channel power.  These measured results appear to be inline with ITU recommendations for out of band emissions in the spurious domain 

We also briefly consider the impact of these results in terms of LTE (5, 10, 20 MHz) to WCDMA (5 MHz) adjacent channel co-existence 
2.0 Introduction
The requirement in TR25.913 [1] indicate; 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.  

In [2] a flexible adjacent channel bandwidth scenario was proposed by some operators. The scenario is where two different operators require flexibility to allocate their allocated spectrum to different channel bandwidths within the same operating band.  We feel this is the key scenario for the operators which need to be considered. This scenario is show below in figure 1
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Figure 1: Flexible adjacent channel bandwidth allocation with different operators
In order to reduce the permutations for review it is proposed to use a WCDMA 5 MHz channel as the reference case for co-existence with the different LTE bandwidth options in the UL. This also has the benefits that WCDMA co-existence scenario has already been studied for other co-existence scenarios such as GSM, IS-95 and PHS but have a smaller occupied bandwidth 

3.0  MEASUREMENT data
In order to consider the impact of scalable bandwidth the following methodology was used to obtain measurement data for the different bandwidth options. In this case a LTE or a WCDMA signal is applied to a RF power amplifier designed for UE applications and the output RF spectrum analysed. 
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Figure 2: Measurement methodology
3.1
signal definition

For the measurement methodology shown in figure 2 we considered the following transmitted signals; 

1) 5 MHz UTRA W-CDMA voice reference signal (12.2 kbps AMR Speech)
2) 5 MHz BW LTE  DFTS-OFDM signal

3) 10 MHz BW LTE DFTS-OFDM signal

4) 20 MHz BW LTE DFTS-OFDM signal

These signals are defined below in table 1 

	Signal
	System
	Channel
bandwidth (MHz)
	Channel bandwidth
(MHz)
	Modulation
	NFFT

	1
	WCDMA 
	5
	3.84
	DPDCH/DPCCH
	N/A

	2
	LTE
	5
	4.51
	QPSK
	512

	3
	LTE
	10
	9.02
	QPSK
	1024

	4
	LTE
	20
	18.04
	QPSK
	2048


Table 1:  signal definition
The power amplifier was tested with each of the above 3 LTE signals and the reference W-CDMA voice signal. When considering measurements we need to define measurement bandwidths 
· For WCDMA ACLR is defined in 3GPP TS 25.101 (6.6.2.2) A root-raised cosine (RRC) filter with roll-off =0.22 in the frequency domain is used for the occupied bandwidth measurement. So this is the measurement bandwidth used for WCDMA co-existence.
·  For LTE a rectangular block filter of 4.51, 9.02, and 18.04 MHz is assumed

3.2 On channel power 

For WCDMA and LTE, the On-channel power is integrated over the entire channel bandwidth (5, 10, 20 MHz). This on-channel power is defined for an adjacent channel ACLR of -33
 dB is reached (where the adjacent channel power is equal to the channel bandwidth). 

Initial analysis indicates the total on-channel power for the different LTE DFTS-OFDM signals is approximately equal. LTE signals have an increased occupied bandwidth with the goal of improving spectral efficiency.  In this case DFTS-OFDM on channel power is lower than WCDMA 12.2 kbps AMC power due to a high CM mainly due to the BW differences [5].  No mitigation techniques are considered to reduce the LTE CM.  
3.3 Off channel power 

Figure 3 shows the adjacent channel power for the different signals. This indicates the ACLR for the different LTE bandwidth options are similar as long as the measurement bandwidths and frequency offsets are scaling with the BW of the desired signal. In this case no additional back-off is required to meet ACP limits for the DFTS-OFDM bandwidths analysed 
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Figure 3: Impact of ACP for LTE and WCDMA

3.4 Spectrum comparison

Measured spectrum plots for different system where the adjacent channel powers are equal to the target value of -33dBc for all signals are shown below in figure 3. 

Figure 5: Spectrum comparison for the different system 

For DFTS-OFDM the power per sub-carrier (or dBm/Hz) is -3 dB lower for 10 MHz case and – 6 dB for 20 MHz case relative to 5 MHz case. 
3.5 Normalized Spectrum comparison

In this case the sample rate and frequency display are set for each signal to compared normalized bandwidth normalized spectrums directly on top of each other. 



Figure 6: Normalized LTE spectrum estimate
In this case we see no spectrum distortion between signals of different modulation bandwidth, but it also shows the out of band emissions is directly proportional to the scalable bandwidth. Based on this it is difficult to understand the contribution in [3] and [4] which proposes the ACLR limits should be same from the edge of the allocated channel to 10 MHz for all LTE bandwidth options

4.0
DEPLOYMENT OPTIONS

This is shown in figure 2 for the different bandwidth options for operator A (different LTE bandwidth options) and operator B (reference WCDMA case) 

(a) Deployment of LTE (5 MHz) adjacent to a WCDMA (5 MHz) channel

(b) Deployment of LTE (10 MHz) adjacent to a WCDMA (5 MHz) channel

(c) Deployment of LTE (20 MHz) adjacent to a WCDMA (5 MHz) channel


[image: image1]
Figure 7: Channel and adjacent channel options for LTE (5, 10, 20 MHz) adjacent to WCDMA (5 MHz)

	Reference Channel
	Relative power in 5 MHz adjacent and alternate channels using 3GPP RRC filter 

	
	Channel (1)

(dBc)
	Channel (2)

(dBc)
	Channel (3)

(dBc)
	Channel (4)

(dBc)
	Channel (5)

(dBc)
	Channel (6)

(dBc)

	WCDMA (12.2 kbp)
	-33.5
	-46.6
	-57.5
	-
	-
	-

	(a) DFTS-OFDM 5 MHz
	-33.6
	-47.1
	-54.3
	-56.6
	-
	-

	(b) DFTS-OFDM 10 MHz
	-35.2
	-37.9
	-47.7
	-54.2
	-57.7
	-

	(c) DFTS-OFDM 20 MHz
	-37.4
	-39.4
	-40.2
	-41.9
	
	


Table 2:  Relative power in 5 MHz adjacent and alternate channels using 3GPP RRC filter 

4.1
LTE (5 MHz) adjacent to WCDMA (5 MHz)


[image: image2]
Figure 8: LTE (5 MHz) adjacent to WCDMA (5 MHz)
In this case the adjacent channel contributions from other WCDMA channels are not included and the impact of a delta increase for LTE signal would be reduced significantly if adjacent WCDMA channels are considered. Further co-existence work is needed to investigate the system impacts.

4.1 Deployment of LTE (10 MHz) adjacent to WCDMA (5 MHz)


[image: image3] 
Figure 8: LTE (10 MHz) adjacent to UTRA (5 MHz)
Constant total power implies a -3 dB reduction/sub-carrier hence there is a reduction in the adjacent channel power compared to 5 MHz LTE case covered previously
LTE higher adjacent channel spectral energy level extends out to the alternate WCDMA channel relative to a WCDMA channel shown in dotted line. In this case this could be 10 dB higher
However additional interferer from other WCDMA channel shown in figure 8 below will tend to mitigate this delta increase to approx 2 dB. So in this case network simulations are needed to determine which scenario is an accurate representation of actual conditions. 


[image: image4]
Figure 8: LTE (10 MHz) adjacent and alternative WCDMA (5 MHz) channel
4.3
deployment of lte (20 mhz) adjacent to WCDMA (5 MHz)



[image: image5]
Figure 8: LTE (20 MHz) adjacent to WCDMA (5 MHz)
Constant total power implies a -6 dB reduction/sub-carrier hence there is a reduction in the adjacent channel power compared to 5 MHz LTE case covered previously.  There is a reduction in level compared to 5 MHz, but the level extends out farther in frequency, leading to more ACP for some channels.  
However if we now include additional interference from other WCDMA channels adjacent to the victim this scenario, the total interference might only go up 1.0 dB instead of 8 dB in the 1st alternate channel.  2nd alternate would also increase 1.0 dB and 3rd alternate and beyond would increase even less.  


[image: image6]
Figure 8: LTE (20 MHz) adjacent and alternative WCDMA (5 MHz) channels
Again, network simulations are needed to determine whether this scenario is a more accurate representation of actual conditions.

5.0
cONCLUSION

For LTE the spectrum emission mask is directly related to the occupied bandwidth and therefore a fixed ALCR requirement for all bandwidth options is not realistic and also not inline with previous assumptions used in WCDMA i.e. ITU SM329 recommendations  

Analysis show for LTE there is an increase in spectral power into the adjacent and alternate channel due to the increase in spectrum efficiency from an increased occupied bandwidth. However if we include additional interference from other WCDMA channels adjacent to the measured channel this impact is reduced. At present it is difficult to quantify this increase in terms of system impact and additional co-existence simulation work is need. 
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� Note in WCDMA, the -33 dB ACLR value was agreed after simulations were performed by a number of companies for CS {8 kbps voice channel and 64 kbps data channel} for a certain loss of capacity i.e. ~5%. LTE is designed to operate in PS mode only and in this case HARQ and other L1 techniques have an impact in terms of improved throughput and cell coverage








