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1. Introduction

In the RAN Plenary #57 meetings, the study for the LTE Mobile S-band in Korea are approved. And the skeleton of technical report ab.cde for Rel-12 was approved in RAN4 #64bis meeting. 
The objective of study item on LTE FDD in the bands 1980-2010 MHz and 2170-2200 MHz is to facilitate and harmonize the efficient use of these bands for terrestrial IMT, especially LTE, for Korea.
In this contribution, we provide the text proposal discussed in [3] which contains the preliminary UE-to-UE coexistence requirements for S-band UE in Korea.
2. References
[1] TR ab.cde v0.0.2
[2] R4-120891, “Information of KCC plan on 2.1GHz Spectrum in Korea,” TTA
[3] R4-131386, “Evaluation of UE-to-UE coexistence for FS_LTE_1980_2170_Korea,” LG Electronics
[4] TR36.101 v11.4.0
Text proposal TR ab.cde
********************** Start of text proposal to TR ab.cde Chapter 7 ***************************
7 General issues 
This section looks at the specific RF requirements for LTE UE deployment of S-band in Korea.
7.1 Deployment scenarios 

To the E-UTRA terrestrial only or the combined for terrestrial and satellite service in Korea, KCC proposed to study the feasibility in new frequency band as in table 7-1.
Table 7-1 : LTE operating bands of S-Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	TRX separation

	
	UE transmit / BS receive
	Channel BW [MHz]
	UE receive / BS transmit
	Channel BW [MHz]
	

	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz)  –  FDL_high (MHz)
	
	

	XX
	1980
	-
	2010
	[10]/[15]/[20]
	2170
	–
	2200
	[10]/[15]/[20]
	190MHz
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Figure 7.1 Frequency band for 2.1GHz terrestrial operation in Korea

Based on the band allocation, S-band UE can coexist with UEs of the legacy operating bands such as Band 1, 3, 5, 8, 26 and 40 as shown in figure 1 and 2. Considering the worst case coexistence between the S-Band UE and legacy UE coexistence, it seems necessary to limit the interference into the legacy downlink band 1 from new S-band UE transmission.
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Figure 7.2 Other operating bands for the potential UE-to-UE coexistence study in Korea
In the figure7.2, other deployed operating bands than band 1 in Korea are shown to verify the potential UE-to-UE coexistence problems between the new S-band and other operating bands.
7.2 S-Band UE-to-UE coexistence study

In this section, main co-existence aspect that needs to be addressed is LTE UE of S-band to Band 1 UE co-existence as below in figure 7.3
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Figure 7.3 S-Band UE deployment scenarios for UE-to-UE coexistence
For this UE-to-UE co-existence, the deterministic approach and UE RF simulation approach based on Band specific RF component characteristics are used to verify the feasibility.
7.2.1 Deterministic Analysis for UE-to-UE coexistence 
For the deterministic analysis, RAN4 assume the following parameters
i) Re-use Band 1 duplexer attenuation for aggressor UE to derive REFSENS level for victim UE
ii) Antenna and body loss : maximum 8dB per person

iii) Maximum Tx power : UE power class 3 (23dBm), consider MRP, A-MPR in Band1
iv) Channel model : Use Free space path loss model 
v) UE to UE separate distance : ( 1m
vi) Desense less than 3dB in static condition
From upper assumption, we can derive the UE-to-UE spurious emission level using minimum coupling loss (MCL)
· Required SE at Tx = allowed noise rise at Rx + MCL +penetration loss               (Eq. 7-1)
Allowed noise rise at Rx is the estimated the interference level as follow (Eq. 7-2) and MCL level is derive by (Eq. 7-3)
· Allowed noise rise=  -174dB/Hz + 60dB/Hz + 9dB(NF) = -105dBm/1MHz             (Eq. 7-2)
· MCL = path loss +Tx/Rx antenna gains = 38.44 + 8dB*2users = 54.44 dB           (Eq. 7-3)
Where, path loss = 20*log10(fc[MHz])+20log10(d[m])-27.6 = 38.44dB, the penetration loss is assumed to be 0dB between adjacent UEs.
By using deterministic analysis, it can be seen that the emission level is - 50.56dBm/1MHz, which is the same value as the conventional spurious emission level in [4].
7.2.2 RF simulation based approach for UE-to-UE coexistence 
For the simulation based approach, self interference with duplexer attenuation of Band1 is considered. Band 1 frequency is just next to S-band and has the same duplexer spacing of 190MHz. Hence, it is reasonable to assume Band 1 duplexer as reference to verify the required duplexer attenuation for the S-band UE-to-Band 1 UE coexistence study.

Table 7-2 : Tx-Ant attenuation of Band 1 UE duplexer
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Figure 7.4 Tx-ant attenuation levels of Band 1 duplexer

Table 7-3 : Tx-Rx isolations of Band 1 UE duplexer 
[image: image7.png]item

Target Specification

~301085°C +25+2°C typ.
Isolation (Differentioal Mbde)
1) 192048 to  1979.52 Mz 55 dB min. 55 dB min 64 dB
2) 1924 to 19776 Mz 55 dBy min. | 55 dByr min. | 64 dByr
3) 211048 to 216052 Mz 50 dB min. 50 dB min 58 dB
4) 21124t 21676 M 50 dByr min. | 50 By min. [ 59 dByr
5 1574 to 1577 Mz 40 dBmin. | 40 dBmin 68 dB
6 3830t 3970 MHz 40 dBmin. | 40 dBmin 56 dB
7) 5750 to 5050 MHz 20 dB min. 20 dB min 49 dB
Isolation (Common Nibde)
1) 192048 to  1979.52 Mz 50 dB min. 50 dB min 56 dB
2) 1924 to 19776 Mz 50 dByr min. | 50 By min. [ 56 By
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Figure 7.5 Tx-Rx isolation levels of Band1 UE Duplexer
Figure 7.4 is the Tx-ant duplexer performance of band1 UE duplexer.  And figure 7.5 is the Tx-Rx isolation levels of band1 UE duplexer. From Figure 7.5, we can assume that if the duplexer characteristics of band 1 and S-bands are similar, then the Tx-Rx isolation level of duplexer is larger than 50dB in the 2110-2120MHz of Band1 UE.
The UL emission spectrum was simulated for single and full RB allocations for 10, 15, and 20 MHz CBW. The simulation assumptions are as follows
· Tx and Rx architecture : Conventional LTE rel-8/9 UE

· Channel Bandwidth 

· 10MHz, 15MHz and 20MHz

· No consideration of the CA scenarios
· Modulator impairments

· I/Q imbalance
: 25 dBc

· Carrier leakage: 25 dBc

· Counter IM3 : 60dBc
· PA operating point : Pout = 22dBm when full RBs allocated in REL-8 100RB QPSK
· Noise Floor : -140dBm/Hz at the PA output
· Insertion loss : 3dB

· MPR/A-MPR: same value as used in Band1

· Measurement BW : dBm/1MHz
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Figure 7.6-(a) Transmitter leakage at 10MHz channel BW
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Figure 7.6-(b) Transmitter leakage at 15MHz channel BW
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Figure 7.6-(c) Transmitter leakage at 20MHz channel BW
Figure 7.6 Transmitter leakage levels at (a) 10MHz (b) 15MHz and (c) 20MHz channel BW

Figure 7.6 shows the S-band UE Tx leakage levels into Band1 Rx UE according to the channel bandwidth. From these simulation results, the required additional attenuation levels can be summarized as values in table 7-4 which are the required Tx-Rx isolation level compared to the reference duplexer of Band 1.

For example, from the figure 7.6-(c), we can see that the Tx leakage level is maximum -65dBm/1MHz in Band 1 UE. The transmitted signal of S-band UE with 20MHz channel bandwidth is leaked into the Band1 DL as much as -65-50 = -115dBm/MHz considering Band 1 Duplexer Tx-Rx isolation in figure 7.5.

This level is higher than the thermal noise level (-174+60=-114dBm/MHz). Hence duplexer’s required attenuation level for Tx-Rx isolation should be more than 50dB to ignore the self-interference.
Table 7-4: Required Tx-Rx isolation level
	Case
	Tx leakage

[dBm/MHz]
	Tx-Rx isolation level

	
	
	-45dB
	-50dB

(Req. Duplexer for S-band UE)

	20 MHz, 100RB
	-65
	114-110= 4dB
	114-115= 0dB

	20 MHz, 1RB
	-80
	114-125= 0dB
	114-130= 0dB

	15 MHz, 75RB
	-72
	114-117= 0dB
	114-125= 0dB

	15 MHz, 1RB
	-80
	114-125= 0dB
	114-130= 0dB

	10 MHz, 50 RB
	-77
	114-122= 0dB
	114-125= 0dB

	10 MHz, 1RB
	-80
	114-125= 0dB
	114-126= 0dB


********************** End of text proposal to TR ab.cde Chapter 7 ***************************
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