3GPP TSG RAN WG4 Meeting #67
R4-132502
Fukuoka, JAPAN, 20th -24th May, 2013
Agenda Item:
9.1
Source:
LG Electronics
Title:
Revised Evaluation of UE RF requirements considering with IMD analysis for FS_LTE_1980_2170_Korea
Document for:
Discussion
1. Introduction

In the RAN Plenary #57 meetings, the study for the LTE S-band in Korea was approved. And the skeleton of technical report ab.cde for Rel-12 was approved in RAN4 #64bis meeting. 
One of the objectives for this study item is to facilitate and harmonize the efficient use of these bands for terrestrial IMT, especially LTE, for Korea.
In this contribution, we provide the UE transmitter RF requirements considering IMD and harmonic for S-band UE and additionally show our views on the UE receiver RF requirements.
2. Study on the UE Tx/Rx requirements
In this section, we analyze the harmonic and IMD products considering all deployed bands in Korea. 
Table 1 shows the LTE operating bands of this Study item.
Table 1: LTE operating bands of MSS

	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 1 Frequency band for 2.1GHz terrestrial operation in Korea
Figure 1 is the Frequency band around 2GHz LTE and figure 2 shows other deployed bands than 2GHz in Korea to verify the potential UE-to-UE coexistence study.
From Figure 1 and 2, S-band UE can coexist with UEs of Band 1, 3, 5, 8, 26 and 40 as table 2. The coexistence between S-band UL and Band 1 DL is the worst case in Korea, so it is necessary to limit the interference from S-band UL into Band 1 DL.
Table 2: Protected bands in Korea from S-band UE

	3GPP
band
	UL operating band
	DL operating band

	
	UE transmit
	UE receive

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

	1
	1920 
	–
	1980 
	2110 
	–
	2170 

	3
	1710 
	–
	1785 
	1805 
	–
	1880 

	5
	824 
	–
	849 
	869 
	–
	894 

	8
	880 
	–
	915 
	925 
	–
	960 

	26
	814
	–
	849
	859
	–
	894

	XX
	1980
	–
	2010
	2170
	–
	2200

	40
	2300
	–
	2400
	2300
	–
	2400
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Figure 2 Other operating bands for the potential UE-to-UE coexistence study in Korea
2-1.  UE Tx RF requirements with harmonic and IMD analysis

In this section, we analyze the harmonic and IMD products which have impact on the bands in Korea.
Table 3and 4 give the harmonic products from S-band UE according to the non-CA UE and intra-NC CA UE. From Table 3 and 4, it can be seen that none of the harmonic products fall into the own S-band DL and the other deployed bands in Korea, which means there is no harmonic problem from S-band UE in Korea.
Table 3: S-band UE harmonic products for non-CA
	UE UL carriers
	f1_low
	f1_high
	f1_low
	f1_high

	UL frequency (MHz)
	10MHz
	20MHz

	
	2000
	2010
	1990
	2010

	2nd order harmonics frequency range (MHz)
	4000 to 4020
	3980 to 4020

	3rd order harmonics frequency range (MHz)
	6000 to 6030
	5970 to 6030


Table 4: S-band UE harmonic products for intra-NC CA
	UE UL carriers
	f1_low
	f1_high

	UL frequency (MHz)
	1980
	2010

	2nd order harmonics frequency range (MHz)
	3960 to 4020

	3rd order harmonics frequency range (MHz)
	5940 to 6030


Table 5 and 6 show the frequency ranges of IMD products for S-band UE according to the non-CA UE and intra-NC CA UE. We can also see that there is no IMD products falling into the own S-band DL and the other deployed bands in Korea, which means there is no IMD problem from S-band UE in Korea.
Table 5: S-band UE IMD products for non-CA
	UE UL carriers
	f1_low
	f1_high
	f1_low
	f1_high

	UL frequency (MHz)
	10MHz
	20MHz

	
	2000
	2010
	1990
	2010

	Two-tone 3rd order IMD products
	|2*f1_low – f1_high|
	|2*f1_high – f1_low|
	|2*f1_low – f1_high|
	|2*f1_high – f1_low|

	IMD frequency range (MHz)
	1990 to 2020
	1970 to 2030

	
	
	

	Two-tone 3rd order IMD products
	(2*f1_low + f1_high)
	(2*f1_high + f1_low)
	(2*f1_low + f1_high)
	(2*f1_high + f1_low)

	IMD frequency range (MHz)
	6010 to 6020
	5990 to 6010

	
	
	

	Two-tone 5th order IMD products
	(3*f1_low – 2*f1_high)
	(3*f1_high – 2*f1_low)
	(3*f1_low – 2*f1_high)
	(3*f1_high – 2*f1_low)

	IMD frequency range (MHz)
	1980 to 2030
	1950 to 2050

	
	
	

	Two-tone 7th order IMD products
	(4*f1_low – 3*f1_high)
	(4*f1_high -3*f1_low)
	(4*f1_low – 3*f1_high)
	(4*f1_high -3*f1_low)

	IMD frequency range (MHz)
	1970 to 2040
	1930 to 2070


Table 6: S-band UE IMD products for Intra-NC CA

	UE UL carriers
	f1_low
	f1_high

	UL frequency (MHz)
	1980
	2010

	Two-tone 3rd order IMD products
	|2*f1_low – f1_high|
	|2*f1_high – f1_low|

	IMD frequency range (MHz)
	1950 to 2040

	
	

	Two-tone 3rd order IMD products
	(2*f1_low + f1_high)
	(2*f1_high + f1_low)

	IMD frequency range (MHz)
	5970 to 6000

	
	

	Two-tone 5th order IMD products
	(3*f1_low – 2*f1_high)
	(3*f1_high – 2*f1_low)

	IMD frequency range (MHz)
	1920 to 2070

	
	

	Two-tone 7th order IMD products
	(4*f1_low – 3*f1_high)
	(4*f1_high -3*f1_low)

	IMD frequency range (MHz)
	1890 to 2100


2-2.  Spurious emission for UE co-existence 
From the UE-to-UE coexistence analysis [1] and harmonic/IMD product analysis in this paper, we can see that there is no need to define A-MPR requirements and NS signalling to protect the bands in Korea. 
As a conclusion of previous discussion, SE requirements for UE-to-UE coexistence can be defined as -50dBm/MHz for S-band UE as in Table 7.
Table 7: Spurious emission bands UE co-existence of S-band UE
	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range 
(MHz)
	Level (dBm)
	Bandwidth (MHz)
	Comment

	XX
	E-UTRA Band 1,3,5,8,26,XX,40
	FDL_low
	-
	FDL_high
	-50
	1
	1

	NOTE 1: This requirement is applicable for S-band UE of Band XX in Korea


2-3.  Other UE Tx RF requirements
In Table 8, detailed descriptions on UE transmitter RF requirements were proposed to predict any potential requirements changes needed for S-band UE. 

Table 8: Considering UE Transmitter RF requirements for S-band UE

	Description
	Comments and Description of change

	UE Maximum Output Power
	No changes are needed for power class 3 due to the large duplex gap and Tx-Rx separation.

	UE Maximum Output Power with additional requirements (A-MPR)
	No changes are needed to protect adjacent coexistence bands  due to no IMD and harmonics in Korea [1].

	Spurious emission
	No changes are needed to protect whole frequency bands for S-band UE in Korea.

	ACLR/SEM
	No changes are needed in OOB ranges for S-band UE in Korea.

	Additional Spectrum Emission Mask
	No changes are needed to protect adjacent coexistence bands  due to no IMD and harmonics in Korea [1].


2-4.  REFSENS requirements for S-band UE
From the analysis of S-band UE co-existence and duplexer requirements, there is no co-existence impact on band 1 UE. Also S-band UE have same Tx-Rx frequency separation and total bandwidth of S-band is smaller than that of Band 1, therefore S-band UE’s REFSENS level can be easily regarded as same as that of Band 1. To verify this assumption, we performed simple RF simulation, the result of which is shown in Fig. 3.
Fig. 3 show Tx leakage level of 20MHz S-band UE into S-Band DL band with full RB allocation.
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Figure 3 Simulation results of the Tx leakage level into S-band DL
The leakage level in DL band is about -75dBm/MHz, which is further attenuated by Tx/Rx isolation level with 50dB in the DL. So the leakage level in DL is -125dBm/MHz.  Eq. 1 shows how to calculate REFSENS in general. 
· REFSENS = kTB + 10log(CH_BW) + NF+ IM + SINR +Diversity gain + DFB (dBm)      (Eq. 1)
                          = -174 dBm/Hz + 10log(20MHz) + 9dB+2dB-1dB -3dB +0dB 
= -104+11-4= - 94dBm/CH_BW
Where, kTB is thermal noise level, NF is noise figure, IM is impairment margin, SINR level is for QPSK modulation, Diversity gain is the receiver diversity gain and DFB means that Additional relaxation by reflection of design challenges for FE. 
Eq. 2 shows the impact of REFSENS in S-band DL induced by Tx leakage.
· REFSENS for S-band UE = Conventional REFSENS + Tx_leakage levels                        (Eq. 2)
= -94dBm/CH_BW +  -125dBm/MHz 

= -107dBm/MHz + -125dBm/MHz = - 106.93dBm/MHz 

= -93.97dBm/CH_BW
From Eq. 1 and Eq. 2, we can see that the REFSENS impact by Tx leakage is negligible. 

As a conclusion, REFSENS requirements for S-band UE can be defined as -94dBm/20MHz in Table 9 with the same uplink configurations as in Band 1 [2].

Table 9: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	XX
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD


2-5. Other UE Rx RF requirements
For the Receiver requirements for S-band UE, we propose preliminary descriptions on UE receiver requirements in Table 10. From the above REFSENS analysis, Tx leakage is expected to be negligible since the large duplexer spacing and same Tx-Rx frequency separation as Band1. Hence we can reuse the receiver requirements in table 10 for S-band UE.
Table 10: Considering UE Receiver RF requirements for S-band UE

	Description
	Comments and Comparison to 2-band Solution

	Adjacent Channel Selectivity
	No changes since there is no Tx leakage impacts on the S-band DL for the T-put requirements that can be larger than or equal to  95% with same condition in section 7.5.1 [2]

	Blocking characteristics
	No changes since there is no Tx leakage impacts on the S-band DL for the T-put requirements can be larger than or equal to  95% with same condition in section 7.6 [2]

	Receiver inter-modulation characteristics
	No changes since there is no Tx leakage impacts on the S-band DL for the T-put requirements can be larger than or equal to  95% with same condition in section 7.8.1 [2]


3. Conclusions

In this contribution, the UE Transmitter RF requirements of S-band UE including maximum output power and spurious emission band UE co-existence are proposed. And also UE receiver requirements of S-band UE proposed. For the next meeting, we will provide the analysis for the possibility of defining the extension band which is including both Band 1 and S-band as follow UL band (1920-2010MHz) and DL band (2110-2200MHz)
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