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1
Introduction

E-UTRA UE out of band emission to the PHS band has been discussed in the recent RAN4 meetings [1-4]. In the last RAN4 meeting #43 bis, R4-070959 provided a rough estimation on required power reduction of E-UTRA UE transmit power to meet the spurious emission limits to the PHS band, using UTRA SEM [3], and R4-070960 proposed additional power reduction concept based on broadcast information [4]. Although there was general agreement on this issue, it was felt that further work would be needed before specifying the details of the power reduction procedures.

To advance this work, this contribution provides required power reduction values, which were derived from actual LTE PA.
2 Evaluation Results
Additional spurious emissions requirement for PHS band for UMTS is specified as in Table 1 below [5][6]. In [6], it is proclaimed that the upper boundary of the PHS band will be shifted downward by 3.6MHz. It was discussed in [7] that the same additional spurious emissions requirement (in terms of “absolute interference power”) should be applied to E-UTRA as well. Since the operation bandwidth of E-UTRA would become wider than ones in UTRA, that means out of band emissions from E-UTRA UE to the PHS band should be properly reduced by reducing the transmit power of the UE.

Table 1 UE additional spurious emissions requirement for PHS band

	1884.5 MHz f 1919.6 MHz
	-41 dBm/300 kHz
	Until May 2012

	1884.5 MHz f 1916.0 MHz
	
	From June 2012


The parameters assumed to derive the required power reduction of E-UTRA UE are summarized in Table 2. We used a real GaASHBT-PA in this study. Further evaluation results on the power spectrum of the PA were provided in R4-071384 [8].

Table 2 Parametes

	#
	Item
	Parameter
	Remarks

	1
	UE output power
	+23 dBm
	

	2
	UE Tx carrier freq.

(Band I)
	Carrier center freq.: fc ≥ 1920 MHz
	

	3
	Number of resource blocks
	1, 8, 25, 50, 75, and 100 
	

	4
	Modulation
	QPSK, 16QAM
	

	5
	Power amplifier (PA)
	Real GaAsHBT-PA
	Tuned to meet the release-6 ACLR requirements

	6
	Time Windowing
	Raised Cosine, 12 samples
	


Figure 1 illustrates the relation between the required power reduction and the spurious limit for PHS. In this figure, RBBW refers to the Resource Block Band Width which is the transmission bandwidth of Resource Blocks allocated in UL and MEB stands for Minimum Exclusion Bandwidth which is located in between the PHS band and the lower edge of transmission band considered. We derived the required power reduction values from reducing the actual transmit power to meet the spurious limit for PHS for each transmit centre frequency.
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Figure 1 Relation between Spurious limit for PHS and Required power reduction
Figure 2 and 3 present the required power reduction with a certain margin for QPSK and 16QAM, respectively. For comparison, the required power reduction estimated from UTRA SEM is also presented in Figure 4, which is the same as Fig. 5 in R4-070959 [3]. From the results, one can see that the required power reduction derived from the real PA is much smaller than that estimated from UTRA SEM. The reason for this is that the out-of-band emission level due to the third and fifth distortion would decrease at a slope of 2-4 as the transmit output power decreases.
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Figure 2 Required Power Reduction (QPSK)
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Figure 3 Required Power Reduction (16QAM)
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Figure 4 Required Power Reduction (Estimated from UTRA SEM)
Figure 5 presents the required power reduction values in the lowest frequency, which corresponds to the worst case. In the figure, Minimum Exclusion Band (MEB) of 0 MHz, 5 MHz, or 10 MHz is assumed inbetween the PHS band and lower edge of transmission band. The results indicate that wider MEB than 10MHz could significantly decrease the required power reduction values.
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Figure 5 Required Power Reduction

Figure 6 and Figure 7 show Maximum Required Power Reduction versus MEB-RBBW ratio for QPSK case and 16QAM case respectively. As can be seen from the figures, MEB-RBBW ratio greater than one gives lower MRPR for RBs =25 or 50 case. For the case of RBs larger than 50, it can still be valid that larger MEB-RBBW ratio allows lower MRPR but on the other hand, it should also be noted that it means the actual MEB becomes larger than 15MHz, which seems rather impractical assumption that the system is allowed to reserve such a large MEB.

Taking into account these considerations above, we can conclude that MEB larger than the RBBW would be a possible solution to achieve lower MRPR for RBs less than or equal to 50 cases. However, for the case of larger RBs than 50, it may not give practical benefit but slightly larger MRPR with a certain width of MEB (for instance, 10MHz width) would be a good compromise.
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Figure 6 Required Power Reduction vs. MEB-RBBW ratio (QPSK case)
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Figure 7 Required Power Reduction vs. MEB-RBBW ratio (16QAM case)

3 Updated Additional Power Reduction Table
In this section, we update additional power reduction tables, which were proposed in R4-070960. Since it was recommended that Option 1 would be a balanced approach between system efficiency and UE complexity, the tables based on Option 1 are presented below. 

Table 3 presents the power reduction values dependent on RB allocation (transmission bandwidth) and modulation scheme with MEB of 10MHz. Table 4 presents ones dependent on centre frequency as well as RB allocation and modulation scheme with MEB of 10MHz. The table contains two sets of set of power reductions: ID#1 to be used until May 2012 and ID#2 to be used from June 2012 to accommodate re-banding of PHS system as shown in Table 1. The power reduction in Table 4 could minimize the degradation of the uplink cell coverage, because the UE would reduce the transmit power when the centre frequency of allocated resource blocks is adjacent to the PHS band. Although Table 4 captures the possible use cases, the table would need further refinement or improvement taking into account the practical use cases. The reduction of the combination would be worthwhile to consider since it would allow simplified implementation of E-UTRA UEs.
Table 3 Example of additional power reduction (Power reduction values depend on RB allocation and modulation scheme)

	ID of “Additional MPR”
	UE transmit channel configuration
	MPR

(dB)
	Remarks

	
	Number of RBs (x)
	Modulation
	
	

	#0 (for ACLR2)
	[50] < x
	QPSK
	[2]
	

	
	[50] < x
	16 QAM
	[3]
	

	#1 (for co-existence with PHS)
	x ≤ [8]
	QPSK
	[0]
	Transmission in MEB region is FFS and precluded from this table.

	
	
	16QAM
	[0]
	

	
	[8] < x ≤ [25]
	QPSK
	[2.1]
	

	
	
	16QAM
	[2.4]
	

	
	[25] < x ≤ [50]
	QPSK
	[2.9]
	

	
	
	16QAM
	[3.5]
	

	
	[50] < x ≤ [100]
	QPSK
	[3.0]
	

	
	
	16QAM
	[3.6]
	

	…
	…
	…
	…
	

	
	…
	…
	…
	


Table 4 Example of additional power reduction (Power reduction values depend on RB allocation, modulation scheme, and centre frequency)

	ID of “Additional MPR”
	UE transmit channel configuration
	MPR

[dB]
	Remarks

	
	Number of RBs (x)
	Centre frequency

(fc [MHz])
	modulation
	
	

	#0 (for ACLR2)
	[50] < x
	- (all frequencies)
	QPSK
	[2]
	

	
	[50] < x
	- (all frequencies)
	16 QAM
	[3]
	

	#1 (for co-existence with PHS) [To be used until May 2012]
	x ≤ [8]
	- (all frequencies)
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	[8] < x ≤ [25]
	1920.0 ≤ fc < 1930.0
	QPSK
	[FFS]
	MEB region

	
	
	
	16QAM
	[FFS]
	MEB region

	
	
	1930.0 ≤ fc < 1935.0
	QPSK
	[2.1]
	

	
	
	
	16QAM
	[2.4]
	

	
	
	1935.0 ≤ fc < 1940.0
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	
	1940.0 ≤ fc < 1945.0
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	
	1945.0 ≤ fc
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	[25] < x ≤ [50]
	1920.0 ≤ fc < 1932.5
	QPSK
	[FFS]
	MEB region

	
	
	
	16QAM
	[FFS]
	MEB region

	
	
	1932.5 ≤ fc < 1947.5
	QPSK
	[2.9]
	

	
	
	
	16QAM
	[3.5]
	

	
	
	1947.5 ≤ fc < 1952.5
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	
	1952.5 ≤ fc < 1967.5
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	
	1967.5 ≤ fc
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	[50] < x ≤ [100]
	1920.0 ≤ fc < 1940.0
	QPSK
	[FFS]
	MEB region

	
	
	
	16QAM
	[FFS]
	MEB region

	
	
	1940.0 ≤ fc < 1970.0
	QPSK
	[3]
	

	
	
	
	16QAM
	[3.6]
	

	
	
	1970.0 ≤ fc
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	#2 (for co-existence with PHS) [To be used froml June 2012]
	x ≤ [8]
	- (all frequencies)
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	[8] < x ≤ [25]
	1920.0 ≤ fc < [1926.4]
	QPSK
	[FFS]
	MEB region

	
	
	
	16QAM
	[FFS]
	MEB region

	
	
	[1926.4 ≤ fc < 1931.4]
	QPSK
	[2.1]
	

	
	
	
	16QAM
	[2.4]
	

	
	
	[1931.4] ≤ fc < 1940.0
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	
	1940.0 ≤ fc < 1945.0
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	
	1945.0 ≤ fc
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	[25] < x ≤ [50]
	1920.0 ≤ fc < [1928.9]
	QPSK
	[FFS]
	MEB region

	
	
	
	16QAM
	[FFS]
	MEB region

	
	
	[1928.9] ≤ fc < [1943.9]
	QPSK
	[2.9]
	

	
	
	
	16QAM
	[3.5]
	

	
	
	[1943.9] ≤ fc < 1952.5
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	
	1952.5 ≤ fc < 1967.5
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	
	1967.5 ≤ fc
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	[50] < x ≤ [100]
	1920.0 ≤ fc < 1940.0
	QPSK
	[FFS]
	MEB region

	
	
	
	16QAM
	[FFS]
	MEB region

	
	
	1940.0 ≤ fc < 1970.0
	QPSK
	[3]
	

	
	
	
	16QAM
	[3.6]
	

	
	
	1970.0 ≤ fc
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	…
	
	…
	
	…
	

	
	
	…
	
	…
	


4 Conclusions

In this contribution, we provided required power reduction values, which were derived from actual LTE PA. The findings from the results are that the actual required power reduction would be much smaller than that estimated from UTRA SEM in the previous studies [3]. It is also found that some exclusion band could further decrease the required power reduction values. Furthermore, we updated additional power reduction tables, which are based on the additional power reduction concept proposed in [4]. 

If the contents in this contribution would be agreeable, we propose that RAN4 should start work for specifying the relevant UE procedures and signalling.
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