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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, 2]. The document R4-070744 proposed the additional power reduction concept for the PHS band, which would be signalled through broadcast information [2]. The advantage of this approach is that the network operators could choose ON/OFF of this additional power reduction according to their regional circumstances. However, some concerns about the increase of testing complexity were raised, and no agreements on this co-existence problem were achieved.
This contribution provides updated solutions for the co-existence problems between E-UTRA and PHS in more detail.
2 Discussion
Some solutions to mitigate the interference from E-UTRA to the PHS band shall be required in order to assure that E-UTRA provides sufficient compatibility with the current PHS system. The mitigation approach, such as power reduction, should be applied efficiently, because it would directly reduce the system performance, especially uplink coverage.

As discussed in the last RAN4 meeting, on the other hand, the increase of UE complexity should be minimized. If there were many UE procedures, which would be defined based on each regional circumstances, the testing complexity would significantly increase.

Therefore, we list three options in the following and argue their pros and cons from both system efficiency and UE complexity points of view.

2.1 Option 1: Power reduction based on new signalling
In this option, a new signalling for additional power reduction shall be defined, and the UE shall apply additional power reduction based on the new signalling. Examples of the additional power reduction scheme are presented in Table 1 and 2. In both tables, additional MPR #0 and MPR #1 take into account ACLR2 requirements and co-existence with the PHS, respectively, although the values are just for example. In Table 1, the maximum power reduction depends on resource block allocation (transmission bandwidth) and modulation scheme, which is aligned with the current working assumptions in Section 6.2.3, TR 36.803. In Table 2, on the other hand, MPR is derived from centre frequency as well as resource block allocation and modulation scheme[3]. The MPR in Table 2 could minimize the degradation of the uplink cell coverage, because the UE would reduce the transmission power when the centre frequency of allocated resource blocks is adjacent to the PHS band.

Table 1 Example of additional power reduction (MPR depends 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 ≤ [25]
	QPSK
	[17]
	In case tx center frequency ≥ 1927.5 MHz

	
	
	16QAM
	[17]
	

	
	[25] < x ≤ [50]
	QPSK
	[19]
	In case tx center frequency ≥ 1935.0 MHz

	
	
	16QAM
	[19]
	

	
	[50] < x ≤ [75]
	QPSK
	[11]
	In case tx center frequency ≥ 1947.5 MHz

	
	
	16QAM
	[11]
	

	
	[75] < x ≤ [100]
	QPSK
	[20]
	In case tx center frequency ≥ 1950.0 MHz

	
	
	16QAM
	[20]
	

	…
	…
	…
	…
	

	
	…
	…
	…
	


Table 2 Example of additional power reduction (MPR depends 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)
	x ≤ [25]
	1922.5 ≤ fc < 1927.5
	QPSK
	[34]
	

	
	
	
	16QAM
	[34]
	

	
	
	1927.5 ≤ fc < 1932.5
	QPSK
	[17]
	

	
	
	
	16QAM
	[17]
	

	
	
	1932.5 ≤ fc
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	[25] < x ≤ [50]
	1925.0 ≤ fc < 1930.0
	QPSK
	[37]
	

	
	
	
	16QAM
	[37]
	

	
	
	1930.0 ≤ fc < 1935.0
	QPSK
	[24]
	

	
	
	
	16QAM
	[24]
	

	
	
	1935.0 ≤ fc < 1940.0
	QPSK
	[19]
	

	
	
	
	16QAM
	[19]
	

	
	
	1940.0 ≤ fc < 1945.0
	QPSK
	[11]
	

	
	
	
	16QAM
	[11]
	

	
	
	1945.0 ≤ fc
	QPSK
	[0]
	

	
	
	
	16QAM
	[0]
	

	
	[50] < x ≤ [75]
	1927.5 ≤ fc < 1932.5
	QPSK
	[38]
	

	
	
	
	16QAM
	[38]
	

	
	
	1932.5 ≤ fc < 1947.5
	QPSK
	[24]
	

	
	
	
	16QAM
	[24]
	

	
	
	1947.5 ≤ fc < 1952.5
	QPSK
	[11]
	

	
	
	
	16QAM
	[11]
	

	
	
	1952.5 ≤ fc < 1967.5
	QPSK
	[11]
	

	
	
	
	16QAM
	[11]
	

	
	
	1967.5 ≤ fc
	QPSK
	[2]
	Same for #0

	
	
	
	16QAM
	[3]
	

	
	[75] < x ≤ [100]
	1930.0 ≤ fc < 1950.0
	QPSK
	[39]
	

	
	
	
	16QAM
	[39]
	

	
	
	1950.0 ≤ fc < 1970.0
	QPSK
	[20]
	

	
	
	
	16QAM
	[20]
	

	
	
	1970.0 ≤ fc
	QPSK
	[2]
	Same for #0

	
	
	
	16QAM
	[3]
	

	…
	
	…
	
	…
	

	
	
	…
	
	…
	


Pros

This approach could be used not only for the co-existence with PHS, but also other co-existence scenarios. Network operators could select additional MPR schemes according to their deployment scenarios. For example, when adjacent systems are UTRA the tighter MPR schemes could be applied, and when adjacent systems are E-UTRA the looser MPR schemes could be applied.

Furthermore, it should be remarked that this approach could reduce the testing complexity, if the number of additional MPR schemes were restrained.

Cons

This approach would require a new signalling for the additional MPR schemes. However, if the ID of the additional MPR schemes were signalled, additional signalling overhead would be 2-3 bits.
2.2 Option 2: Power reduction based on Mobile Country Code (MCC)
In this option, the UE shall apply additional power reduction for the co-existence with PHS band when it receives certain PLMN (mobile country code and mobile network code) on BCH. The additional power reduction scheme, which is the same as #0 or #1 in Table 1 and 2, could be used for this approach. 
Pros

There is no additional signalling overhead in the broadcast channel.

Cons

This kind of regional requirement approach should be avoided from a testing complexity point of view. If there were many UE procedures, which shall be controlled using MCC, the number of the tests to verify such UE procedures would increase.
2.3 Option 3: Maximum allowed UL Tx power defined for each transmission bandwidth
In this option, the existing signalling “Maximum allowed UL Tx power” shall be extended for the co-existence purpose. For example, the Maximum allowed UL Tx power shall be defined based on resource block allocation (transmission bandwidth) as presented in Table 3. The UE shall control the transmission power based on allocated RBs and the Maximum allowed UL Tx power in Table 3.
Table 3 Extended “Maximum allowed UL Tx power”
	Information Element
	Need
	Multi
	Type and reference
	Semantics description

	Maximum allowed UL TX power (RB allocation <= [25])
	MP
	
	Integer(-50..33)
	In dBm

	Maximum allowed UL TX power ([25] < RB allocation <= [50])
	MP
	
	Integer(-50..33)
	In dBm

	Maximum allowed UL TX power ([50] < RB allocation <= [75])
	MP
	
	Integer(-50..33)
	In dBm

	Maximum allowed UL TX power ([75] < RB allocation <= [100])
	MP
	
	Integer(-50..33)
	In dBm


Pros
This approach is simpler than Option 1 and 2, and the UE complexity would be minimized.

Cons

The system efficiency might be degraded because the reduced power could not be controlled meticulously. Furthermore, the signalling overhead would be larger than Option 1.
3 Conclusions

In this contribution, we provide further studies on the solutions to mitigate the interference from E-UTRA to the PHS band. It is felt that Option 1 would be a balanced approach between system efficiency and UE complexity. If it would be agreed that this approach should be beneficial from a co-existence point of view, we propose that RAN4 should send a LS to RAN2 to specify the relevant UE procedures and signalling.
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