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1. Introduction

During the RAN4#62bis meeting, the UE spurious emissions requirements for Band 1 and Band 34 coexistence were discussed based on [1]. The motivation of [1] was to alleviate the requirement on Band 1 rejection at 2010 MHz and the IL penalty. No consensus, however, could be reached in the meeting. In this contribution, as an alternative way-forward, we propose to tighten the IQ image requirements by 3 dB. Note that this 3 dB comes from an agreed CR,which tightens the modulator specification by 3 dB, in the RAN4#62bis meeting [2].
2.  Discussion

2.1. Brief overview
Figure 2.1-1 illustrates the frequency allocation of PHS, Band 1 and Band 34 in Japan. Although so far in RAN4, the co-existence between Band 1 and Band 34 has been handled the issue in Japan, as will be discussed in the followings, it seems this is not the case. 
It should be also noted that this co-existence issue had been already discussed many times in RAN4 and concluded in [3] that filters can work well and no change on the relevant requirements is required. In addition, in some countries or regions, the protection requirements between Band 1 and 34 are specified as their regulatory requirements. Thus, these values shall be handled with careful consideration and, rather than just relaxing the requirements and having operation restrictions, we should discuss some alternatives to solve the issue.
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Figure 2.1-1: The frequency allocation of PHS, Band 1 and Band 34 in Japan 
First, it should be noted that Band 1 is operated under NS_05 signaling in Japan regardless of its operation frequency range. This comes from the situation that the PHS protection shall be always guaranteed. Thus, additional one dB back off is available to protect both PHS and Band 34 when the number of resource blocks is more than or equal to 50. This means Band 1 terminals are allowed to use two dB back off in total.

Considering the above, it would be natural that one RB transmission with 23 dBm is the worst case to provide the highest spurious emission level over Band 34. The emission level would be around -36 dBm/MHz if the parameters in [4] are adopted. Note that the result would be different according to assumed parameters. For instance, the maximum output power of 24 dBm is adopted in [4]. If, however, 23 dBm is adopted, the emission level would be -37 dBm/MHz.
RAN4 conventionally uses 15 dB attenuation at 2010 MHz from Band 1 duplexer based on some discussions associated with Band 1 and Band 34 co-existence issue. From the above facts, it would be expected that “around” 15 dB comes from the following calculation, i.e., -36 dBm/MHz - (-50 dBm/MHz) = 14 dB. 
Second, without NS_05, the current 3GPP specification does not allow Band 1 terminals to use A-MPR to protect Band 34 for the case of the number of transmission RBs to be large. Although this aspect should be carefully paid attention to, still one RB transmission seems to be the worst case scenario from the content of [4], where [4] only evaluates one RB transmission case as the issue. Thus, in this contribution we handle the worst case scenario as the one RB transmission when E-UTRA 20 MHz channel bandwidth is assigned at the upper edge of Band 1.
· Observation 1: 1 RB transmission for 20 MHz channel bandwidth at the upper edge of Band 1 is the worst case scenario for Band 1 and Band 34 co-existence.
2.2.  LO leakage and IQ image requirements
Basically, the LO leakage and IQ image requirements are handled together in RAN4 whenever co-existence issues and so on are discussed. This Band 1 and Band 34 co-existence issue, however, does not have to handle these requirements together since 2-Folded Imbalance Image is the issue for this case [4]. 
As a result if only the IQ image requirement could be tightened, the required attenuation of Band 1 duplexer could be alleviated. 
· Observation 2: Tightening IQ image requirements can alleviate the requirement on Band 1 rejection at 2010 MHz and the IL penalty, but tightening LO leakage requirements is not necessary for this issue.
2.3. Consideration on similar co-existence issues
As already mentioned in Section 2.1, Band 7 and Band 38 co-existence issue has some similarities to Band 1 and Band 34 co-existence issue. For instance, Band 38 emissions to Band 7 Rx are one of the specific cases as follows.

· Band 38 filter does not provide any attenuation at 2645 MHz. Thus, post PA loss 4 dB was adopted in the simulation in [5]
· As discussed in [5], 1 RB transmission is the worst case at 2645 MHz.
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Figure 2.3-1 Band 38 emissions to Band 7 Rx in [5]

Figure 2.3-1 shows Band 38 emissions to Band 7 Rx, where similar situations will be observed in Band 1 emissions to Band 34. Although the IM generating the highest noise level would be different, the situation that one RB transmission to be the worst case scenario is the same between Band 7-38 and Bnad 1-34 co-exisitence issues. In addition, the simulation results using three different PA models are summarized in [5].
Table 2.3-1 Band 38 emissions to band 7 Rx at 2645 MHz in [5]
	Band 38 emissions to band 7

PA / UL Allocation
	Margin to – 40 dBm / 1 MHz limit @ 2645 MHz

	PA 1 / RB_Start = 45 C_LRB=54 RB
	>10 dB

	PA 2 / RB_Start = 45 C_LRB=54 RB
	>10 dB

	PA 3 / RB_Start = 45 C_LRB=54 RB
	>10 dB

	PA 1 / RB_Start = 99 C_LRB=1 RB
	7 dB

	PA 2 / RB_Start = 99 C_LRB=1 RB
	2 dB

	PA 3 / RB_Start = 99 C_LRB=1 RB
	1 dB


From the above table, it can be seen that the margins for one RB transmission case are different depending on the PA models. If the IQ image requirement is tightened, then, the margin for PA 3 for 1 RB transmission will be improved. As a result, the followings are expected.

· Request of unnecessary additional attenuation at 2645 MHz to filter vendors can be avoided and IL penalty associated with this issue also alleviated.
· Note that as a precondition, it is assumed that chips with -28 dBc IQ image requirements are available without any difficulty.
In addition, this is also applicable to Band 1 emissions to Band 34 issue.

· Observation 3: Tightening the IQ image requirements would improve IL penalty for similar cases as well.
Finally, we propose the following as one of the way forwards. 

· Proposal: IQ image shall be -28 dBc when the output power more than 10 dBm regardless of its frequency.
2.4. How to incorporate the proposal into TS 36.101
For below 1 GHz, the modulator specification was tightened by 3 dB in the CR [2] in RAN4#62bis. For simplicity, specific correction of our proposed changes based on the proposal in Section 2.3 above  is shown below using the agreed CR contents in [5] after applying their track changes . 
< start of changes >
6.5.2.2

Carrier leakage

Carrier leakage (The IQ origin offset) is an additive sinusoid waveform that has the same frequency as the modulated waveform carrier frequency. The measurement interval is one slot in the time domain.
2.4.1.1.1 6.5.2.2.1

Minimum requirements

The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed the values specified in Table 6.5.2.2.1-1.

Table 6.5.2.2.1-1: Minimum requirements for relative carrier leakage power
	Parameters
	Relative limit (dBc)
	Applicable frequencies

	Output power >10 dBm
	-28
	Carrier center frequency  < 1 GHz

	
	-25
	Carrier center frequency ≥ 1 GHz

	0 dBm ≤ Output power ≤10 dBm
	-25
	

	-30 dBm ≤ Output power ≤0 dBm
	-20
	

	-40 dBm ( Output power < -30 dBm
	-10
	


6.5.2.3

In-band emissions

The in-band emission is defined as the average across 12 sub-carrier and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB. 

The basic in-band emissions measurement interval is defined over one slot in the time domain. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one SC-FDMA symbol, accordingly.

2.4.1.1.2 6.5.2.3.1

Minimum requirements

The relative in-band emission shall not exceed the values specified in Table 6.5.2.3.1-1.

Table 6.5.2.3.1-1: Minimum requirements for in-band emissions

	Parameter description
	Unit
	Limit (Note 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 2)

	IQ Image
	dB
	-28
	Image frequencies when Output power > 10 dBm
	(Notes 2, 3)

	
	
	-25

	Image frequencies when Output power ≤ 10 dBm

	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (Notes 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	
	
	
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in Note 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

NOTE 6:
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is the Transmission Bandwidth (see Figure 5.6-1). 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


< end of changes >
3. Conclusion

In this contribution, we discussed the impact of tightening the IQ image requirement on IL penalty of filters. In addition, the following three observations are obtained from the discussion.

· Observation 1: 1 RB transmission for 20 MHz channel bandwidth at the upper edge of Band 1 is the worst case scenario for Band 1 and Band 34 co-existence.

· Observation 2: Tightening the IQ image requirements can alleviate the requirement on Band 1 rejection at 2010 MHz and the IL penalty, but tightening LO leakage requirements is not necessary for this issue.
· Observation 3: Tightening the IQ image requirements would improve IL penalty for similar cases as well.
Finally, we propose the following as one of the way forwards.

Proposal: IQ image shall be -28 dBc when the output power more than 10 dBm regardless of its frequency.
Reference

[1] R4-121635: UE spurious emissions requirements for Band 1 and Band 34 coexistence, Ericsson, ST-Ericsson
[2] R4-122193: Modulator specification tightening, Nokia corporation, et al.
[3] R4-113826: Co-existence issue with Band 1 and 34, NTT DOCOMO

[4] R4-093109: Band 1 Coexistence Expanded Single RB Analysis, Fujitsu
[5] R4-115885: Band 7 and Band 38 co-existence, Nokia







































2
1

[image: image1][image: image13.png]Paower in dBm

il

Power@30 00Kz
Power@!.000MHe

RelB/Gen/100 + Coexistence

RelB/Gen/100 + Coexistent e- spur

-100

IM related to B38
emissions to B7 Rx

IM directly related to
B1+B34 issue

28

262

Frequency in GHz



_1283201918.unknown

_1283202080.unknown

_1302214697.unknown

_1326463570.unknown

_1286775079.unknown

_1283202005.unknown

_1253196504.unknown

_1283201900.unknown

_1253196528.unknown

_1239962403.unknown

