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Introduction
[bookmark: OLE_LINK2]In the past RAN4 meetings, there were lots of discussion on repeater conducted output power and emission requirements and there were lots of open issues left for further discussions. Therefore in this contribution, we want to share some further considerations on those remaining open issues.
[bookmark: OLE_LINK14][bookmark: OLE_LINK20][bookmark: OLE_LINK13][bookmark: OLE_LINK10]Discussion  
2.1. Out of band gain requirements
In last RAN4 meeting, there were some discussions on how to set the frequency offset breaking point for out of band gain, for the above 2GHz, due to the larger pass bandwidth above 20MHz, the following tentative proposals are made as following:
2.1.1. WA/MR repeater class
	· For above 2GHz frequencies and passband bandwidths above 20MHz

Agreement: with the values of frequency offset breaking points with [ ] pending on further confirmation:

	Frequency offset, f_offset_CW
	Maximum gain

	[0,2]< f_offset_CW < [4,0] MHz
	60 dB

	[4,0]< f_offset_CW < [15,0] MHz
	45 dB

	[15,0] MHz <f_offset_CW
	35 dB






After the further analysis for frequency offset breaking point for LTE based repeater as following, it is basically following the that of OBUE requirement.

Table 8.1-1: Out of band gain limits 1
	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 5,0 MHz
	45 dB

	5,0  f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz  f_offset_CW
	35 dB



Table 9.1.2.1.2-2: General operating band unwanted emission limits for repeater pass band 
5 MHz and above
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measure-ment bandwidth 

	0 MHz  f < 0.2 MHz
	0.015 MHz   f_offset < 0.215 MHz
	-14 dBm
	30 kHz

	0.2 MHz  f < 1 MHz
	0.215 MHz  f_offset < 1.015 MHz
	

	30 kHz 

	(Note 3)
	1.015 MHz  f_offset < 1.5 MHz
	-26 dBm
	30 kHz

	1 MHz  f < 10 MHz
	1.5 MHz  f_offset < 
10.5 MHz
	-13 dBm
	1 MHz 

	10 MHz  f  fmax
	10.5 MHz  f_offset < f_offsetmax 
	-15 dBm
	1 MHz



It could also been understandable since the maximum gain setting should be consistent with emission requirement setting . If to set the maximum out of band gain at the other frequency point as proposed in last meeting, it cannot be easy to check whether it could fulfill the emission mask at output antenna connector by considering the emission mask of input signal together with its maximum out of band gain.
In addition, it should noted that in LTE based repeater, there are also some bands e.g. band 7, band 22 and band 30, its frequency range is above 2GHz and its expected pass-band bandwidth is also expected larger than 20MHz for band 7 and band 22. The same frequency offset breaking point for out of band gain is reused instead of further extension.
Observation 1: for band 7, band 22 and band 30 in LTE based repeater spec, its frequency range is above 2GHz with its expected pass-band bandwidth larger than 20MHz in band 7 and band 22, the same frequency offset breaking point for out of band gain is reused. 
In addition, some background on how to set the frequency offset of BS OBUE, in general, this should be consistent with the typical bandwidth of adjacent channel. For example, for LTE BS OBUE requirement, it’s supposed to coexist with UMTS for long time, therefore frequency offset breaking point is defined as multiple of 5MHz. Similar situation exist for FR1 NR since its supported minimum channel bandwidth is also 5MHz and the UTMS and minimum channel bandwidth for coexisting is also 5MHz. 
Back to Rel-15 NR WI phase, when discussing the ΔfOBUE requirement to meet the Cat B spurious emission requirement -30dBm/MHz with the assumption of in-band emission requirement as -15dBm/MHz, it could found that it is feasible to achieve 15dB attenuation at the frequency offset 10MHz from band edge of LTE refarming band. And for new NR bands with its spanning bandwidth between 200MHz and 900MHz, it is feasible to achieve 15dB attenuation at the frequency offset 40MHz from the band edge.  

	[bookmark: OLE_LINK96][bookmark: OLE_LINK95]BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	BS type 1-C
	[bookmark: OLE_LINK28][bookmark: OLE_LINK27]FDL,high – FDL,low  200 MHz
	10 

	
	[bookmark: OLE_LINK25]200 MHz < FDL,high – FDL,low  900 MHz
	40 



If to achieve the same attenuation from out of band gain for NR based repeater, then the frequency offset could be updated as following:
Table 1: Out of band gain limits 1 for FDL,high – FDL,low  200 MHz
	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 5,0 MHz
	45 dB

	5,0  f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz  f_offset_CW
	35 dB



Table 2: Out of band gain limits 2 for 200 MHz < FDL,high – FDL,low  900 MHz
	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 20,0 MHz
	45 dB

	20,0  f_offset_CW < 40,0 MHz
	45 dB

	40,0 MHz  f_offset_CW
	35 dB




Proposal 1: for the out of band gain for WA/MR class:  
Table 1: Out of band gain limits 1 for FDL,high – FDL,low  200 MHz
	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 5,0 MHz
	45 dB

	5,0  f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz  f_offset_CW
	35 dB



Table 2: Out of band gain limits 2 for 200 MHz < FDL,high – FDL,low  900 MHz
	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 20,0 MHz
	45 dB

	20,0  f_offset_CW < 40,0 MHz
	45 dB

	40,0 MHz  f_offset_CW
	35 dB



2.1.2 LA repeater class
Agreement:
The baseline assumption: define two set of OOB gain requirements:
· The first one: in which the operator owns the whole band or collaborates with operators in the whole band and so the repeater passband covers the whole 3GPP band
· More relax OOB gain and ACRR requirements
· No ACRR in this case (no adjacent channel; passband covers the whole band)
· no OOB gain requirements for first 20MHz. 
· The second one: in which there are other un-coordinated operators in the band and so the repeater passband covers a portion of the 3GPP band.
· More stringent OOB gain and ACRR
· Same OOB gain requirement as WA in this case
For the first one for LA repeater class, it was agreed to have no OOB gain requirement for first 20MHz, however it’s not clear for the rest of frequency range, how to define OOB gain requirement. From our understanding, it should be follow the OOB gain in Table 1 and Table 2 for larger than first 20MHz. 
Proposal 2: for the repeater covers the whole 3GPP bands, to follow OOB gain in the table 1 and table 2 for further away from first 20MHz. 
2.2. ACRR
In last RAN4 meeting, there were good progress on ACRR requirement, however there are still some issues left for further final checking. 
	UL
· Agreement: For ACRR, consider the co-existence scenario with NR, LTE and UTRAN system
· The conformance test case(s) will be decided in conformance phase. 
· Agreement: For UL, assume 33dB
· Applicable for WA and MR
· For LA (baseline assumption):
· [20]dB not applicable if “passband is whole band” scenario, but if passband is part of band.
DL
Agreement: 
For DL: [33dB] ACRR for WA/MR and [20dBc] for LA class above 2.5GHz. [45] dB ACRR applicable for MR/WA below 2.5GHz
· Detailed Conformance test case(s) can be decided in conformance phase including whether separate or jointly test cases for ACRR, ACLR requirements and whether test case for OOB gain requirements enough
· For LA class, the requirement not applicable if “passband is whole band” scenario, but applicable if passband is part of band.



First of all, for LA UL, from my understanding , 20dB could be applied if pass-band is part of band.
For DL part, 33dB ACRR for WA/MR and 20dBc for LA class above 2.5GHz. However for 45 dB ACRR applicable for MR/WA below 2.5GHz, this is still questionable since we have already agreed to follow same OOB gain as E-UTRA for both DL and UL below 2.5GHz frequencies, there is close relationship between out of band gain and ACRR requirement per our understanding, therefore instead of increasing ACRR requirement up to 45dBc for below 2.5GHz, we still propose to reuse the LTE ACRR requirement for NR ACRR requirement for below 2.5GHz 
Proposal 3: for LA UL, 20dB could be applied if pass-band is only part of band;.
Proposal 4: for WA/MR/LA DL, LTE ACRR requirement could be reused for NR ACRR requirement for below 2.5GHz. 
Proposal 5: for WA/MR/LA DL, NR ACRR requirement above 2.5GHz could be defined as following: 
· For above 2.5GHz with FDL,high – FDL,low  200 MHz, the ACRR requirement could be reused. 
· For above 2.5GHz with 200 MHz < FDL,high – FDL,low  900 MHz, ACRR requirement could be defined as following
	Repeater maximum output power
	Channel offset from the centre frequency of the first or last 20MHz channel within the pass band.
	ACRR limit

	WA, MR repeater
	20 MHz
	33dB

	WA, MR repeater
	40 MHz
	33dB

	LA repeater
	20 MHz
	20dB

	LA repeater
	40 MHz
	20dB



2.3. Input IMD requirements
	Define 2CW signals as interference signal for input IMD

FFS: IMD testing points
· Option 1: [3] testing point, the begin, center and end frequency position in the passband
· Option 2: Test every X MHz, where X may depend on the passband bandwidth. FFS value(s) of X
· Option 3: Only the center of passband


Since option 3 has been used in past for UTRA and E-UTRA based repeater, therefore we don’t see strong motivation to further increasing IMD testing points.
Proposal 2: propose to use two CW signals the same as LTE repeater with intermodulation product is positioned in the centre of the pass band. 
Conclusions
In this contribution, we want to share some further considerations on those remaining open issues of conducted repeater and proposals are made as following:
Observation 1: for band 7, band 22 and band 30 in LTE based repeater spec, its frequency range is above 2GHz with its expected pass-band bandwidth larger than 20MHz in band 7 and band 22, the same frequency offset breaking point for out of band gain is reused. 
Proposal 1: for the out of band gain for WA/MR class:  
Table 1: Out of band gain limits 1 for FDL,high – FDL,low  200 MHz
	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 5,0 MHz
	45 dB

	5,0  f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz  f_offset_CW
	35 dB



Table 2: Out of band gain limits 2 for 200 MHz < FDL,high – FDL,low  900 MHz
	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 20,0 MHz
	45 dB

	20,0  f_offset_CW < 40,0 MHz
	45 dB

	40,0 MHz  f_offset_CW
	35 dB


Proposal 2: for the repeater covers the whole 3GPP bands, to follow OOB gain in the table 1 and table 2 for further away from first 20MHz. 
Proposal 3: for LA UL, 20dB could be applied if pass-band is only part of band;.
Proposal 4: for WA/MR/LA DL, LTE ACRR requirement could be reused for NR ACRR requirement for below 2.5GHz. 
Proposal 5: for WA/MR/LA DL, NR ACRR requirement above 2.5GHz could be defined as following: 
· For above 2.5GHz with FDL,high – FDL,low  200 MHz, the ACRR requirement could be reused. 
· For above 2.5GHz with 200 MHz < FDL,high – FDL,low  900 MHz, ACRR requirement could be defined as following
	Repeater maximum output power
	Channel offset from the centre frequency of the first or last 20MHz channel within the pass band.
	ACRR limit

	P  31 dBm
	20 MHz
	33dB

	P  31 dBm
	40 MHz
	33dB

	P < 31 dBm
	20 MHz
	20dB

	P < 31 dBm
	40 MHz
	20dB
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