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1 Introduction
1.1	OBB
In the last meeting the WF (R4-2120666) presented the following option on OOB gain 
· Option 1: reuse or update E-UTRA repeater requirements.
· FFS the possibility of reusing the same requirement as E-UTRA at least for below 2GHz and for higher frequency consider higher propagation loss
· reuse the same limit as E-UTRA repeater spec and updating the frequency offset which could be adapted according to BW and operating band.
· Option 2: OOB gain is used on mitigate re-amplification of unwanted emission from donor or other nearest interference source.
· FFS whether to consider nearest interference source or only donor gNB. Please give some reasonable assumption of CL from interference source to repeater
· Option 3: OOB guarantee all the unwanted emission at repeater output port is equal to gNB OBUE requirements or some relax is also accepted. 
· Considering repeater’s OBUE is already required to follow gNB requirements, this requirement is suggested to be [3]dB relax. This means all the unwanted emission except for that produced by repeater itself equals to gNB OBUE.
· FFS whether to consider nearest interference source or only donor gNB. Please give some reasonable assumption of CL from interference source to repeater
· Option 4: reuse the same approach as in TS 25.956 that analyse all the interference scenarios including service cell DL and UL and adjacent cell DL and UL considering re-amplification of unwanted emission from donor BS, re-amplification of wanted emission from adjacent channel cell, internal noise of repeater.
· Other options are not precluded
· Please give argument to prove new method could work.
1.2	ACRR
Also in WG R4-2120666 ACRR was discussed with the following options:
· Option 1: ACLR+ACRR should be equal to the BS requirement in downlink, i.e. 45dB relative and absolute limit.
· Considering repeater’s ACLR is already required to follow gNB requirements, this requirement is suggested to be [3]dB relax. This means all the unwanted emission except for that produced by repeater itself equals to gNB ACLR.
· Option 2: reuse or update E-UTRA repeater requirements.
· FFS the possibility of reusing the same requirement as E-UTRA at least for below 2GHz and for higher frequency considering higher propagation loss
· Option 3: reuse the same approach as in TS 25.956 that analyse all the interference scenarios including service cell DL and UL and adjacent cell DL and UL considering re-amplification of unwanted emission from donor BS, re-amplification of wanted emission from adjacent channel cell, internal noise of repeater.
· Other options are not precluded
· Please give argument to prove new proved method could work.

2 Discussion
2.1	OOB gain
For the OOB gain we can make the assumption that a repeater must not create emissions that are worse than a BS (of the same class) by amplifying out of band emissions from the BS (or UE) and amplifying them to violate the emissions requirements.
In simple terms if the PL between the repeater and the interference source (BS or UE) is greater than the OOB gain then this rule will be broken.
The 3 options in the WF attempt to make estimates on the MCL between the repeater and the interference source.

The current E-UTRA OOB gain requirement is as follows:
The gain outside the pass band shall not exceed the maximum level specified in table 8.1-1, where:
-	f_offset_CW is the offset between the outer channel edge frequency of the outer channel in the pass band and a CW signal.
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



For 10,0 MHz  f_offset_CW the out of band gain shall not exceed the maximum gain of table 8.1-2 or the maximum gain stated in table 8.1-1 whichever is lower.
Table 8.1-2: Out of band gain limits 2
	Frequency offset, f_offset_CW
	Maximum gain

	10 MHz  f_offset_CW
	Out of band gain  minimum donor coupling loss



The goal of the OOB gain being less than the MCL is quite clearly see in table 8.1-2.
As we have repeater classes and we have adopted similar scenarios for the deployment of the repeaters as to the BS we can perhaps use the BS scenarios to guide the repeater MCL
Wide area, the BS to UE min distance is 35m (or MCL 70dB), the BS to BS min distance is 288m
Medium range the BS to UE min distance is 5m (or MCL 53dB), the BS to BS min distance (micro layer) is ~50m
Local area the BS to UE min distance is 2m (or MCL 45dB), the BS to BS min distance ~10m
This implies that the OOB gain could be different for different classes of repeater, however when it comes to the repeater the class refers to the transmission, and is applied to either the BS or UE side of the system, for example
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So for example the BS side could be a wide area repeater class and the UW side a local area repeater class. The gain however is a function of both sides. Realistically we are considering the MCL between the repeater input and the interferer so the limit applied would be that of the input side class not the output side. 
This is somewhat complicated and obviously would be simpler if we could apply the same OOB gain requirement to all repeater classes.
Considering the repeater antenna gain is not included in the OOB figure, we must also consider this. The input antenna gain is part of the repeater system OOB gain when estimating power levels. The output antenna gain however if we are comparing to the goal of meeting the same emission levels as the BS/UE as the antennas gain is not included in the  emission limit then there is no need to include it here.
Of course at FR1 frequencies the antenna gain is limited by the size of the antenna, a large BS array has a gain of approx. 17dBi however it is perhaps unlikely that a repeater will have such a large antenna? Also for the medium and local area classes where the MCL is lower than the antennas gain expectations are smaller.
So for each class we can assume:
	Wide area: MCL – GAnt,repeater,input = 70 – 17 = 53dB
	Medium range: MCL – GAnt,repeater,input = 53 – 10 = 43dB
Local area = MCL – GAnt,repeater,input = 45 – 5 = 40 dB
Of course as the frequency increases the available antennas gain for a fixed size increases but then of course so does the MCL due to increased PL.
These estimate are all lower than the existing repeater specification value of 35dB.
So it would seem re-using the existing E-UTRA requirements would be ok even with the consideration of the new repeater classes.  SO option 1 is ok.
2.2	ACRR
Adjacent Channel Rejection Ratio (ACRR) is the ratio of the RRC weighted gain per carrier of the repeater in the pass band to the RRC weighted gain of the repeater on an adjacent channel outside the repeater pass band.
The OBB gain requirement should ensure that any emissions from the repeater from amplifying adjacent channel noise are lower than that from a BS.
The purpose of the ACRR is to ensure that a wanted carrier of another operator which is outside the passband is not harmfully interfered with by the repeater.
If we assume that the wanted carrier inside the passband and a carrier outside the passband are present at the repeater input
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At the output we have 2 unwanted signals, the ACLR product from the wanted inside passband signal and the ACRR product of the outside passband signal.
Clearly if the repeater gain is 90dB and the ACLR/ACRR is 45dB then the outside passband signal is still being amplified by 45dB so will be greater than the signal from the BS and hence may cause interference, but there is no point in attenuating the outside passband signal beyond the level of the ACLR interference as this would dominate.
If both ACLR and ACRR interference were generated in the way shown in the figure clearly the total interference would be 3dB worse than that of the ACLR (from a BS for example) alone.
In the DL it seems likely that the BS may be co-located and hence carriers will arrive at the repeater at a similar level. For the UL the random nature of the URE placement would mean it is unlikely that the signals from 2 UEs would be at the same level at eh repeater input. As such the UL requirement is slightly easier and can be looked at in a more statistical nature.
Although the repeater ALCR in the UL is specified as 45dBc for wide area repeater, the UE’s themselves only have a ACLR requirement of 30 dBc (or 31 depending on class). The existing E-UTRA ACLR requirement of 33dB would therefore seem to be ok for the UL.
For the DL option 1 seems to be necessary to maintain system performance. The main issue is as we have already agreed that ACLR is 45dBc then if ACRR is specified as 45dBc also the net result will be 42dBc which means the adjacent channel noise will be worse than a BS. 
There are a number of ways to resolve this, ACRR could be specified at a much tougher level so its effect is inconsequential, or both ACLR and ACRR could be specified at 48dBc so their combined effect is 45dBc. However both these methods means that the contribution form each source is known. If ACLR can be easily achieved but ACRR not then this type of specification unnecessarily restricts the design.
To solve this the simplest solution is to specify ACLR and ACRR at the same time and maintain the 45dBc requirement.
It has been discussed that the ACLR and ACRR cannot be tested together, this is an issue for conformance perhaps, its not clear that testing them together is not possible. However even if they are tested separately this does not mean the core requirement (and the corresponding test requirement) cannot be for the sum of the 2 measurements. As such the measurement does not have to influence the nature of the core requirement.
Summary
This paper looks at the requirement for OOB gain and how the addition of repeater classes to the NR repeater may affect the required values. Looking at the different BS classes the existing OOB gain values look to be sufficient so option 1 from the WF is ok.
For ACRR for the UL then option 2 is ok, for UL option 1 should be used but with the added requirement that ACLR and ACRR meet 45dBc at the same time.
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