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Introduction
This contribution discusses input IMD, out of band gain and ACRR for FR1.
[bookmark: _Ref178064866]Discussion
Input IMD
During RAN4#101-e, it was agreed that the input IMD requirement will be based on 2 CW signals. What was not agreed was whether the IMD should be tested at a single frequency point, three frequency points or more than 3 points (a frequency point meaning the location of the IM product within the passband).
The need for testing at multiple frequency points depends on the frequency variability of the LNA and PA response. Whether there is significant frequency variation or not though, in principle the core requirement should apply for all potential IM frequencies within the passband.
How many frequencies to test depends on necessary test time and what is a suitable test coverage and should be discussed during the conformance phase.
Proposal 1: The input IMD core requirement should be applicable for all IM frequencies within the passband. The number of frequency points to test should be discussed during the conformance phase.

OOB gain
[2] outlines some analysis carried out in the time of UMTS for determining out of band receiver gain. The impact of out of band gain was analyzed for the 3rd adjacent channel, and it was suggested that the degradation to SNR would be negligible in UL and around 1.8dB in DL with 35dB out of band gain.
A complimentary and preferable method to analyze out of band gain would be to assume that if unwanted emissions from another source would be present at the input to the repeater then the OOB gain should be sufficiently low that after amplification, the re-amplified unwanted emissions would be lower than emissions limits. This can be achieved by considering the minimum expected coupling loss to any other source of unwanted emissions. If the out of band gain is less than or equal to this coupling loss then, assuming that the emissions are as high as the allowed limit at the emissions source then the emissions will not exceed the limit after re-amplification at the repeater.


Figure 1: Amplification of unwanted emissions

ACRR
The repeater may amplify unwanted emissions in the adjacent channel, but if the OOB gain requirement is met then the re-amplified emissions should not exceed emissions limits. In addition to amplifying unwanted emissions though, the repeater may also amplify the wanted signal of an adjacent operator just outside of the passband.
Two scenarios can exist in which the adjacent operators’ carrier is amplified. In the first scenario, depicted in figure 2, the carrier amplified by the repeater is expected to be transmitted to / received from the same adjacent operator BS as the one that transmits to/from the intended adjacent operator UE.


Figure 2: Amplification/distortion by repeater of adjacent carrier transmitted from the same BS

If a carrier of an adjacent channel operator is amplified by the repeater then, since the amplification will be outside of the passband, the EVM may not be achieved. The extent of the degradation of the other operator’s signal on their performance is not clear. One way to consider the impact is to take a worst-case scenario that the re-amplified carrier is completely distorted and appears as interference. In this case, to avoid degradation to the operator, the power of the re-amplified carrier at the output of the repeater should be lower than the adjacent channel emissions requirement. 
In the second scenario, it may be that the victim UE is served from a different basestation to the one that is being re-amplified by the repeater, in which case the re-amplified signal will be experienced as increased inter-cell interference.
Note that in figures 2 and 3, the adjacent channel and intended BS are depicted as being co-located, because this is the most likely case in which the adjacent channel BS is in the line of the donor link. Scenarios with a non-co-located adjacent channel operator BS are plausible though.



Figure 3: Amplification/distortion by repeater of adjacent carrier transmitted from a different BS

An open question is how large the input power to the repeater could be for an adjacent channel operator. For the UL, it is just as possible that an adjacent channel operator UE could be at the minimum distance from the repeater, and just as likely that the TX power could be the same level for the adjacent channel operator as for the wanted operator. This could imply that, in order to avoid degradation to the adjacent channel operator, the power of any re-amplified carrier should be lower than the adjacent channel emissions that could be expected from an aggressor operators UE. To ensure this, ACRR would need to be at least as large as ACLR.
However, it is likely that the coupling on the donor link is larger than the typical BS-UE minimum coupling loss. In co-existence simulations, typically UEs that are close to MCL cause degradation. Due to the expected larger loss on the donor link, the power of the re-amplified carrier could potentially be larger than adjacent channel emissions from a UE at MCL. This implies that UL ACRR could be lower than the ACLR.
In [2], uplink system simulations are presented for a UMTS network, which suggest that with an ACRR of greater than 30dB, degradation to an adjacent network can be avoided. These results for UL fit together with the above analysis.
Observation 1: ACRR of 33dB is likely to be sufficient for uplink.

In the DL, since BS can be co-located it is also a viable scenario that the wanted and adjacent channel operator have the same input power at the repeater. [2] presents some analysis for UMTS that is used to derive DL ACRR. The analysis considers the size of a zone in which zero coverage (i.e. SNR degradation to below -8dB in the victim due to the repeater) occurs; the zone size can be 60-100m. It is concluded that the UE ACS will dominate the degradation zone around the repeater and so ACRR can be 33dB (which is the same as the UE selectivity).
What the analysis does not consider is that outside of this zone, if the ACRR is greater than the ACLR then the degradation caused by the repeater to UE throughput will be greater than that caused by a basestation. Unlike the UL, it is entirely possible that victim UEs in the DL may be separated from the repeater by MCL and so if ACRR > ACLR then distortion due to interference in the victim operator channel will be greater than is typical for BS.
Observation 2: The analysis in [2] has not evaluated average DL throughput degradation due to interference in the adjacent channel of the victim (it only considered blocking within a limited zone).
Observation 3: If the DL ACRR > ACLR then there will potentially be a greater amount of interference in the victim adjacent channel that is typical for BS, and increased degradation may be expected.

Relation between ACRR and ACLR
Before deciding on the ACRR, it is important to consider that both ACLR and ACRR create distortion outside of the passband in a neighbour operators’ channel and might have a combined effect. The requirements need to be set in a manner that ensures that any combined interference effect of both does not cause degradation.
In the example of figure 1, the repeater will generate both ACLR and will re-amplify the other operator carrier. Thus, in principle the sum of ACLR and ACRR should be within the BS ACLR limit for ACLR.
Observation 4: In principle, the sum of ACLR and ACRR should be within the BS limit for ACLR for DL.

Relation between out of band gain and ACRR
The out of band gain requirement also regulates gain in the adjacent channel. If the E-UTRA out of band gain requirement is followed, then table 1 shows the effective ACRR for several bandwidths.

	Bandwidth
	5MHz
	10MHz
	20MHz
	40MHz

	Total adjacent channel gain*
	53 dB
	50 dB
	47 dB
	43 dB

	Repeater gain
	90 dB
	90 dB
	90 dB
	90 dB

	Effective ACRR
	37 dB
	40 dB
	43 dB
	47 dB


(* Total gain if the repeater meets the E-UTRA OOB gain requirement over the bandwidth)
Observation 5: For small bandwidths, the effective ACRR if the E-UTRA out of band gain requirement is applied is lower than ACLR; for bandwidths above 40MHz it is greater than ACLR.
It should be noted that in the above analysis the repeater is assumed to have 90dB gain; with lower than 90dB gain the effective ACRR would be lower and this it is still useful to define an additional ACRR requirement even for higher bandwidths.

Measurement of ACLR and ACRR
Measurement of ACLR and ACRR should be discussed in the conformance phase. If ACLR and ACRR are defined to be the same value or if a combined value for both is defined, then some measurement time could be saved if both would be measured together. If different values would be agreed for the requirements, then they would need to be measured separately.
Conclusion
Proposal 1: The input IMD core requirement should be applicable for all IM frequencies within the passband. The number of frequency points to test should be discussed during the conformance phase.
Observation 1: ACRR of 33dB is likely to be sufficient for uplink.
Observation 2: The analysis in [2] has not evaluated average DL throughput degradation due to interference in the adjacent channel of the victim (it only considered blocking within a limited zone).
Observation 3: If the DL ACRR > ACLR then there will potentially be a greater amount of interference in the victim adjacent channel that is typical for BS, and increased degradation may be expected.
Observation 4: In principle, the sum of ACLR and ACRR should be within the BS limit for ACLR for DL.
Observation 5: For small bandwidths, the effective ACRR if the E-UTRA out of band gain requirement is applied is lower than ACLR; for bandwidths above 40MHz it is greater than ACLR.
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