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1 Introduction
In the last meeting there were a number of agreements on EVM made but some open issues remain, these were captured in the WF
Agreement 1-1: Define EVM limits in the spec.
Agreement 1-2: 256 QAM scenario should be considered for repeater spec. 256 QAM is not necessary for FR2 UL.
Agreement 1-3: If EVM are based on declaration, regardless of declaration of basic limits or modulation scheme, the declaration for DL and UL are independent.
Agreement 1-4: Define following EVM levels linked to different modulation scheme and repeater declare which EVM level is supported.
	EVM level linked to 256QAM 
	FFS: EVM level linked to  low data rate e.g. QPSK
	EVM level linked to 64QAM 
RAN4 will further discuss how to specify EVM into specification

Companies are encouraged to further study on following issues in Nov meeting:
	Whether to define more stringent requirements compared with BS spec
Discussion
2.1	Low data rate EVM
It has been discussed that potentially a low data rate repeater suitable for only QPSK is defined. Unlike 256QAM which may or may not be deployed in networks it is certain that a NR network will use greater than QPSK modulation. As a repeater cannot distinguish between what signals it amplifies if a 64QAM (for example) signal were amplified by a QPSK only repeater then its signal quality would be degraded and the network performance would suffer.
The question arises under what circumstances would a QPSK only repeater be usable in a network? One example discussed was a factory or other enclosed space where only a QPSK signal is needed and the repeater will not function beyond the said enclosure.
This is perhaps a similar scenario to a home BS where co-existence is calculated on the assumption of high penetration loss between the home BTS and any outside macro networks. One difference with a repeater however is that its purpose is to extend the range of the signal and allow BS to communicate in blank spots. It seems that maintaining isolation from the macro network and extending the coverage of the macro network are mutually exclusive?
Of course if the entire network were isolated i.e. a local BS inside a building with a network of QPSK only repeaters then it could remain isolated from external networks then this is one possible application.
So does this deployment scenario fit in with the existing set of repeater classes, probably not as even local area networks are deployed outside and are not strictly isolated from the macro network.
We have long had the idea of a home class repeater kept as an option, it is possible this could be used to defined the “enclosed” scenario which would allow safe use of a QPSK only repeater.
Observation 1: The deployment scenario where a QPSK only repeater is usable is not consistent with existing repeater classes
Observation 2:  Home repeater class could potentially be used to describe the acceptable QPSK only deployment scenario.
EVM is equivalent to co-channel noise. It can be generated by a number of things but in a BS is usually due to the Peak to average ratio reduction algorithms. These reduce the PAR at the cost of EVM but allow ACLR to be maintained.
Other sources of EVM are generally much lower. For example BS ACLR is 45dBc, UE ALCR is 30dBc. To maintain 17.5% EVM (requirement for QPSK) only 15dBc is required for 64 QAM, the requirement is 8% which is equivalent to 22dBc. 
In a repeater the EVM is specified based on a clean signal, and there is no opportunity to apply an BB PAR reduction algorithms (it should be perhaps discussed if the test signal has full PAR or reduced). So the main sources of EVM degradation will come from amplifier non linearity, filter group delay variation, LO phase noise and possibly system noise figure for low level signals.
If the linearity of the amplifiers is much greater than the level required to maintain a low EVM its not clear that a relaxed EVM requirement will actually make the implementation any easier?
Observation 3: It’s not clear relaxed EVM will make implementation any easier.
In summary the deployment case for the QPSK only repeater is not clear and would require an addition class to be defined, at the same time it’s not clear that significant simplification would occur with such a relaxation so we don’t see the need for defining this at this stage. It is ok to keep the option of a home repeater open for future development however.
2.2	EVM level
The WF asks for opinion if the EVM requirement should be stricter than the BS
As discussed previously in a BS the EVM is generally dominated by the PAR reduction algorithms which are not present in the repeater. Contributors in the repeater could be:
· PA linearity
· LO phase noise
· Filter group delay variation
· System phase noise
We have discussed NF separately and clearly the EVM of a low level input signal will degrade due to the repeater NF, however this is a simple analysis and is discussed elsewhere. For large signals where the NF has no impact the linearity is likely to be the largest but current ACLR requirements (for BS at least) are orders of magnitude tougher than for a repeater. As such it seems there is the possibility to make the requirement tougher without any significant design challenge.
Observation 4: As the signal is not subjected to any PAR reduction algorithms the EVM should be lower.
Also in terms of the link any EVM degradation will be in addition to tat from the BS, we can assume its orthogonal so if the EVM 64QAM requirement were 8% (the same as the BS) then the output EVM would be:

That’s equivalent to a 3dB degradation in co-channel interference. 
Now as the repeater purpose is to extend the range of the signal, we can assume the receiver will be receiving a signal near the noise floor. As such we can compare a 3dB degradation in co-channel noise to a reduction in range. 
As such the range of the signal out of the repeater for the same output power would not be as great as that of the BS (0.707x).
If the repeater EVM contribution were 3.5% (-29dBc) which is still in line with even the UE ACLR requirement then the SNR degradation would be less than 1dB (range~0.9 of BS).
If the EVM degraded at the cost of range, then in order to get more range more power is needed, more power at a lower quality will cause greater interference to other networks etc so should be avoided.
Observation 5: Maintaining link EVM will extend the range of the repeater signal and effectively reduce interference in the network.
Of course there is a trade between what is realistically implementable and what gives perfect results. Once the EV< requirement is close to 3.5% then potentially the LO phase noise and the filter response will start to have a much larger contribution. As such 256QAM repeater would have to put up with relatively higher level of EVM degradation than a 64QAM repeater. 
If we base the EVM capability on the ACLR requirement then for UL 30dBc if equivalent to about 3%, to allow some margin for other contributors a target of 5% may be achievable and still offer performance improvements for the 64QAM channels?
Observation 6: Setting a 65QAM system repeater target between 3.5 to 5% seems achievable and would yield benefits to the link.
Summary
In this paper we have discussed the plausibility of a low spec QPSK only repeater and also the possibility of the repeater EVM requirement being tougher than the current BS levels. 
On the QPSK only repeater issue we make the following observations
Observation 1: The deployment scenario where a QPSK only repeater is usable is not consistent with existing repeater classes
Observation 2:  Home repeater class could potentially be used to describe the acceptable QPSK only deployment scenario.
Observation 3: its not clear relaxed EVM will make implementation any easier.
And on the level for EVM for the repeater requirement
Observation 4: As the signal is not subjected to any PAR reduction algorithms the EVM should be lower.
Observation 5: Maintaining link EVM will extend the range of the repeater signal and effectively reduce interference in the network.
Observation 6: Setting a 65QAM system repeater target between 3.5 to 5% seems achievable and would yield benefits to the link.
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