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1 Introduction
In the last plenary the WI for an NR repeater [1] was approved. The WI covers both FDD and TDD repeaters for both FR1 and FR2.
Repeaters have been specified in the past for both UTRA and E-UTRA, whilst the E-UTRA repeater was only for FDD a LCR TDD has also been specified for UTRA. 
This paper looks at the existing repeater specifications and the requirements within them and offers views on what may be necessary for a NR repeater.
2 Discussion
There are 3 repeater specifications (and 3 corresponding test specifications) for UTRA and E-UTRA
TS 25.106: 	UTRA repeater radio transmission and reception
TS 25.116:	UTRA repeater radio transmission and reception (LCR TDD)
TS 36.106:	Evolved Universal Terrestrial Radio Access (E-UTRA); FDD Repeater radio transmission and reception
Whilst it is not explicitly in the title 26.106 is for UTRA FDD only.
And the TR’s
TR 25.956: 	Universal Terrestrial Radio Access (UTRA) repeater planning guidelines and system analysis
Note the TR is more than just a design history it contains planning guidelines for repeater deployment.
Clearly for an NR FDD repeater in FR1 it is likely that the requirements will be very similar to those in 25.106 and 36.015 (with appropriate NR requirements of course). For NR TDD the LCR TDD repeater can act as a starting point as to what is required for a TDD repeater.
2.1	Clauses in repeater specifications

	25.106
	25.116
	36.106

	Clause
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	Clause
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	Clause
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	Output power
	6
	Output power
	6
	Output power

	　
	　
	6.1
	Maximum output power
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	Frequency stability
	7
	Frequency stability
	7
	Frequency stability

	8
	Out of band gain
	8
	Out of band gain
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	Out of band gain

	9
	Unwanted emission
	9
	Unwanted emission
	9
	Unwanted emissions

	9.1
	Out of band emission
	9.1
	Spectrum emission mask
	　
	　

	9.1.2
	Operating band unwanted emissions
	　
	　
	9.1
	Operating band unwanted emissions

	9.1.3.
	Protection of the BS receiver in the operating band
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	Operating band unwanted emissions (Category A)

	9.1.4
	Co-existence with services in adjacent frequency bands
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	Operating band unwanted emissions (Category B)
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	Category B requirements (Option 2)
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	Spurious emissions
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	9.2.2.2
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	9.2.6
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	9.2.6.1
	Operation in the same geographic area
	9.2.3.1
	Operation in the same geographic area
	　
	　

	9.2.6.2
	Co-located Repeaters and UTRA-TDD and/or E-UTRA TDD base stations
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	Co-located base stations
	　
	　

	9.2.8
	Protection of public safety operations
	9.2.4
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	9.2.4.1
	Operation in the same geographic area
	　
	　

	　
	　
	9.2.4.2
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	9.2.5
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	9.2.5.2
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	10
	Modulation accuracy
	10
	Modulation accuracy
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	10.1
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	10.1
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	Peak code domain error
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	10.2
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	11
	Input Intermodulation
	11
	Input intermodulation
	11
	Input Intermodulation

	11.1
	General Requirement
	11.1
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	11.1.1
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	11.2
	Co-location with BS in other systems
	　
	　
	11.2
	Co-location with BS in other systems

	11.3
	Co-existence with other systems
	　
	　
	11.3
	Co-existence with other systems

	12
	Output intermodulation
	12
	Output intermodulation
	12
	Output intermodulation
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	Adjacent Channel Rejection Ratio (ACRR)
	13
	Adjacent Channel Rejection Ratio (ACRR)
	13
	Adjacent Channel Rejection Ratio (ACRR)

	　
	　
	13.2
	Co-existence with UTRA
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	Co-existence with UTRA

	　
	　
	14
	Timing Accuracy
	　
	　



The requirements in each specification seem very similar with the TDD repeater having an additional requirement of timing accuracy.
Requirements are defined for a repeater pass band which is a single or multiple consecutive channels inside the operating band (non-consecutive channels re considered as separate pass bands).
2.1.1	Output power
All 3 repeaters have similar output power accuracy requirements
The output power accuracy requirements apply at maximum gain and must be maintained when the input power levels are increased by up to 10dB.
The power accuracy requirements are the same for all repeaters: ±2dB nom, ±2.5dB extreme, P≥31dBm, ±2.5dB nom, ±4dB extreme, P<31dB.
The repeater gain is not specified, however in TR 26.956 a value of 90dB is used. It is also described that AGC is used to adjust the gain on set up to avoid isolation. As the antenna isolation must be > the gain, AGC can be used on set up to ensure the repeater does not oscillate
2.1.2	Frequency stability
Again all 3 repeaters have the same specification, that the output frequency shall be the same as the input frequency. A figure of 0.01ppm is used as a minimum requirement.
As the repeater is essentially an RF amplifier with no down/up conversion it would not be expected to contribute to frequency error. In fact this requirement almost ensures that up/down conversion is not possible as the requirement on the frequency sources would be extremely challenging.
2.1.3	Out of band gain
Out of band gain refers to outside the repeater pass band but inside the operating band.
The out if band gain requirements are all similar however the frequency offset from the carrier for each look different in all the specs as the UTRA steps are presented from the edge of the last channel and hence half the channel BW is added on to them (2.5MHz for FDD, 0.8MHz for TDD), and the E-UTRA steps are presented from the edge of the band.
Each has 4 steps with the same gain roll off requirements.
Each also has an additional requirement at the last frequency step that the out of band gain is less than or equal to the minimum donor coupling loss. The minimum donor coupling loss is a value declared by the manufacturer and is the minimum attenuation between donor and BS for proposer repeater operation, so is effectively a deployment parameter.
2.1.4	Unwanted emissions
Unwanted emissions covers both the in-band operating band unwanted emission or spectrum emissions mask and the out of band spurious emissions.
The in-band emissions follow the BS requirements for the appropriate specification, for UTRA it’s a spectrum emissions mask, including the addition requirements (DTT, adjacent to B1 etc). For E-UTRA operating band unwanted emissions are used. In both cases the requirements are the same as those for the BS.5
2.1.5	Modulation accuracy
The modulation accuracy requirements vary across the different repeater specs but are all related to the modulation accuracy requirements for their respective RATs.
36.106 for E-UTRA specifies UL and DL separately, whereas the UTRA repeaters specify only one EVM/PCDE requirement for both UL and DL.
EVM for the DL is defined as the difference between the ideal symbols and the measured symbols, this is the same as the BS. The repeater however does not generate its own modulation but amplifies the received signal from either the BS or the UE, the specification does not indicate the quality of the input signal for the requirement. However from the TR 25.956 the BS and the repeater EVM are added together to indicate the final EVM of the system.
Worst case for E-UTRA DL we could have:
	Modulation scheme 
	BS EVM (%)
	Repeater EVM (%)
	Total EVM (%)

	QPSK
	17.5
	8
	19.2

	16QAM
	12.5
	8
	14.8

	64QAM
	8
	8
	11.3

	256QAM
	3.5
	8
	8.7

	1024QAM
	2.5
	8
	8.4



It is questionable whether a repeater with this requirement would be suitable for the higher order modulation schemes as the EVM degradation is very severe.
2.1.6	Input Intermodulation
All 3 specifications have the same general requirement, the power in the passband shall not increase more than 10dB when 2 interfering signals (inside the operating band but outside the pass band) at a level of -40dBm are applied.
Co-location and co-existence requirements are also defined for the FDD systems where compatibility with other operating bands is defined. For co-existence the level is -15dB, and for co-location its +16dBm
2.1.7	Output Intermodulation
All systems have the same requirement, the output intermodulation is the same as for the BS, a signal 30dB lower than the wanted signal is applied to the output port and the unwanted emissions requirements must be met.
2.1.8	Adjacent Channel Rejection Ratio (ACCR)
This requirement only applies to UTRA and co-existence with UTRA (in the UTRA TDD and E-UTRA specs). 
The requirement is analogous to ACLR but in the DL is considerably worse than the BS requirement and analogous to the UE requirement (33dB), although it is valid for both UL and DL.
TR 25.956 explains why BS level ACLR cannot be measured for the repeater and is hence not included in the requirement. 
The repeater does have to meet the UEM (E-UTRA) and SEM (UTRA) requirements which are the same as the BS, and are likely to be tougher than these requirements.
2.1.9	Timing Accuracy
[bookmark: _GoBack]This requirement applies only to the UTRA TDD system, it is defined as the repeater synchronization accuracy with Node B and has a gain mask for both the UL and the DL.
For both there is an 8 chip window before and after the burst (without the guard period), which is 6.25us for LCR UTRA TDD.
How the timing is extracted and how the gain is switched is not specified
3 Summary
In this paper the RF requirements presented in 3 separate repeater technical specifications for UTRA FDD, UTRA TDD and E-UTRA FDD have been compared.
Many of the requirements are the same or at least follow the same principle of using the BS limits. Requirements on emissions are broadly in line with the equivalent BS requirements, requirements limiting gain to prevent repeater oscillation are the same across all variants and would likely be similar for an NR repeater.
There are a number of interesting requirements however which have implications on repeater design and possible implication of a NR TDD repeater:
Frequency Stability: The allowable value is so small that any up/down conversion and demodulation seems improbable to implement.
Modulation accuracy: The EVM requirement is assuming a “clean” input signal, the allocation to the repeater is hence added to the BS/UE EVM when considering the link. Current requirements are very high and possibly only suitable for QPSK or 16QAM links. For NR it is possible this value needs to be improved.
Timing accuracy: As NR is considering TDD a similar timing accuracy requirement may be needed. The current requirement is based on the chip rate and only for low chip rate UTRA, this will need further study if it is applied to NR.
In addition existing repeater variants are designed for networks which do not have AAS, whilst the repeater itself may not use AAS beam forming, the BS and UE it communicates between may, this should further be investigated.
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