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1 Introduction
The last meeting was the 1st for the RF repeater WI, the WF [1] was approved which outlined all the RF parameters to be discussed.
This paper gives our views on the issue raised in [1].
2	Discussion
2.1 Class definition
The WF stated:
· FFS on whether to distinguish DL and UL for class definition
· FFS on whether explicitly distinguish classes in specification
Option 1: Explicitly distinguish repeater classes in the specification. e.g. selection from the set of MA/MR/LA with some modification, if needed, similar as IAB-MT classes definition.
Option 2: no class is needed
The BS class is based on a number of deployment conditions, in the TS the minimum separation between the BS and the UE is captured as a primary condition, for example:
For BS type 1-O and 2-O, BS classes are defined as indicated below:
-	Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum distance along the ground equal to 35 m.
-	Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum distance along the ground equal to 5 m.
-	Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.
Whilst the distance is explicitly listed the “macro cell scenarios” text is also important, those scenarios when used to derive requirements include:
· BS height (i.e. above rooftops for macro)
· Propagation model
· Antenna assumptions
· BS output power/sensitivity
· Cell size (max and min)
The declared class of the BS is used as an input to a few RF parameters to adjust the requirements
· Maximum output power
· Frequency error
· Reference sensitivity
· Receiver interference requirements (blocking, ACS, etc)
The basic principle is that the smaller the cell the lower the output power, the worse (higher power) the sensitivity and the greater the interferer levels.
	
The repeater differs from the BS (and UE) in a number of ways:
- It is a gain device rather than power, the output power depends on the input power and under certain circumstances is limited.
- Deployment is used to fill in blank spots and extend cells

On the DL it can be assume that if the BS signal is large then the repeater would not be deployed (as it would not be needed) hence it is deployed where the BS signal is low, as the repeater has a maximum gain it can realistically achieve it is unlikely to require very high power levels.
For the UL it can be assumed that the repeater will be surrounded by randomly placed UE’s as such it will be close to them, also will require sensitivity appropriate to balance the link with its output power.
The most likely deployment therefore for a repeater is what we may consider a local or possibly a medium range BS. This is consistent with the existing repeater requirements which were developed assuming a repeater max power of approx. 30dBm
Based on this we think it is not necessary to define repeaters with the same classes as BS, the deployment scenarios are very different and using BS classification could be confusing. In addition it seems that the deployment scenario for a repeater is quite specific and as such multiple classes are not needed.
Observation 1:	Classes are not required for repeaters
2.2		FDD repeaters
The WF  [1] stated:
· NR FDD requirements could follow LTE FDD requirements. However, at least following requirements should be further discussed.
· EVM
· OBUE & adjacent channel emissions
· maximum output power
· out of band gain
The current E-UTRA repeater requirement (TS 36.106) has an EVM requirement of 8%, the requirement states this is compared to the ideal symbol, the test set up uses a signal generator on the input which can be considered ideal. In real deployment the input is of course from the BS which has its own EVM contribution:
 The repeater therefore contribute as significant degradation to the EVM (and hence the signal SNR) in particular for the higher modulation orders
	Modulation scheme for PDSCH
	BS EVM (%)
	Repeater EVM (%)
	Total EVM (%)
	SNR degradation (dB)

	QPSK
	17.5
	8
	19.2
	0.8

	16QAM
	12.5
	8
	14.8
	1.5

	64QAM
	8
	8
	11.3
	3.0

	256QAM
	3.5
	8
	8.7
	7.9



An EVM contribution this great would likely render the 256QAM modulation unusable (as the lower modulation order would give better throughput with the same SNR degradation).
The older UTRA repeater specification has an EVM requirement of 12.5% which is the same as the 16QAM requirement and the E-UTRA has 8% requirement consistent with 64QAM, both of these were the highest modulation orders when the specification was derived, as such a 3dB degradation in the repeater due to EVM was the target. The NR EVM should therefore be <3.5%.
Observation 2: NR EVM target <3.5%  
2.3	TDD repeaters
The WF raised the following issues:
· Candidate TDD specific requirements for further discussion:  
· time accuracy
· TDD switching
· REFSENSE
· transmit off requirements
· transient period requirements
TDD switching a time accuracy is discussed in another paper. However the OFF requirements are somewhat clear.
The major design target for an RF repeater is to prevent the system oscillating, the system maximum gain therefore must be lower than the isolation between the Tx and the Rx antennas.
[image: ]
As such the repeater is never really in in OFF mode, just swapping between directions. In TDD mode each antenna is used for both Tx and Rx, when gain is being used in one direction then the OFF gain in the other direction must be attenuate as much otherwise the system will oscillate. As not oscillating is a basic function it is perhaps not necessary to specify an OFF gain level.
The TDD switching should therefore be defined as the time takes on direction to be on compared to the other direction (without oscillating)
2.4	FR1 maximum output power
The existing repeater specifications do not have a maximum output power requirement but they do assume a maximum output power of approx. 30dBm in the derivation of the requirements. As previously discussed as the repeater is essentially a gain device, increasing the output power (without increasing the gain) would mean it was feasible to put the repeater closer to the BS, however this is not really the optimum location for a repeater as close to the BS the UEs can communicate on their own. Also the interference and blocking levels from the BS would be greater. The current assumption of 30dBm and 75dBc gain puts the optimum maximum input level at approx. -45dBm which is in line with existing receiver requirements.
The correct balance for the optimum about power in the DL therefore seems to be about 30dBm
In the UL 30dBm max power offers a similar imbalance which currently exists between a BS and a high power UE, so whilst not balanced with eth DL is comparable. If the UL max power were higher then the potential blocking interference from the repeater to other BS would need to be investigated. Co-sighted BS with the one the repeater is linked with would be particularly at risk as the repeater will be pointing maximum gain at that location. The wanted link will be power controlled by the UE (as the repeater has fixed gain) so if the repeater had output power greater than that of a normal UE there might not be sufficient gain control range. 
Observation 3: The current repeater output power assumption of 30dBm seems appropriate for both DL and UL. 
The current specification does not specify a hard limit for the repeater output power (local regulations may have additional EIRP safety limits based on deployment?). It is not clear why it was not deemed necessary, however as there is a risk of interference with other networks it should be considered.
2.5	AGC
The WF raised the issue:
· ALC and AGC play the same role. They are only the different names to regulate repeater’s auto gain control capability  
· ALC/AGC capability should be maintained
· FFS on whether dedicated requirements is needed for ALC/AGC
· FFS on whether AGC would not interfere with the network power control 
· FFS on the detailed AGC mechanism
The AGC/ALC is necessary to ensure deployments can be tuned for their environment and antenna set up. The requirement of “not oscillating” is sufficient however to ensure this, set up and installation methods do not need to be part of the RF specification.
Observation 4: AGC/ALS is part of installation and does not need to be specified.
3	Summary
In this paper some of the RF issues raised in the WF [1] were discussed and the following observations made:
Observation 1:	Classes are not required for repeaters
Observation 2: NR EVM target <3.5%  
Observation 3: The current repeater output power assumption of 30dBm seems appropriate for both DL and UL. 
Observation 4: AGC/ALS is part of installation and does not need to be specified.
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