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1. Introduction
In last RAN4 #99 e-meeting, a new WF on NR repeaters RF requirement [1] is approved. Although there are many FFS in the WF, it is only used to show the principle and help to direct the following discussion. Some remaining issues for EVM requirements are listed as below:
· EVM may be declared, or declared from a set of limits or have a single limit. 
· If there would be a set of limits, the set EVM limits are the same for DL and UL (except for low EVM levels associated with 256QAM). 
· Whether the same declaration would be made for DL and UL is FFS. 
· Whether EVM is directly associated to modulation orders is FFS. 
· 256 QAM needs further discussion.
In this contribution, we focus on EVM, ACRR and out of band gain requirements for FR1 and FR2 NR repeater. 
2. Discussion
2.1 EVM for FR1 and FR2
Repeater doesn’t re-generate new signal instead it only amplifies and forward received signal. Therefore, repeater doesn’t know the practical signal modulation scheme. The most safety way is to require repeater to support all modulation schemes. In last meeting, some companies suggest EVM limits should be based on declaration. We’re a little confused about the motivation of EVM declaration since EVM is very important signal quality requirements and no basic limits means gNB/UE received signal may be severely distorted.
Proposal 1: EVM basic limits should be defined to avoid severe distortion of received signal.
When repeater is deployed in network the whole link EVM is equal to following formula. If we assume 8% (-22dB SNR) EVM is finally defined in NR repeater spec for 64QAM, the whole link EVM equals to 11% (-19dB SNR), introducing extra 3dB noise in transmit signal, which is not what we want. Therefore, more stringent EVM requirement is suggested for NR repeater compared with NR spec.

Observation 1: more stringent EVM requirements is suggested for NR repeater to reduce noise.
The main reasons for NR transmitter signal error include signal distortion produced by digital clipping algorithm in digital domain, signal distortion created at transceiver, signal distortion created at PA and the in-band non-flatness created by filter. Among all above five factors PA distortion is dominant. 
In previous E-UTRA or UTRA spec, repeater is assumed as bi-directional amplifier to amplify RF signals without any digital signal processing. This high-gain “amplifier” generates extra distortion and lead to signal error. But for NR repeater, some vendors convert received RF analogy signal into digital signal to help apply digital interference cancellation algorithm, which could help reduce signal error compared with LTE repeater spec. 
Besides, considering repeater don’t apply digital clipping algorithm in digital domain, the vector error would be less compared with NR spec. 
Observation 2: vector error created by NR repeater could be less than E-UTRA repeater spec and NR BS spec.
In last meeting, 6% EVM is suggested for NR repeater, corresponding to 10% whole link EVM. If repeater EVM is reduced to 5% then whole link EVM reduces to 9% and when 4% EVM is assumed for repeater then 8.9% whole link EVM is obtained. All of above analysis assume 64QAM for wanted signal for both FR1 and FR2.
Proposal 2: to reduce whole link EVM, [5%-6%] EVM is suggested for 64QAM or other lower order modulation scheme for FR1 and FR2
256 QAM is also the major modulation scheme to enhance capacity for FR1, which will also be used in NR repeater network. In our realistic field testing, 256QAM signal would also be amplified by repeater in high-speed train scenario. For fixed repeater, 256 QAM signal may be transmitted by repeater. For example, in basement scenario where gNB is just located very near to the basement on the ground to coverage basement, the received signal would be very weak for UE in the basement under the ground. If repeater is located on the ground for basement coverage then the received signal for UE in basement could be large enough for 256 QAM. 
Observation 3: 256 QAM is also the important modulation scheme in network when repeater is deployed. 
Same as 64 QAM, more stringent EVM is required for repeater to reduce extra interference to wanted signal.
Proposal 3: 256 QAM is also suggested for repeater EVM with more stringent limit than 3.5% to reduce extra interference to wanted signal for FR1 and FR2 DL.
2.2 ACRR for FR1 and FR2
It was approved during last two meetings that ACRR requirements should be defined for NR repeater and the details are FFS. 
TR 25.956 listed ACRR system analysis methodology for UTRA repeater which is also referred by E-UTRA ACRR spec. Now for NR repeater, this methodology still applies for and could be taken as the baseline for NR ACRR requirements analysis. We list the main differences between UTRA and NR system when analyze ACRR requirements.
· Factor 1: Whether to include repeater’s ACLR requirements into the analysis of NR ACRR since NR may define ACLR requirements while UTRA spec doesn’t
· Factor 2: The effect of larger bandwidth of NR
· Factor 3: The interference source assumption for ACRR requirements
· Option 1: nearby interferer source closer to the repeater than donor BS. 
· Option 2: interferer source with the same power and same distance as donor BS.
· Factor 4: the difference between simulation assumptions
Observation 4: when define FR1 NR ACRR, above four factors should be considered.
For the first issue, in both UTRA or E-UTRA repeater spec no ACLR requirement is specified nor considered during the interference analysis when define ACRR requirements. However for NR repeater it is approved in last meeting to define ACLR or equivalent requirements for both FR1 DL and UL. Adjacent channel emission of ACLR caused by repeater’s RF device characteristics would contribute to even severe interference to operator’s network besides interference amplified by repeater’s adjacent channel gain calculated by ACRR. 
If we assume repeater’s maximum DL output power is 33dBm with 45 dB ACLR requirements then adjacent channel emission is almost -82dBm received by UE with 70dB coupling loss between repeater and UE. And the adjacent channel interference caused by ACRR is calculated below:
Table 1: Assumed values for the outdoor scenario
	Parameter
	Value

	BS output power
	43 dBm

	Coupling loss BS-Repeater (CL1)
	100 dB

	Repeater gain
	70 dB

	Adjacent channel gain
	37dB=70-33dB ACRR

	Repeater noise figure
	5 dB

	Coupling loss Repeater-MS (CL2)
	40 dB



Table 2: Analysis of the down-link for the outdoor scenario
	Downlink
	
	TX interferencepower
	
	
	
	RX interference at adjacent channel
	Comment

	Max P BS
	
	+43dBm
	-57dBm
	+37dB
	-20dBm
	-90dBm
	Less than emission introduced by ACLR



Observation 5: interference introduced by ACLR requirements is even severe (8dB) compared with interference amplified by repeater adjacent channel gain according to ACRR requirements.
For factor 2 the effect of larger bandwidth of NR, if we assume the interference signal has the same bandwidth with passband bandwidth then the effect of larger bandwidth could be negligible.
For factor 3, the local around RF sources (Repeaters and Base stations) are the main interference source. Simulation results in TR 25.956 show both DL and UL interference are similar for different distance between aggressor and victim network even when consider coordinated and un-coordinated network deployment. It is assumed this same principle also applies when the aggressor is repeaters because aggressor repeaters almost play the same role as aggressor gNB.
Observation 6: simulations results show the location of aggressor gNB almost doesn’t impact final interference level.
Proposal 4: interferer source is assumed with the same power and same distance as donor BS when define ACRR requirements.
For factor 4, the simulation parameter difference between assumptions in TR25.956 and NR assumption are listed as below to help analyze whether the same simulation results still apply or not. It is noted the aggressor NR network and victim NR network have the same parameters.
Table 3 simulation parameters for ACRR
	
	Simulation assumption in TR 25.956
	Simulation assumption for NR
	Comment: the difference between assumption in 25.856 and for NR

	UE maximum output power
	21dBm
	31dBm,29dBm, 26dBm, 23dBm
	different

	BS maximum output power
	43dBm
	43dBm
	The same

	Repeater maximum DL output power
	33dBm
	33dBm
	The same

	Repeater maximum UL output power
	20dBm
	20dBm
	The same

	UL target SNR
	6.1dB after processing gain
	
	Could be assumed to be similar 

	DL target SNR
	7.9 dB after processing gain
	
	Could be assumed to be similar

	UE ACLR
	33dB
	37, 31, or 30dB for different power class
	different

	UE ACE
	33dB
	33dB
	The same

	BS ACS
	45dB
	45dB
	The same

	BS ACLR
	45dB
	45dB
	The same

	BS NF
	5dB
	5dB
	The same

	Repeater NF
	5dB
	5dB
	The same

	Thermal noise
	-174dBm/Hz
	-174dBm/Hz
	The same

	UE antenna gain
	0dBi
	0dBi
	The same

	gNB antenna gain
	16.6dBi with 65 degree
	
	Could be assumed to be similar 

	Repeater service antenna gain
	16.6dBi with 65 degree
	
	Could be assumed to be similar 

	Repeater donor antenna gain
	20dBi with 33 degree
	
	Could be assumed to be similar 

	Noise margin
	10dB
	10dB
	The same

	Repeater amplification gain
	Set using a noise margin, i.e. related to the Cl between donor BS and repeater donor port
	Set using a noise margin, i.e. related to the Cl between donor BS and repeater donor port
	The same

	The location of repeater
	577m away from donor BS, i.e. cell border with 1000m ISD assumption. The distance between repeater s and victim base station is 288m and 764m respectively
	577m away from donor BS. The distance between repeater s and victim base station is 288m and 764m respectively
	For lower carrier frequency, the same location still applies for.

	Propagation model
	Free space model with 70dB MCL for macro cell
	Free space model with 70dB MCL for macro cell
	The same


 From above assumption, the main difference between NR and 25.956 simulation parameter comes from UL, i.e. UE output power and ACLR. However the simulation results in TR 25.956 show DL is main determined interference.
Observation 7: key simulation parameters are almost the same for UTRA and NR spec when define ACRR requirements.
Proposal 5: if we don’t consider repeater’s ACLR requirements during the analysis of ACRR then the same ACRR requirements as E-UTRA spec could still aplly for NR FR1, i.e. 33dBm for output power larger than 31dBm and 20dB for less output power. Otherwise, ACRR should be more stringent considering ACLR interference is relatively large and negligible.
Proposal 6: for FR2, new simulation is required to define ACRR requirements and we should at first define simulation parameters values and the key parameters are listed as in table 3.
2.3 out of band gain for FR1 and FR2
The agreements for out of band gain are listed as below: take E-UTRA repeater spec as the baseline and baseline here means that we need to double check that the levels are robust enough considering following aspects and tighten the levels if needed. And For co-location out of band gain requirements, manufacturer shall declare the operating bands with which co-location is possible.
· Aspect 1: Amplification of unwanted emissions from co-located equipment outside of the passband
· Aspect 2: Amplification and distortion of other operators’ carriers just outside of the passband
· Aspect 3: Amplification of unwanted emissions from other equipment inside of the passband
· Aspect 4: The impact of amplifying other operators’ carriers if they are inside the passband
The out of band gain basic limits for UTRA and E-UTRA are the same. It seems both of them are calculated based on ACRR requirements which is derived from simulation results in TR 25.956. The ACRR definition used in these simulations is the integrated power amplification over the adjacent channel. This definition differs from the out of band gain requirement. Out of band gain requirement use a narrower measurement bandwidth and peak gain is limited by a mask. Sample measurements indicate that there is a difference of approximately 10 dB between the peak gain due to side band ripple and the integrated power amplification.
Observation 8: ACRR and out of band gain requirements are both used to regulate gain outside passband and out of band gain is calculated based on ACRR simulation results. ACRR is for integrated power amplification over the whole adjacent channel while out of band gain is to define peak gain limited by a mask where a narrower measurement bandwidth is used.
Following aspects are considered during the calculation of interference mechanism for DL in E-UTRA repeater’s spec, which focus on the scenario that operator A deploy repeater A at its’ cell edge to enhance coverage for BS A and operator B deploy BS B over the adjacent channel of network A. The ACRR simulations consider the interference from network A to network B and vice versa. 
[image: ]
Fig 1 Schematic diagram of interference from network A to network B
Table 4: interference mechanism from network A with repeater to network B
	Own cell interference (using orthogonality factor)
	

	Own interference from other cells
	

	Signals from A BS affecting the UE ACS (direct path and via repeaters)
	Aspect 4: The impact of amplifying other operators’ carriers if they are inside the passband

	ACLR from A BS reaching the UE (direct path and via repeater adjacent channel gain)
	Aspect 1: Amplification of unwanted emissions(ACLR) from co-located equipment outside of the passband

	BS A adjacent channel noise reaching the UE (direct path and via repeater adjacent channel gain)
	Aspect 1: Amplification of unwanted emissions (integrated spurious emission over a channel BW) from co-located equipment outside of the passband

	Noise generated by the repeaters (NF)
	

	The own BS signals amplified (and distorted) by the repeater adjacent channel gain)
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Fig 2 Schematic diagram of interference from network B to network A
Table 5: interference mechanism from network B without repeater to network A with repeater
	Own cell interference (using orthogonality factor)
	

	Own interference from other cells
	

	Signals from B BS affecting the UE ACS (direct path and via repeaters adjacent channel gain)
	Aspect 2: Amplification and distortion of other operators’ carriers just outside of the passband

	ACLR from B BS reaching the UE (direct path and via repeaters)
	Aspect 3: Amplification of unwanted emissions from other equipment inside of the passband

	BS B adjacent channel noise reaching the UE (direct path and via repeaters)
	Aspect 3: Amplification of unwanted emissions from other equipment inside of the passband

	Noise generated by the repeaters (NF)
	



Based on above table, it could be noted that all the four aspects have been considered during the simulation of ACRR which is the baseline for out of band gain analysis.
Proposal 7: if the same ACRR basic limit as E-UTRA spec still apply for NR FR1 spec, the same out of band gain basic limits mask as E-UTRA spec still apply for NR spec with some modification of frequency offset.
Proposal 8: out of band gain for FR2 should be based on ACRR simulation results.
3. Conclusions
In this contribution, signal quality related requirements for repeater are discussed with following observation and proposals:
Proposal 1: EVM basic limits should be defined to avoid severe distortion of received signal
Proposal 2: to reduce whole link EVM, [5%-6%] EVM is suggested for 64QAM or other lower order modulation scheme for FR1 and FR2
Proposal 3: 256 QAM is also suggested for repeater EVM with more stringent limit than 3.5% to reduce extra interference to wanted signal for FR1 and FR2 DL.
Proposal 4: interferer source is assumed with the same power and same distance as donor BS when define ACRR requirements for FR1.
Proposal 5: if we don’t consider repeater’s ACLR requirements during the analysis of ACRR then the same ACRR requirements as E-UTRA spec could still aplly for FR1, i.e. 33dBm for output power larger than 31dBm and 20dB for less output power. Otherwise, ACRR should be more stringent considering ACLR interference is relatively large and negligible.
Proposal 6: for FR2, new simulation is required to define ACRR requirements and we should at first define simulation parameters values and the key parameters are listed as in table 3.
Proposal 7: if the same ACRR basic limit as E-UTRA spec still apply for NR FR1 spec, the same out of band gain basic limits mask as E-UTRA spec still apply for NR FR1 spec with some modification of frequency offset.
Proposal 8: out of band gain for FR2 should be based on ACRR simulation results.
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