
[bookmark: page1]3GPP TSG-RAN WG4 Meeting # 100-e	R4- 2113674
Electronic meeting, 16 – 27 August 2021

Source:	Nokia, Nokia Shanghai Bell
Title:	Signal quality and OOB gain considerations for FR2 NR Repeaters
Agenda item:	9.5.3.3
Document for:	Approval
1. Introduction
In RAN4#98-bis-e a WF in [1] was agreed with following content on EVM requirements:FFS on FR2 EVM definition, taking following aspects into consideration
whether explicitly define EVM limits or based on repeater manufacture’s declaration. 
which modulation up to 256QAM(DL) and 64QAM(UL) is feasible
whether to differentiate different modulation scheme for DL and UL respectively
only one EVM level or more than one level. If multiple EVM levels are agreed, the modulation schemes are based on repeater manufacture’s declaration or not?
whether to define more stringent requirements than current spec or not


In RAN4#99-e following agreements were reached [2]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.



Regarding out-of-band gain RAN4#99-e agreed that [3]


In this contribution, we provide our view on signal quality requirements and out-of-band gain requirements for FR2 NR repeaters. It is suggested to consider following factors when defining out of band gain:
- Signal from the donor node
- The unwanted signals from other nodes or systems 
- The wanted signals from other nodes or systems.

2. Discussion
2.1 EVM requirements
EVM requirements are necessary to be specified to have guarantee on how greatly introducing a repeater into to signal path will impact on total signal quality. We see that the EVM levels should re-use the levels specified for NR gNBs and UEs, as illustrated in Table 1. Considering for example downlink operation, if both repeater and gNB are operating just at the borderline of the maximum allowed EVM, the composite impact will mean that signal quality after the repeater will be 3dB worse than at the output if the gNB. This will have negative throughput impact, but the impact will be minor. The gNB will get channel quality feedback from the UE, and be able to use correct MCS. 
While the repeater may not be at all aware of what modulation order is used in the signals being repeated, having the EVM requirements associated with modulation schemes brings the most clarity to the requirements. It can be immediately seen from the requirements how the EVM-% relates to performance expectations.
Table 1: NR EVM requirements 
	Modulation scheme
	Required EVM

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %



Proposal 1: EVM requirements shall use the same EVM-% linked together with modulation schemes as specified for gNBs and UEs.
We also see that there may be some deployments, for example deployments aiming at maximal coverage extension, where 256QAM modulation is not practical already from SNR perspective. Therefore, it would not be reasonable to require all repeaters to meet such a stringent EVM limit. Rather, we see there could be different categories of products, and repeater manufacturer could declare the maximum modulation order.
Proposal 2: More than one EVM-% needs to be specified and the maximum supported modulation order shall be declared by the repeater manufacturer.
As maximum supported modulation order differs for UL and DL in FR2, it is necessary to be able to declare the maximum supported modulation order separately and independently for UL and DL. At the same time, this enables more variety for products to target different use cases.
Proposal 3: Maximum supported modulation order is declared separately and independently for UL and DL.
2.2 OOB gain requirements
The intention of out-of-band gain requirements is to ensure that when repeater amplifies also (some of) unwanted signals outside of the desired frequency range to be repeated, the total emissions of the system do not still stay in control and co-existence conditions do not worse for system operating in adjacent frequencies. For example, if there is 60 dB pathloss including antenna gains between the gNB and repeater, the repeater can amplify the unwanted emissions of the gNB by 60 dB and the resulting emission level at repeater output is the same as at the gNB output. This examples assumes that repeater does not add any emissions in the system, which is of course not realistic.
To have an understanding on how much gain on out-of-band frequency could be allowed, some examples of path losses with different channel models and distances were calculated. These are included in table 1 to table 4. A comparison of the pathloss models at 26 GHz frequency is shown in Figure 1. Path loss models were taken from TR 38.901 [4].
Table 1: Free space path loss
	Frequency [GHz]
	
	26
	39
	47

	Distance [m]
	2
	66.8
	70.3
	71.9

	
	10
	80.7
	84.3
	85.9

	
	50
	94.7
	98.2
	99.9

	
	100
	100.7
	104.3
	105.9

	
	200
	106.8
	110.3
	111.9





Table 2: Urban Macro LOS
	Frequency [GHz]
	
	26
	39
	47

	2-D distance [m]
	10
	87.3
	90.8
	92.4

	
	50
	94.6
	98.2
	99.8

	
	100
	100.6
	104.1
	105.7

	
	200
	107.0
	110.5
	112.1



Table 3: Urban Macro NLOS
	Frequency [GHz]
	
	26
	39
	47

	2-D distance (m)
	10
	96.8
	100.4
	102.0

	
	50
	109.9
	113.5
	115.1

	
	100
	120.5
	124.0
	125.6

	
	200
	131.9
	135.4
	137.0



Table 4: Urban Micro LOS (street canyon)
	Frequency [GHz]
	
	26
	39
	47

	2-D distance (m)
	10
	84.2
	87.7
	89.3

	
	50
	96.5
	100.0
	101.7

	
	100
	102.7
	106.3
	107.9

	
	200
	109.0
	112.6
	114.2




Figure 1: Comparison of path loss models at 26 GHz.
It can be observed that when antenna gains are not taken into account, the path loss at 10m distance varies from 81 to 97 dB depending on propagation model and at 50m distance reaches up to 110 dB. The difficulty to move from these values towards to requirements is that due to varying antenna configurations beam directions the realized total path loss can vary greatly. 
As an example, let’s take 8x8 antenna array with 5 dBi antenna element gain, resulting in 23 dBi antenna array gain. In case gNB and repeater both have the same antenna configuration the path loss is reduced by 46 dB. This would result in allowed out-of-band gain being somewhere between 35 to 51 dB if the path loss figures from 10 m distance are used. Some additional margin may also need to be reserved to take into account the emissions generated by the repeater itself.
In some other time instants when the beams are not pointing towards each other, the total antenna gains may reduce down even down to zero. However, as the system should be budgeted to work even in worst case scenarios, full antenna gain can be assumed in the derivation of the requirement. As strongest signal most likely is coming from the Donor, 10m distance is likely too short to be used. It can however be also noted that unwanted nodes can be closer, but according the path loss figures 50 m free space path loss is rather close to 50m urban macro NLOS channel, so it may not be a huge issue.
Observation 1: Reasonable selection for separation distance and antenna configurations needs to be done when deriving the OOB gain requirement.
Observation 2: 50 m free space path loss is extremely close to 10 m NLOS channel path loss.
Proposal 4: Take full antenna gain into account when deriving OOB gain requirement.
As filtering possibilities are limited in FR2, attention needs to be put on at which frequency offsets the OOB gain is made more stringent. In LTE FDD repeater specification, the OOB gain requirement gets more stringent at very small frequency offsets as seen in Table 5.
Table 5: Out of band gain limits 1 extracted from TS 36.106
	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 5,0 MHz
	45 dB

	5,0  f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz  f_offset_CW
	35 dB



The behavior in table 5 reflects well the filter performance in FDD bands, but in FR2 out-of-band emissions for gNBs the boundary between out-of-band and spurious emissions is set only at 1.5 GHz offset from the operating band edge. This indicates that the emissions from a typical FR2 transmitter may not necessarily taper down at small frequency offsets.
Proposal 5: Sufficiently large frequency offsets need to be set before tightening of the OOB gain requirement in FR2.
3. Conclusion
In this contribution, we have discussed EVM requirements for FR2 NR repeaters. We have made following observations and proposals:
Proposal 1: EVM requirements shall use the same EVM-% linked together with modulation schemes as specified for gNBs and UEs.
Proposal 2: More than one EVM-% needs to be specified and the maximum supported modulation order shall be declared by the repeater manufacturer.
Proposal 3: Maximum supported modulation order is declared separately and independently for UL and DL.
Observation 1: Reasonable selection for separation distance and antenna configurations needs to be done when deriving the OOB gain requirement.
Observation 2: 50 m free space path loss is extremely close to 10 m NLOS channel path loss.
Proposal 4: Take full antenna gain into account when deriving OOB gain requirement.
Proposal 5: Sufficiently large frequency offsets need to be set before tightening of the OOB gain requirement in FR2.
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