
[bookmark: page1]3GPP TSG-RAN WG4 Meeting # 101-e	R4-2118746
Electronic meeting, 01 – 12 November 2021


Source:	Nokia, Nokia Shanghai Bell
Title:	Radiated power related requirements consideration for NR-Repeaters
Agenda item:	8.5.3.1
Document for:	Approval

1. Introduction
In case of radiated output power related requirements, the following WF was agreed [1]: 
	· For FR2 downlink:
· Agree Option 1 as the baseline. That is introduce WA, MR, and LA classes. 
· Further check whether there is a difference among the classes from RF requirements aspect. 
· Radiated DL transmission for WA class has no upper power limit.
· Radiated DL transmission for MR, LA class has no upper power limit.
· For FR2 uplink:
· Introduce two classes, one with power limitation and another one without power limitation. These can be checked whether there are differences among classes from requirement aspect.
· Further discuss the power limitation value for the class with power limitation:
· Option 1: EIRP and TRP specified for PC1 in UE specification 101-2.
· Other options not excluded
· ALC/AGC:
· The ALC is implicit in the output power requirements and test. The output power (and hence ALC) is tested at multiple input levels, 
· The input levels for the output power (ALC) requirement are: 
· 2 input levels, 1 which achieves maximum output power and one 10dB higher (same as existing repeaters)
· More power levels? 
· FFS whether other aspects such as EVM, ACLR, OBUE in 1st MHz should be tested with higher output power. Conclusion should be aligned to FR1.




In the WF, no power limits have been agreed for the DL. In case of UL, two classes with and without power limits are agreed. In this contribution, we provide our views on the above mentioned WF items.   
2. Discussion
For FR1, the following DL classes have been agreed in the WF and the UL classes are proposed [2]:
Table 1: Agreed classes for DL (access) and proposed classes for UL (backhaul) for FR2
	Frequency range
	Access link (DL)
	Backhaul link (UL)

	FR2
	 WA, MR, LA
	WA, LA



For NR repeaters, it is meaningful to consider the deployment scenarios while deciding the power limits for different classes. Furthermore, we need to consider separate power limits for the classes agreed for the DL and UL. 
In the WF for FR2 DL, three classes are proposed, and it is suggested to check whether the classes can be merged if there are no differences in the RF requirements. We have noted that in [2], the classes cannot be merged as some of the RF requirements are not the same for all the classes (e.g., ACLR requirements). Thus, we have proposed to use three classes, WA, MR, and LA for FR2 DL.
There is no upper limit for the rated carrier TRP output power of BS type 2-O. This is due to the expectation that co-existence between MR and LA BS with a WA network will not be compromised by output power due to beamforming and greater pathloss [3].
[bookmark: _Ref85115053][bookmark: _Ref85525251]Observation 1: There is no upper limit for the rated carrier TRP output power of BS and IAB (for both DU and MT) type 2-O [4], [5].
Hence, in case of DL the exact power limits for the selected classes cannot be defined based on the IAB and BS specifications. Thus, in the WF it has been agreed to not to have upper limits for the power for WA, MR, and LA classes. However, unlike in IAB, self-oscillation can cause significant performance degradation for the repeaters. That is, without having upper limits for power, the feedback signal strength could be stronger (compared to the case with power limits). However, we believe such issues could be eliminated by following suitable implementation options. 
In case of FR2 UL, we have proposed to use WA and LA classes [2]. Note that there is no MR class defined for IAB-MT. In WF it is agreed that for UL, one of the agreed classes may be with power limits and the other without power limits. For UL, it is meaningful to introduce power limits to the LA class, because it would help to reduce the interference generated by unplanned repeater deployments. To define the exact power limits, one of the proposed options in WF is to use EIRP and TRP specified for PC1 in the FR2 UE specification [4]. But other options are not excluded. 
As noted in Observation 1, there is no upper limit for Type 2-O IAB-MT. Hence, we cannot set power limits for repeater UL based on the IAB or BS specifications.  
[bookmark: _Ref85525256]Observation 2: FR2 UL power limits may not be able to define based on the IAB-MT type 2-O limits, as there is no upper limit for the rated carrier TRP output power of Type 2-O IAB-MT.
As a starting point, we agree with the WF that UE power classes could be used for the UL case. There could be different repeater deployment scenarios (which are not been fully identified), the UL transmission requirements could be different. As suggested in WF, the selected power class (i.e., PC1) may be the best option among all the other power classes, as it sets the maximum upper limit that could be used in any possible deployment scenario of the repeaters. Thus, via network planning, the operator has the possibility to choose the appropriate power limit that suits the repeater deployment. As a summary, we have extracted the max TRP, and max EIRP values for the operating band n257 to observe the power levels in each power class. 
[bookmark: _Ref85525259]Observation 3: PC1 power class sets an upper limit for NR repeater FR2 UL, compared to the other available power classes. 
[bookmark: _Hlk85804013]Table 2: EIRP and TRP values of operating band n257 for different power classes
	Power class
	Operating band n257

	
	Max TRP (dBm)
	Max EIRP (dBm)

	1
	35
	55

	2
	23
	43

	3
	23
	43

	4
	23
	43



Similar observations can be made of other defined operating bands. However, operating band n259 is not defined for PC1. 
Note that if the RF requirements of the WA and LA classes of IAB-MT are proposed to be used as the baseline for NR repeater WA and LA classes. It would be good to further investigate whether some of the RF requirements (e.g., ACLR) could be relaxed for the NR repeaters, as the PC1 power limits are proposed for repeaters. 
[bookmark: _Ref85525325]Proposal 1: As PC1 power levels are proposed for NR repeaters, it may be good to investigate whether some of the RF requirements could be relaxed than directly using the BS/IAB values (e.g., ACLR). 
Regarding ALC/AGC testing, the current test procedure identifies the input signal level (e.g., X dB) that achieves the manufacturer specified maximum output power at the maximum gain. Then, this identified input signal level is increased by 10 dB (i.e., X + 10 dB), and check the output power level again [7]. By following the test procedure, it can be checked whether the ALC/AGC is working properly to produce the repeater output power level within the agreed limits. As we understand, the deciding factor for this test is the increment of the input signal level (i.e., 10 dB), but not how many levels we use for testing withing 10 dB range. If all the intermediate levels are defined within the 10 dB range, the final result of the test would not be affected. Thus, we believe rather than discussing how many intermediate levels would be needed, it would be confirm the 10dB value agreed for LTE FDD repeaters is still valid for the NR repeaters. 
[bookmark: _Ref67500682][bookmark: _Ref71622812]Observation 4: The number of input signal levels is not impacting the final outcome of the test, as the largest applied power level will provide the most stringent test conditions.
[bookmark: _Ref71376149]It is necessary to test also emissions and signal quality to confirm that the repeater is operating as intended with presence of high power input signal.
Proposal 2: EVM, OBUE and ACLR should be also verified with 10 dB higher input power then the power level resulting in maximum output power.
3. Conclusion
In this contribution, we further discuss radiated transmit power related requirements for NR repeaters. We have specifically focused on DL (backhaul) TRP/EIRP requirements and UL (backhaul) maximum output power related issues. We have made following observations and proposals:
Observation 1: There is no upper limit for the rated carrier TRP output power of BS and IAB (for both DU and MT) type 2-O [4], [5].
Observation 2: FR2 UL power limits may not be able to define based on the IAB-MT type 2-O limits, as there is no upper limit for the rated carrier TRP output power of Type 2-O IAB-MT.
Observation 3: PC1 power class sets an upper limit for NR repeater FR2 UL, compared to the other available power classes.
Table 2: EIRP and TRP values of operating band n257 for different power classes
	Power class
	Operating band n257

	
	Max TRP (dBm)
	Max EIRP (dBm)

	1
	35
	55

	2
	23
	43

	3
	23
	43

	4
	23
	43



Proposal 1: As PC1 power levels are proposed for NR repeaters, it may be good to investigate whether some of the RF requirements could be relaxed than directly using the BS/IAB values (e.g., ACLR).
Observation 4: The number of input signal levels is not impacting the final outcome of the ALC test, as the largest applied power level will provide the most stringent test conditions.
Proposal 2: EVM, OBUE and ACLR should be also verified with 10 dB higher input power then the power level resulting in maximum output power.
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