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1. Introduction
The class and type for repeaters were discussed for several meeting, some preliminary agreements were reached. This contribution provides our views on the details of the preliminary agreements.
2. Discussion
2.1 Repeater class
The last meeting’s status is in the WF[1]. The status and the analysis are provided in the following sections. Classes are defined to differentiate requirements. According to current possible defined requirements for repeater, the output power and emission requirements may need to be differentiated for FR1. FR2 may be a little different that only the TRP is different for the BS classes.
When the repeater class is discussed, there’re two issues that the definition and the power level. The definition is discussed in 2.1.4 and the power levels are discussed in 2.1.1~2.1.2.
2.1.1 FR1 DL output power level
The last meeting’s status is that at least 2 classes as the baseline, FFS of other classes need to be defined. In the previous meetings, our consideration is that power levels of LA and MR classes are needed, WA may need more thinking on the scenarios. After more analysis, we think it may be better that the standard leaves more flexibility for the deployment and implementation. There’re some 43 dBm LTE repeaters in the market and some scenarios like long tunnel, rural area may need high power repeaters. So the power up to WA BS class can be considered to be defined. There was a proposal that home class should be defined. The issue for home class is that there’s no NR BS home class defined yet. But if the requirements of LTE BS home class can be reused by NR BS home class, the proposal can be considered. So for FR1 DL class, the following is proposed. 
Proposal 1: The FR1 DL output power levels corresponding to NR BS WA, MR and LA can be defined. The home class can also be considered if the requirements can be discussed and concluded.
2.1.2 FR1 UL output power level
For FR1 UL power level, the smaller power level compared with DL may be sufficient. There’re several reasons behind that expectation. First, in order to have DL/UL balance, the UL gains for DL/UL are usually similar. The received UL signal from UE is relatively weaker than DL received signal from donor BS thus the UL power is not expected to be as large as DL. Second, repeaters only forward the signal, the UE number in repeater’s coverage is only small amount of what is in the donor BS’s service thus the total output power from repeater is not expected to be very large. Based on the two reasons, FR1 UL output power level up to MR range may be ok. The UL output power level of home BS class may not be needed because the UL coverage to donor BS needs to be guaranteed and the donor BS may not be in the home area.
Proposal 2: FR1 UL output power levels corresponding to NR BS MR and LA can be defined.
2.1.3 FR2 DL and UL
In last RAN4 meeting, the followings are agreements,
For FR2 DL,
· If no requirement differentiation between scenarios, no need for FR2 downlink scenarios/classes.
For FR2 UL
· Introduce two classes, one class with maximum power limited by PC1 and the other without power limit.
The requirements definition for FR2 UL and DL may be similar considering repeater is a network node. So for UL, even there’s two classes defined, there’s no differentiate requirements for the two classed. Therefore we slightly think the DL and UL can use the same approach that no class is defined. So it seems there’s no value to define two classes for FR2 UL.
Proposal 3: Revisit the last meeting’s agreement for FR2 UL class and agree that no class is defined for both FR2 DL and UL.
2.1.4 Class definition proposal
When the output power levels are fixed, the definition of the class can be discussed and decided. 
2.1.4.1 Existing classes’ definition
The followings are the several current class definitions for reference.
· NR BS
NR BS classes are defined according to the deployment scenarios and the requirements are defined differently for the classes.
---------------------------------------
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.
For BS type 1-C and 1-H, 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 coupling loss equal to 70 dB.
-	Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum coupling loss equals to 53 dB.
-	Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum coupling loss equal to 45 dB.
-------------------------------------------

· IAB
------------------------------------------
For IAB type 1-O and 2-O, IAB-DU classes are defined as indicated below:
-	Wide Area IAB-DU 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 IAB-DU 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 IAB-DU are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.
For IAB type 1-H, IAB-DU classes are defined as indicated below:
-	Wide Area IAB-DU are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum coupling loss equal to 70 dB.
-	Medium Range IAB-DU are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum coupling loss equals to 53 dB.
-	Local Area IAB-DU are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum coupling loss equal to 45 dB.
For IAB type 1-H, 1-O, and 2-O, IAB-MT classes are defined as indicated below:
-	Wide Area IAB-MT are characterised by requirements derived from Macro Cell and/or Micro Cell scenarios.
-	Local Area IAB-MT are characterised by requirements derived from Pico Cell and /or Micro Cell scenarios.
---------------------------------------
IAB-DU approach follows BS, IAB-MT classes definition is more general and the requirements are also defined according to the classes. The following is an example.
Table 6.6.3.2-2: IAB-DU type 1-H and IAB-MT type 1-H ACLR absolute basic limit
	IAB-DU and IAB-MT category / class
	ACLR absolute basic limit

	Category A Wide Area IAB-DU and Category A Wide Area IAB-MT
	-13 dBm/MHz

	Category B Wide Area IAB-DU and Category B Wide Area IAB-MT
	-15 dBm/MHz

	Medium Range IAB-DU
	-25 dBm/MHz

	Local Area IAB-DU and 
Local Area IAB-MT
	-32 dBm/MHz



· LTE relay
-------------------------------------------------
The Relay classes are defined based on the RF scenarios expected for the Relay access deployment, defined in terms of the Minimum Coupling Loss (MCL) between Relay and UE. The following definitions are used:
-	High-CL Relay are characterised by requirements derived from outdoor Relay scenarios with a Relay to UE minimum coupling loss equals to 59 dB.
-	Low-CL Relay are characterised by requirements derived from indoor Relay scenarios with a Relay to UE minimum coupling loss equals to 45 dB.
--------------------------------------------------
LTE relay classes are defined according to the MCL but he requirements are defined according to power class not the relay classes. The followings are some examples.
Table 6.2-2: Relay access link rated output power
	Access link Power class
	Rated output power [dBm]

	Power class 1
	≤ +24 (for one transmit antenna port)
≤ +21 (for two transmit antenna ports)
≤ +18 (for four transmit antenna ports)
≤ +15 (for eight transmit antenna ports)

	Power class 2
	≤ +30 (for one transmit antenna port)
≤ +27 (for two transmit antenna ports)
≤ +24 (for four transmit antenna ports)
≤ +21 (for eight transmit antenna ports)



Table 6.2-3: Relay backhaul link rated output power
	Backhaul link Power class
	Rated output power [dBm]

	Power class 1
	≤ +24 (for one transmit antenna port)
≤ +21 (for two transmit antenna ports)
≤ +18 (for four transmit antenna ports)



Table 6.5.3.1-3: Relay operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidth
	Parameter
	Value

	Frequency offset of measurement filter -3dB point, f
	0 MHz  f < 5 MHz
	5 MHz  f < min(10 MHz, fmax)
	10 MHz  f < fmax

	Frequency offset of measurement filter centre frequency, f_offset
	0.05 MHz  
f_offset 
< 5.05 MHz
	5.05 MHz  
f_offset 
< min(10.05 MHz,f_offsetmax)
	10.05 MHz  
f_offset  
< f_offsetmax

	Measurement bandwidth (Note 1)
	100 kHz
	100 kHz
	100 kHz

	Minimum requirement
Power class 1
	[image: ]
	-37 dBm
	-37 dBm (Note 2)

	Minimum requirement
Power class 2
	[image: ]
	-31 dBm
	-31 dBm



· UTRA repeater
There’s no power class defined and the requirements are defined according to different output power capabilities.
Table 6.1: Repeater output power; normal conditions
	Rated output power
	Limit

	P  43 dBm
	+2 dB and -2 dB

	39  P < 43 dBm
	+2 dB and -2 dB

	31  P < 39 dBm
	+2 dB and -2 dB

	P < 31 dBm
	+3 dB and -3 dB



Table 9.1: Emission mask values, maximum output power P  43 dBm
	Frequency offset of measurement filter -3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 2)

	2,5 MHz  f < 2,7 MHz
	2,515MHz  f_offset < 2,715MHz 
	-14 dBm
	30 kHz 

	2,7 MHz  f < 3,5 MHz
	2,715MHz  f_offset < 3,515MHz
	

	30 kHz 

	(Note 1)
	3,515MHz  f_offset < 4,0MHz 
	-26 dBm
	30 kHz 

	3,5 MHz  f  f max 
	4,0MHz  f_offset < f_offsetmax 
	-13 dBm
	1 MHz 



Table 9.2: Emission mask values, maximum output power 39  P < 43 dBm
	Frequency offset of measurement filter -3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement 
	Measurement bandwidth (Note 2)

	2,5 MHz  f < 2,7 MHz
	2,515MHz  f_offset < 2,715MHz 
	-14 dBm
	30 kHz 

	2,7 MHz  f < 3,5 MHz
	2,715MHz  f_offset < 3,515MHz
	

	30 kHz 

	(Note 1)
	3,515MHz  f_offset < 4,0MHz 
	-26 dBm
	30 kHz 

	3,5 MHz  f < 7,5 MHz
	4,0MHz  f_offset < 8,0MHz
	-13 dBm
	1 MHz 

	7,5 MHz  f  f max 
	8,0MHz  f_offset < f_offsetmax 
	P - 56 dB
	1 MHz 


…..

· LTE repeater
LTE repeater is similar as UTRA repeater that no classes are defined and the requirements are defined according to the different output power capabilities.
Table 6.1-1: Repeater output power; normal conditions
	Rated output power
	Limit

	P  31 dBm
	+2 dB and -2 dB

	P < 31 dBm
	+3 dB and -3 dB



Table 13.2.1-1: Repeater ACRR
	Co-existence with other systems
	Repeater maximum output power
	Channel offset from the centre frequency of the first or last 5MHz channel within the pass band.
	ACRR limit

	UTRA
	P  31 dBm
	5 MHz
	33dB

	
	P  31 dBm
	10 MHz
	33dB

	
	P < 31 dBm
	5 MHz
	20dB

	
	P < 31 dBm
	10 MHz
	20dB



2.1.4.2 Proposal for NR repeater
The current classes’ definition can be summarized as three approaches, 1) classes are defined according to the deployment scenarios. 2) Classes are defined according to the MCL. 3) No class is defined. For NR repeater, our understanding is that the approach 1) is not easy to be used because there’re some scenarios like tunnel which is not in the definitions for BS. 2) also is not very good because replay doesn’t use that definition in the requirements. So 3) can be considered and it also follows UTRA and E-UTRA approach. If power classes other than power levels are clearer in spec, power class 1, 2, 3 [and 4] can be used when the output power is defined, which is the same as E-UTRA relay and UE. So the following is an example,

Table 2.1.4.2-1: Repeater type 1-C downlink rated output power limits
	Repeater class
	Prated,c,AC

	Power class 1
	(Note)

	Power class 2
	≤ 38 dBm

	Power class 3
	≤ 24 dBm

	[Power class 4]
	[TBD]

	NOTE:	There is no upper limit for the Prated,c,AC rated output power of the power class 1 repeater.



Table 2.1.4.2-2: Repeater type 1-C uplink rated output power limits
	Repeater class
	Prated,c,AC

	Power class 2
	≤ 38 dBm

	Power class 3
	≤ 24 dBm



Then the requirements can be defined as following,
Table 2.1.4.2-3: Repeater operating band unwanted emission limits 
(NR bands below 1 GHz) for Category A, power class 1
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.05 MHz  f_offset < 5.05 MHz
	[image: ]
	100 kHz 

	5 MHz  f <
min(10 MHz, fmax)
	5.05 MHz  f_offset <
min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz  f  fmax
	10.05 MHz  f_offset < f_offsetmax 
	-13 dBm (Note 3)
	100 kHz 

	NOTE 1:	For a BS supporting non-contiguous spectrum operation within any operating band, the emission limits within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the sub-block gap, where the emission limits within sub-block gaps shall be -13 dBm/100 kHz.
NOTE 2:	For a multi-band connector with Inter RF Bandwidth gap < 2*ΔfOBUE the emission limits within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.
NOTE 3:	The requirement is not applicable when fmax < 10 MHz.



[bookmark: _GoBack]Proposal 4: Power class is used to differentiate the output power levels and emission requirements. No repeater class definition exists in the spec.
2.2 Repeater type
For the repeater type, the open issue is if 1-H and 1-O are defined in current release. Our view is not changed that they are not defined in the current release and can be defined in future release if there’s demand from market.
Proposal 5: Type 1-H and type 1-O are not defined for NR repeater in R17, they can be defined in future release if there’s demand from market.
3. Conclusion
Further consideration is provided in this contribution, the following proposals are provided.
Proposal 1: The FR1 DL output power levels corresponding to NR BS WA, MR and LA can be defined. The home class can also be considered if the requirements can be discussed and concluded.
Proposal 2: FR1 UL output power levels corresponding to NR BS MR and LA can be defined.
Proposal 3: Revisit the last meeting’s agreement for FR2 UL class and agree that no class is defined for both FR2 DL and UL.
Proposal 4: Power class is used to differentiate the output power levels and emission requirements. No repeater class definition exists in the spec.
Proposal 5: Type 1-H and type 1-O are not defined for NR repeater in R17, they can be defined in future release if there’s demand from market.
Reference
[1] R4-2108082, WF on Repeater Classes and Types, CMCC
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