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1. Introduction
In last RAN4 #101 e-meeting, a new WF on FR1 NR repeaters RF requirement is approved. Remaining issues include
1) ACLR for LA repeater UL, 30dB or 31dB
2) Exceptions for CACLR applicable range
3) Inside OBUE
4) Additional regional emission requirement, including NS signaling related issue
In this contribution, we focus to discuss above remaining issues for FR1.
2. Discussion
2.1 LA UL ACLR
In China, Ministry of Industry and Information Technology released RF technology requirements for NR FR repeater. Based on analysis and simulation, 29.2dBc ACLR is required for repeater UL independent of output power. 
As discussed in [1], repeater could be regarded as UE during the simulation for ACLR. RAN4 defined 30dBc ACLR for 23dBm output power, 31dBc ACLR for 26 and 29dBm output power and 37dBc ACLR for 31dBm output power.
Considering power is the key factors that will impact final ACLR, 31dBc is suggested because LA repeater has maximum 24dBm output power which is larger than 23dBm PC3. This requirement is a little more stringent than current RF requirement in China. But based on our survey of repeater vendors, 31dBc for LA repeater is achievable.
Proposal 1: 31dBc is suggested for LA UL ACLR.
2.2 CACLR
Based on previous discussion, CACLR definition is much like that defined in gNB spec and passband is like the BS RF bandwidth definition in BS spec. therefore, the same definition of CACLR in BS spec could be referred. CACLR requirement could be applicable for both multi operating band cases and multi passband cases. The same exceptions that don’t need CACLR requirements are also applicable for repeater CACLR.
Proposal 2: CACLR requirement for repeater is also applicable for multi-operation band cases.
Proposal 3: the same exceptions for CACLR application range as gNB spec could be reused for both repeater’s DL and UL with some modification of RF bandwidth and sub-block related description by repeater passband bandwidth.
For bands except for n46 and n96
	Channel bandwidth of lowest/highest carrier transmitted BWChannel (MHz)
	Inter passband Bandwidth gap size (Wgap) where the limit applies (MHz)
	adjacent channel centre frequency offset below or above repeater passband Bandwidth edge (inside the gap)
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	CACLR limit

	5, 10, 15, 20
	5 ≤Wgap< 15 (Note 3)
5 ≤Wgap< 45 (Note 4)
	2.5 MHz
	5 MHz NR (Note 2)
	Square (BWConfig)
	45 dB for DL and WA UL
[31]dB for LA UL

	
	10 < Wgap< 20  (Note 3)
10 ≤Wgap< 50 (Note 4)
	7.5 MHz
	5 MHz NR (Note 2)
	Square (BWConfig)
	45 dB for DL and WA UL
[31]dB for LA UL

	25, 30, 40, 50, 60, 70, 80,90, 100
	20 ≤Wgap< 60  (Note 4)
20 ≤Wgap< 30 (Note 3)

	10 MHz
	20 MHz NR (Note 2)
	Square (BWConfig)
	45 dB for DL and WA UL
[31]dB for LA UL

	
	40 < Wgap< 80  (Note 4)
40 ≤Wgap< 50 (Note 3)
	30 MHz
	20 MHz NR (Note 2)
	Square (BWConfig)
	45 dB for DL and WA UL
[31]dB for LA UL

	NOTE 1:	BWConfig is the transmission bandwidth configuration of the assumed adjacent channel carrier.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	Applicable in case the channel bandwidth of the NR carrier transmitted at the other edge of the gap is 5, 10, 15, 20 MHz.
NOTE 4:	Applicable in case the channel bandwidth of the NR carrier transmitted at the other edge of the gap is 25, 30, 40, 50, 60, 70, 80, 90, 100 MHz.



2.3 inside OBUE
The tables in annex show that in some cases when repeater’s amplification gain is relatively less, inside passband OBUE requirement is higher than the amplified noise floor, making in-passband OBUE non-negligible. As stated in previous spec, maximum gain is assumed as 90dB. If so, at least for WA, in-passband adjacent channel emission is 4dB higher than amplified noise floor. This same principle seems also apply for both LA and home class even though we don’t have clear information about amplification gain for such two classes.
Observation 1: inside OBUE requirement is larger than amplified noise floor and could be measurable if it is defined.
Repeater’s passband is similar as BS’s RF bandwidth. Although in 3GPP gNB spec, OBUE requirement is only defined outside RF bandwidth, most operators test inside ACLR or OBUE requirements by testing EVM when all the carriers in the RF bandwidth are transmitting simultaneously. So in fact, inside OBUE is tested implicitly. We could also reuse this same method for inside OBUE testing.
Proposal 4: it seems we could not define inside passband OBUE requirements for both UL and DL if we test EVM with all the carriers in the passband transmitting simultaneously.
Inside OBUE can’t reflect NF because OBUE limit is much larger than noise floor. Even if we assume 20dB NF, OBUE is much larger than noise floor. So inside passband OBUE can’t reflect NF and it is not equivalent to NF. We need to define other NF equivalent requirements rather than inside OBUE requirements.
Proposal 5: inside passband OBUE is much larger than NF and it can’t be equivalently reflect NF characteristics of repeater. 
2.4 Additional regional emission requirement 
Last meeting’s agreement of additional regional emission requirement is listed as below:
	Additional regional emission requirements as in UE spec should be [defined in repeater spec] or [declared by vendor to compliant with regional requirements]. 
	No A-MPR requirement is required for repeater.
	FFS Whether to define NS signalling.
	FFS whether would the manufacturer declare one level for general requirements and another level for more stringent requirement


Additional spectrum emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message. For NR repeater, they are assumed fixed and can’t move to other geographic area. From this point of view, repeater doesn’t need the signalling from network, repeaters should always follow corresponding fixed regional emission requirement rather than follow different requirements dependent on actual location. 
Proposal 6: no need to define NS signalling.
In UE spec, the additional regional emission requirement is indicated by NS signalling. If repeater don’t know the meaning of NS signalling, it’s hard to describe which regional requirement is applicable for which kind of repeaters. If we just list all the additional regional emission requirements into the spec without any applicable criteria, we’re afraid that repeater engineer can’t know which requirements is applicable for which repeater if they only refer to this repeater spec. To make the spec more clearly and simply, it’s better not include any additional regional emission requirement into the spec and repeater vendors should declare them to compliant with regional requirements.
Proposal 7: Additional regional emission requirements as in UE spec should be declared by vendor to compliant with regional requirements and only general requirements are required in the spec.
3. Conclusions
In this contribution, NR repeater emission related conducted requirements are discussed with following observation and proposals:
Proposal 1: 31dBc is suggested for LA UL ACLR.
Proposal 2: CACLR requirement for repeater is also applicable for multi-operation band cases.
Proposal 3: the same exceptions for CACLR application range as gNB spec could be reused for both repeater’s DL and UL with some modification of RF bandwidth and sub-block related description by repeater passband bandwidth.
For bands except for n46 and n96
	Channel bandwidth of lowest/highest carrier transmitted BWChannel (MHz)
	Inter passband Bandwidth gap size (Wgap) where the limit applies (MHz)
	adjacent channel centre frequency offset below or above repeater passband Bandwidth edge (inside the gap)
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	CACLR limit

	5, 10, 15, 20
	5 ≤Wgap< 15 (Note 3)
5 ≤Wgap< 45 (Note 4)
	2.5 MHz
	5 MHz NR (Note 2)
	Square (BWConfig)
	45 dB for DL and WA UL
[31]dB for LA UL

	
	10 < Wgap< 20  (Note 3)
10 ≤Wgap< 50 (Note 4)
	7.5 MHz
	5 MHz NR (Note 2)
	Square (BWConfig)
	45 dB for DL and WA UL
[31]dB for LA UL

	25, 30, 40, 50, 60, 70, 80,90, 100
	20 ≤Wgap< 60  (Note 4)
20 ≤Wgap< 30 (Note 3)

	10 MHz
	20 MHz NR (Note 2)
	Square (BWConfig)
	45 dB for DL and WA UL
[31]dB for LA UL

	
	40 < Wgap< 80  (Note 4)
40 ≤Wgap< 50 (Note 3)
	30 MHz
	20 MHz NR (Note 2)
	Square (BWConfig)
	45 dB for DL and WA UL
[31]dB for LA UL

	NOTE 1:	BWConfig is the transmission bandwidth configuration of the assumed adjacent channel carrier.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	Applicable in case the channel bandwidth of the NR carrier transmitted at the other edge of the gap is 5, 10, 15, 20 MHz.
NOTE 4:	Applicable in case the channel bandwidth of the NR carrier transmitted at the other edge of the gap is 25, 30, 40, 50, 60, 70, 80, 90, 100 MHz.



Observation 1: inside OBUE requirement is larger than amplified noise floor and could be measurable if it is defined.
Proposal 4: it seems we could not define inside passband OBUE requirements for both UL and DL if we test EVM with all the carriers in the passband transmitting simultaneously.
Proposal 5: inside passband OBUE is much larger than NF and it can’t be equivalently reflect NF characteristics of repeater.
Proposal 6: no need to define NS signalling.
Proposal 7: Additional regional emission requirements as in UE spec should be declared by vendor to compliant with regional requirements and only general requirements are required in the spec.
4. Annex
Table comparison of amplified noise and adjacent channel unwanted emission at adjacent channel
	DL
	WA
	LA

	OBUE
	-7dBm ~-14dBm/100kHz
-14dBm/100kHz
-15dBm/MHz
	-30~-37dBm/100kHz
-37dBm/100kHz
-37dBm/100kHz

	NF assumption
	5dB
	13dB

	Gain range to ensure adjacent channel emission is higher than noise floor
	Gain<94dB
	Gain<74dB
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