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1. Introduction
In last RAN4 #101 bis e-meeting, a new WF on FR1 NR repeaters RF requirement is approved. Remaining issues include
1) Channel bandwidth for UL ACLR
2) Inside OBUE
3) Remaining spurious emission requirement
In this contribution, we focus on remaining emission requirements for FR1.
2. Discussion
2.1 Channel bandwidth for UL ACLR
In last meeting, the channel bandwidth for repeater UL ACLR/CACLR is still remained into the bracket to give time for further check. The reason for the definition of min (100MHz, passband bandwidth) is to consider the scenario when repeater hold several consecutive carries. However, the passband width may not be comprised by multiple 100MHz carriers instead it may comprise several carriers with different carrier BW, e.g. China Mobile hold consecutive 160MHz for band n41. When we test ACLR for such repeater, we use the same bandwidth as the lowest or highest carrier at the edge of repeater’s passband. So we need to update original bandwidth definition as: 
Min (BW of the highest or lowest carrier in the edge of passband, passband bandwidth)
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Fig 1. The schematic of ACLR for repeater hold several consecutive carriers with different BW
Proposal 1: the channel bandwidth for UL ACLR/CACLR is suggested as Min (BW of the highest or lowest carrier in the edge of passband, passband bandwidth).
2.2 inside OBUE
The agreement of inside OBUE in last meeting is listed as below:
	Question 2: In case within passband OBUE is pursued, limit should be set considering?
Candidate options:
Option 1: adjacent PRBs (ref. UE in-band emission)
Option 2: adjacent carriers (ref. absolute ACLR)
Agreement:
For UL side, option 1 adopted 
For DL side, option 2 adopted
Question 4: Which further details are still missing from inside passband emission limit definition?
Candidate options:
Option 1: actual limit in dBm, both for UL and DL
Option 2: please list other missing aspects
Proposed further methodologies to set the requirement:
-	Option 1: use OBUE emission level
-	Option 2: use absolute ACLR
-	For both options
o	Level can could be different for UL and DL
o	Level could be different based on class



At first we discuss the DL inside OBUE requirements.
The candidate limits for inside OBUE include OBUE, equivalent relative ACLR in absolute limit, absolute ACLR. In theory, we should define limits that are more stringent than OBUE but the more relax one between absolute ACLR and relative ACLR.
Observation 1: the principle to define inside OBUE is to choose the more stringent limit between gNB OBUE and ACLR. Here the ACLR is the more relax one between relative ACLR and absolute ACLR.
For WA, absolute ACLR requirement is -15dBm/MHz for category B and equivalent relative ACLR in dBm is 33-45dBc=-12dBm/MHz. Both are more stringent than OBUE (-6dBm/MHz for frequency offset larger than 10MHz). so we use the more relax one, i.e. -12dBm/MHz. Assuming NF=5dB, the output noise is -12dBm/MHz when amplification is 97dB. 90dB is the maximum gain assumption, so -12dBm/MHz must be above the amplified noise and could be measurable. 
For MR, absolute ACLR requirement is -25dBm/MHz and equivalent relative ACLR in dBm is 38-20-45dBc=-37dBm/MHz. both are more stringent than OBUE (-15dBm/MHz for frequency offset larger than 10MHz). So we use the more relax one, i.e. -25dBm/MHz. Assuming NF=10dB, the output noise is -25dBm/MHz when amplification gain is 79dB; this means the CL between donor gNB and repeater is also 79dB which is a reasonable maximum CL assumption for MR repeater. So -25dBm/MHz must be above the amplified noise and could be measurable.
For LA, absolute ACLR requirement is -32dBm/MHz and equivalent relative ACLR in dBm is 24-45-20dBc= -41dBm/MHz. Both are more stringent than OBUE (-27dBm/MHz for frequency offset larger than 10MHz). So we use the more relax one, i.e. -32dBm/MHz. Assuming NF=13dB, the output noise is -32dBm/MHz when gain is 69dB. According to our experience, 69dB could be assumed as the maximum gain assumption for LA. So absolute ACLR requirement may be OK i.e. -32dBm/MHz.
Proposal 2: it’s suggested to define inside OBUE with following limit:
-12dBm/MHz for WA, -25dBm/MHz for MR, -32dBm/MHz for LA.
For UL, the reason to define inside OBUE for adjacent PRBs is that repeater may only serve certain UEs without occupying the whole channel. In R4-2201660, some suggestion based on in-band emission is proposed.
If we assume repeater only serve one UE with only one allocated PRB, the general in-band emission in UE spec could be -25.4dBm/RB=23-24.4(per RB)-22dBc assuming 30kHz SCS and 100MHz BW. But the amplified noise is -18dBm/PRB with 10dB NF and 90dB gain assumption. In such case, this means in-band emission would be below noise floor and make it un-measurable, which is the reason why LTE repeater doesn’t define inside ACLR requirements.
Observation 2: in-band emission requirements maybe lower than amplified noise in some case, making the requirements un-measurable.
Another choice for inside OBUE is the same SEM limit, which may be -10MHz, -13dBm/MHz, -25dBm/MHz for different frequency offset. The amplified noise is -174+60+10(NF)+90(amplification gain)=-14dBm/MHz. There is also possibility that SEM is lower than amplified noise. But this only occurs when the frequency offset if larger than channel BW.
Observation 3: SEM as in UE spec is above noise floor when the frequency offset is less than channel BW.
Instead of in-band emission, our preference is to use the SEM limits as in UE spec with the frequency offset less than channel BW for inside OBUE.
Proposal 3: it’s suggested that use the SEM limits as in UE spec with the frequency offset less than channel BW for inside OBUE.
2.3 remaining spurious emission requirement 
Spurious emission requirement comprises mandatory requirement, co-existence, co-location and protection of the BS receiver requirements. until now, we haven’t discussed co-existence and protection of the BS receiver requirements. following list previous agreement for information.
The agreements in RAN4 #99 e-meeting:
	reuse the same general spurious requirements for category B for UL.
define receiver spurious for TDD repeater.


The agreements in RAN4 #98 bis e-meeting:
	The same spurious emission requirements as BS spec still apply to DL(access link). 
· FFS on whether it could be reused for UL(backhaul link) , especially for FDD
NR repeater spurious emission could include general spurious emission, co- location with other base stations, Co-existence with other systems in the same geographical area, Protection of BS receiver for FDD operating band, regional and regulation related requirements.
Only Tx spurious emission is sufficient and Rx spurious emission is not necessary for FDD repeater.
· FFS on whether Rx spurious emission is necessary for TDD repeater.


Above agreement for co-existence requirement is a little confusing, so we try to list some explicit requirement for co-existence requirement. Co-existence spurious emission requirement is regulatory requirement, so it is suggested to reuse the same limit as gNB spec. but some exceptions should be noted. Such requirements could be applicable for FDD UL and DL, DL for un-synchronized TDD and UL for synchronized TDD to avoid extra interference to coexisting gNB receiver.
Proposal 4: it’s suggested to reuse the same co-existence spurious limit as NR gNB spec. such requirements are applicable for FDD UL and DL, DL for un-synchronized TDD and UL for synchronized TDD with maximum gain assumption to avoid extra interference to coexisting gNB receiver.
For FDD spurious emission, gNB spec define requirement to ensure the degradation of received REFSENSE is less than 0.8dB with 30dB CL between transmission port and receiver port. for LTE repeater spec, such requirement is too much stringent, so the requirement is relaxed according to the capability of state of art by adding the 73dB-assumption of the CL between repeater and FDD BS receiver. This will require operators to avoid the co-location between FDD gNB and repeater. Besides, 53dB/100kHz reflects previous state of art of LTE repeater, we suggest to include such requirement into the bracket. Also we should add the note into the spec that the requirements shall be reconsidered when the state of art technology progress.
Proposal 5: it’s suggested to define [-53]dBm/100KHz FDD spurious emission requirement for FDD repeater UL to protect the receiver of FDD gNB with 73dB CL assumption. Besides, it’s suggested to add some note into the spec like:
NOTE:	The requirements of [-53]dBm/100kHz in Table xxx for the up link direction of the Repeater reflect what can be achieved with present state of the art technology and are based on a coupling loss of 73 dB between a Repeater and a UTRA TDD BS receiver.
NOTE:	The requirements of [-53]dBm/100kHz in Table xxx shall be reconsidered when the state of the art technology progresses.
3. Conclusions
In this contribution, NR repeater emission related conducted requirements are discussed with following observation and proposals:
Proposal 1: the channel bandwidth for UL ACLR/CACLR is suggested as Min (BW of the highest or lowest carrier in the edge of passband, passband bandwidth).
Observation 1: the principle to define inside OBUE is to choose the more stringent limit between gNB OBUE and ACLR. Here the ACLR is the more relax one between relative ACLR and absolute ACLR.
Proposal 2: it’s suggested to define inside OBUE with following limit:
-12dBm/MHz for WA, -25dBm/MHz for MR, -32dBm/MHz for LA.
Observation 2: in-band emission requirements maybe lower than amplified noise in some case, making the requirements un-measurable.
Observation 3: SEM as in UE spec is above noise floor when the frequency offset is less than channel BW.
Proposal 3: it’s suggested that use the SEM limits as in UE spec with the frequency offset less than channel BW for inside OBUE.
Proposal 4: it’s suggested to reuse the same co-existence spurious limit as NR gNB spec. such requirements are applicable for FDD UL and DL, DL for un-synchronized TDD and UL for synchronized TDD with maximum gain assumption to avoid extra interference to coexisting gNB receiver. 
Proposal 5: it’s suggested to define [-53]dBm/100KHz FDD spurious emission requirement for FDD repeater UL to protect the receiver of FDD gNB with 73dB CL assumption. Besides, it’s suggested to add some note into the spec like:
NOTE:	The requirements of [-53]dBm/100kHz in Table xxx for the up link direction of the Repeater reflect what can be achieved with present state of the art technology and are based on a coupling loss of 73 dB between a Repeater and a UTRA TDD BS receiver.
NOTE:	The requirements of [-53]dBm/100kHz in Table xxx shall be reconsidered when the state of the art technology progresses.
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