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1. Introduction
In last RAN meeting, a new WID on NR network-controlled repeaters has been approved [1]. In last RAN4 meeting, a WF on NCR RF requirement in Rel-18 is approved [2]. In this meeting, we focus on the discussion of NCR.
2. Discussion
After the first meeting discussion, it seems the main update compared with RF repeater include following four parts:
· FR1 beamforming capability, i.e. whether to consider 1-O and 1-H types NCR
· FR2 beamforming includes 
· dynamic beamforming which means directions and declaration framework should be updated 
· BC capability definition
· MT receiver requirements which may rely on analysis of the test feasibility
· how to define specific requirements for MT, which is not applicable for forwarding part.
· MT Tx requirements which are postponed until RAN1 response received
· Identify whether such requirement is different from forwarding part
Following we will focus on the analysis of above first three issues.
2.1 FR1 beamforming capability
During last meeting’s discussion, whether to define FR1 beamforming capability is based on RAN4’s agreements rather than based on RAN1’s conclusion. in last meeting, we send the LS to RAN1 about whether they have some concern on support of FR1 beamforming. It’s noted that even if RAN1 reply the LS with the concern on support of FR1 beamforming, it doesn’t mean RAN4 will not define beamforming related FR1 requirements.
In the WID[1], there is a note that the work in RAN4 for beam related is expected to start on FR2 first. But it doesn’t preclude the possibility of beam related work on FR1. According to last meeting’s discussion, for FR2 dynamic beamforming, it seems majority work has been finished for FR2 beamforming and detailed agreements are listed as below. therefore, it’s feasible to start study on FR1 beamforming related requirements.
	o	no new requirement on top of Rel-17 needed as starting point. 
o	Agree on directions (as indicated by CMCC R4-2215488) and declaration framework (as indicated by ZTE R4-2216553) as starting point, further details could be discussed further.


From our understanding, NCR should support beam in FR1 to enhance coverage and reduce interference which is caused by amplifying interference signals. Regarding fixed beamforming or dynamic beamforming, it is based on deployment scenario. When propagation environment is LOS, it seems fixed beamforming is already enough. But if the propagation environment is variable, dynamic beamforming is required. According to our experience of RF repeater deployment, it is necessary of dynamic beamforming although the deployment scenario is not that common.
Proposal 1: NCR should support beamforming in FR1, i.e. 1-H and 1-O type NCR are needed. 
2.2 FR2 beam related direction requirements
For RF repeater of R17, fixed beamforming is assumed and Rx and Tx are assumed as in exactly opposite direction. For NCR, dynamic beamforming is supported and Rx and Tx directions are assumed independent on each other. So the same method as gNB Tx and Rx OTA direction requirements could be taken as starting point. for Tx, the requirement is applied in a specific direction within the OTA coverage range. for Rx, the AoA of the incident wave of a received signal is within the OTA REFSENS RoAoA or the minSENS RoAoA.
For NCR FR2 Tx direction requirements, it’s still suggested to reuse the concept of OTA coverage range which also include OTA peak directions sets.
Proposal 2: For NCR FR2 Tx direction requirements, it’s still suggested to reuse the concept of OTA coverage range which also include OTA peak directions sets.
For NCR FR2 Rx direction requirements. The same method like OTA sensitivity RoAoA is suggested that input signal and interference input signals both comes from any direction within the “OTA sensitivity RoAoA”. Of cause, there is no min EIS requirement at least for forwarding link. The motivation of RoAoA is to make sure NCR support dynamic beamforming and all Rx requirements like input IMD are applicable in this RoAoA. 
Proposal 3: for NCR FR2 Rx direction requirements, it’s suggested to specify following OTA Rx direction declarations. These declarations apply for both input signal and interference signal.
1) A declared receiver target redirection range. This range is not needed if NCR don’t support redirection.
2) [five] declared sensitivity RoAoA comprising the conformance testing directions. If don’t support redirection, only one RoAoA is suggested
3) Receiver target reference direction
4) Min EIS may only need for MT part
About the definition of sensitivity RoAoA for forwarding part, we need to further check the possibility of reusing legacy definition in gNB spec since there is no EIS requirement. There are two options, one is that direction requirement is the same for MT and backhaul of forwarding part, so we could reuse the min EIS requirements of MT part. Another option is to use received power at receiver target reference direction to replace min EIS. So the declared sensitivity RoAoA is the contour that include all the points where received power is 3dB less than the received power at reference direction.
Proposal 4: for forwarding part, the definition of sensitivity RoAoA includes:
Option 1: sensitivity RoAoA is the contour that include all the points where received power is 3dB less than the min EIS power defined for MT part.
Option 2: sensitivity RoAoA is the contour that include all the points where received power is 3dB less than the received power at receiver target reference direction.
2.3 FR2 BC requirements
About the BC capability, for NCR-MT part, UL beam management is supported in RAN1 according to the conclusion in study phase. For R15 and R16 UE BC, some relaxation is allowed for the UE to support BC with beam sweeping. For R18 NCR, this relaxation is also suggested to leave some room for cost.
Proposal 5: the same BC capability as defined in R16 UE spec is also suggested for NCR MT part that include beamCorrespondenceWithoutUL-BeamSweeping, beamCorrespondenceSSB-based, beamCorrespondenceCSI-RS-based. 
As for BC specific requirements, min peak EIRP is suggested to be the same as RF repeater in R17 that means based on declaration. NCR is fixed like FWA UE, so the same spherical coverage requirements as FWA UE is also applicable for NCR. as for the tolerance requirements, it is based on the simulation with assumption of antenna element and array error like phase shift error. There is no tolerance requirement now for FWA UE so no reference.
Proposal 6: for BC requirements,
· The min peak EIRP requirement is suggested as the same as R17 RF repeater spec, i.e. based on declaration
· Spherical coverage refers to the same requirements as defined for FWA UE.
· Tolerance requirements FFS
For NCR- forwarding backhaul part, it doesn’t demode any RS information, it seems the same BC capability for MT is also applicable for NCR-forwarding backhaul part.
For NCR-forwarding access part, it may serve more than one UE and it listen to MT part to determine point at which UE with which beam. For such case, to be honest, there is even no need for it to support BC when the Tx beam may be different from Rx beam because they may point at different UE. support of BC is only used when there is only one active UE under access link. For such case, the same as forwarding backhaul link, the legacy BC capability is also applicable for access link since RS will be demoded at MT and access link listen to MT part control.
Observation 1: support of BC is only necessary when there is only one active UE at forwarding access link.
Proposal 7: further check the possibility of reusing R16 BC capability for forwarding parts.
2.4 MT receiver requirements
For legacy UE, the REFSENSE is the minimum Rx power level of which throughput shall be larger than 95% of max throughput from RMC. For NCR, according to last RAN1 meeting discussion, PDSCH is supported to transmit control information like RRC information or MAC CE. It may be possible that there is no enough payload that need to be transmitted by gNB to MT compared with the value in RMC configuration. But during the testing, the SS could send downlink padding bits like what is done for legacy UE. so it seems legacy testing criteria of larger than 95% max throughput is still applicable for MT.
Observation 2: RAN1 approves that gNB could transmit PDSCH to MT. so the similar testing procedure through transmitting padding bits on PDSCH to test REFSENSE seems still applicable.

2.5 other requirements
For RF repeater, RAN4 assume repeater doesn’t know the system information so there is no bandwidth, SCS, raster related RF requirements. That’s the reason why we define nominal repeater channel bandwidth into spec. But for NCR, for MT part, it could know such information. About the forwarding part, itself doesn’t know such information and it only listen to MT’s control. 
Observation 3: NCR MT part has the information of BW, SCS related information. But forwarding part have no such information. 
About BW, SCS and raster related requirements for NCR. For NCR MT part, it’s reasonable to involve such requirements.
Proposal 8: it’s suggested to define BW, SCS, channel raster, synchronization raster related requirements for MT part.
3. Conclusions
In this contribution, NCR requirements are discussed with following observations and proposals:
Proposal 1: NCR should support beamforming in FR1, i.e. 1-H and 1-O type NCR are needed. 
Proposal 2: For NCR FR2 Tx direction requirements, it’s still suggested to reuse the concept of OTA coverage range which also include OTA peak directions sets.
Proposal 3: For NCR FR2 Rx direction requirements, it’s suggested to specify following OTA Rx direction declarations. These declarations apply for both input signal and interference signal.
1) A declared receiver target redirection range. This range is not needed if NCR don’t support redirection.
2) [five] declared sensitivity RoAoA comprising the conformance testing directions. If don’t support redirection, only one RoAoA is suggested
3) Receiver target reference direction
4) Min EIS may only need for MT part
Proposal 4: for forwarding part, the definition of sensitivity RoAoA includes following options:
Option 1: sensitivity RoAoA is the contour that include all the points where received power is 3dB less than the min EIS power defined for MT part.
Option 2: sensitivity RoAoA is the contour that include all the points where received power is 3dB less than the received power at receiver target reference direction.
Proposal 5: the same BC capability as defined in R16 UE spec is also suggested for NCR MT part that include beamCorrespondenceWithoutUL-BeamSweeping, beamCorrespondenceSSB-based, beamCorrespondenceCSI-RS-based.
Proposal 6: for BC requirements,
· The min peak EIRP requirement is suggested as the same as R17 RF repeater spec, i.e. based on declaration
· Spherical coverage refers to the same requirements as defined for FWA UE.
· Tolerance requirements FFS
Observation 1: support of BC is only necessary when there is only one active UE at forwarding access link.
Proposal 7: further check the possibility of reusing R16 BC capability for forwarding parts.
Observation 2: RAN1 approves that gNB could transmit PDSCH to MT. so the similar testing procedure through transmitting padding bits on PDSCH to test REFSENSE seems still applicable for MT.
Observation 3: NCR MT part has the information of BW, SCS related information. But forwarding part have no such information. 
Proposal 8: it’s suggested to define BW, SCS, channel raster, synchronization raster related requirements for MT part.
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