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1. Introduction
In last RAN meeting, a new WID on NR network-controlled repeaters has been approved [1]. The main objective of RAN4 is to study and specify the RF and EMC requirements of NCR if necessary with following notes:
· Note: The existing requirements defined in RAN4 can be reused if applicable.
· Note: The work in RAN4 for beam related is expected to start on FR2 first.
In this meeting, we focus on the discussion of NCR.
2. Discussion
NCR aim to specify following three kind of side control information compared with RF repeater according to the WID.
· Beamforming
· UL-DL TDD operation
· ON-OFF information
NCR RAN4 requirements should mainly focus on above new functionalities related RF requirements.
The approved conceptual model of NCR is copied as below from TR 38.867 for information.
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Figure 1: Conceptual model of network-controlled repeater as in TR 38.867
2.1 beam related requirements
During the discussion of RF repeater, it is approved to specify requirements assuming fixed beam direction and without beamforming capability. So, NCR should add some beamforming related requirements. Following table show all candidate requirements that may need to be specified.
Table 1: FR2 beam related RF requirements for NCR
	Beam related requirements
	Requirements for repeater which may need to be updated for NCR
	NCR

	A set of declaration for each beam
	For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth, rated beam EIRP, OTA peak directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).
	Current repeater declaration is enough for NCR

	Minimum requirement of output power
	The AoA of input signal shall be the same as the reference direction for the OTA peak directions set when operating in the opposite DL/UL direction.
	Legacy RF repeater assume fixed beam direction but NCR support beamforming at both BH and access link, so there is no need for such limitation. For NCR, input signal arrives from any direction within the OTA REFSENS RoAoA

	EVM
	OTA modulation quality requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range on the transmit side and the AoA of the incident wave of the received signal is in the reference direction at the receive side.
	NCR support beamforming. So the requirements for receiver direction is that input signal arrives from any direction within the OTA REFSENS RoAoA

	Input intermodulation
	The requirement shall apply at the RIB when the AoA of the incident wave of a received signal and the interfering signal are from the same direction:
	received signal and interfering signal should be within the OTA REFSENS RoAoA.

	ACRR
	The requirement shall apply at the RIB when the AoA of the incident wave of a received signal in the passband and a received signal on an adjacent channel outside repeater passband is from the same direction and are the same as the TX reference direction for the opposite DL/UL setting.
	received signal and interfering signal should be within the OTA REFSENS RoAoA.

	Beam correspondence requirements
	no
	Necessary for NCR



Based on above analysis, there are two aspects that should be considered. one is the input signal direction and the other is the BC requirements.
For input signal direction, during RF repeater discussion, fixed beam is assumed without beamforming capability assumption. But for NCR, it is approved that beamforming will introduce more performance gain. So the same input signal directions as defined for 2-O BS are suggested to be reused.
Proposal 1: it’s suggested that input signal arrives from any direction within the OTA REFSENS RoAoA, the same as 2-O BS, which also applies for interference input signals for input intermodulation and ACRR requirements.
About the BS assumption, during study phase, RAN1 approved that the beam correspondence is assumed for the DL/UL at access link for NCR-fwd. And there is no agreement of BC assumption for the backhaul link and Control link until now. One possibility is that both BC with beam sweeping and BC without beam sweeping will be supported at BH link and Control link during work phase. But during RAN4 RF repeater discussion, it is assumed that BC is applicable for both access link and backhaul link. So for NCR, beam correspondence related requirements are necessary.
Observation 1: BC without beam sweeping is assumed for access link and there is no agreement for backhaul link and C-link.
Proposal 2: beam correspondence related requirements are necessary for NCR and Legacy requirements for UE should be taken as the staring point. 
To help accelerate RAN4 discussion of beam correspondence, it’s better to send the LS to RAN1 to ask BC related agreements at backhaul link and Control link.
Proposal 3: it’s suggested to send the LS to RAN1 to query about beam correspondence progress at backhaul link and control link.
2.2 UL and DL TDD operation and ON-OFF information
RF repeater define OTA transient period for both transition OFF to ON and ON to OFF. Such requirements could be still applicable for NCR and there is no new requirement for NCR.
Proposal 4: the same transient period could be still applicable for NCR and there is no need for other new requirements.
2.3 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 2: 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. But for the forwarding part for both backhaul and access link, it seems there is no need to define such requirements since forwarding part don’t know such information. Before discuss RF requirements, we need to discuss whether to differentiate RF requirements for MT part and forwarding part separately. Do we need to use the same conceptual model of network-controlled repeater as in TR 38.867 and differentiate requirements for each part? Or we use the same method as RF repeater.
Proposal 5: it’s suggested to discuss how to differentiate RF requirements for NCR with following options:
Option 1: refer to the same model as in fig 1 copied from TR 38.867 to define RF requirements. that’s means four set of requirements for MT DL, MT UL, forwarding DL, forwarding UL.
Option 2: same as RF repeater, we only differentiate DL and UL requirements without differentiating MT and forwarding part. 
 
3. Conclusions
In this contribution, NCR requirements are discussed with following observations and proposals:
Proposal 1: it’s suggested that input signal arrives from any direction within the OTA REFSENS RoAoA, the same as 2-O BS, which also applies for interference input signals for input intermodulation and ACRR requirements.
Observation 1: BC without beam sweeping is assumed for access link and there is no agreement for backhaul link and C-link.
Proposal 2: beam correspondence related requirements are necessary for NCR and Legacy requirements for UE should be taken as the staring point. 
Proposal 3: it’s suggested to send the LS to RAN1 to query about beam correspondence progress at backhaul link and control link.
Proposal 4: the same transient period could be still applicable for NCR and there is no need for other new requirements.
Observation 2: NCR MT part has the information of BW, SCS related information. But forwarding part have no such information. 
Proposal 5: it’s suggested to discuss how to differentiate RF requirements for NCR with following options:
· Option 1: refer to the same model as in fig 1 copied from TR 38.867 to define RF requirements. that’s means four set of requirements for MT DL, MT UL, forwarding DL, forwarding UL.
· Option 2: same as RF repeater, we only differentiate DL and UL requirements without differentiating MT and forwarding part. 
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