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[bookmark: _Toc116995841]Introduction
In [1], the objective of the performance part is described as follows:
	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
Study and define the RF conformance testing requirements and EMC requirements of NCR if necessary [RAN4]
Study and define the RRM performance requirements of NCR-MT if necessary [RAN4]
Define the demodulation performance requirements for C-link of NCR-MT [RAN4]
Note-1: The existing requirements defined in RAN4 can be reused if applicable.
Note-2: The demodulation requirements for NCR-MT are expected to be based on a subset of the UE demodulation requirements in 38.101-4 with some adaptations for e.g. conformance testing procedure and FRCs that are similar to IAB-MT.




Based on such an objective, in this paper, we provide our views on the demodulation performance requirements for the Control-link (C-link) of Network-Controlled Repeater - Mobile Termination (NCR-MT), by considering related existing requirements defined in RAN4, in particular UE Demod requirements in TS 38.101-4 [2], with some adaptations that are similar to Integrated Access and Backhaul – Mobile Termination (IAB-MT) in [4].

[bookmark: _Toc116995842]Discussion
Background
Integrated Access and Backhaul (IAB) and RF repeaters were introduced in Rel-16 and Rel-17, respectively, as part of network devices to improve the coverage in cellular network deployment. They have the advantages of not only as cost-efficient network devices, but also provide the flexibility in deployment as they do not need wired backhaul [3].
In Rel-18, another network device called network-controlled repeater (NCR) is considered as an enhanced, or at least network controlled, version of a beamforming enabled RF repeater. As its name implies, NCR will not simply amplify-and-forward its received signal as in the case of RF repeater, but it will have the capability of receiving and processing side control information provided by the network. Side control information, such as semi-static or dynamic DL/UL configuration, transmit/receive beamforming, on-off status, and power control, can help reducing the noise amplification and improving the received signal quality. Hence, NCR may provide better overall performance than conventional RF repeater [3], at the cost of increased management and associated overhead. Nonetheless, it is expected that IAB will perform better than NCR.
The conceptual model of NCR is described in [3]. As shown in Figure 1, NCR consists of:
1. NCR-MT: A function entity to communicate with a gNB via a C-link to enable exchange of control information (e.g., side control information at least for the control of NCR-Fwd). The C-link is based on NR Uu interface.
2. NCR-Fwd: A function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behavior of the NCR-Fwd will be controlled according to the received side control information from gNB.
	[image: ]


Figure 1. Conceptual Model of NCR [2]
The C-link is the communication link between gNB and NCR-MT which is used to exchange control information to configure and manage the NCR. It is based on Uu interface and, hence, NCR-MT should be able to receive and decode NR DL channels and signals (SSB, PDCCH, PDSCH and CSI-RS) and to generate and transmit NR UL channels and signals (PRACH, PUCCH, PUSCH and SRS). As the side control information will be in the form of TDD and time control, beamforming control, ON-OFF control, power control, and identification, authentication, and authorization, it is expected that the payloads will be lower than the usual NR DL/UL channels between gNB and NR UE.
There are several aspects that were already taken into consideration for NCR in the SI [3], such as:
· At least one of the NCR-MT's carrier(s) should operate in the frequency band forwarded by the NCR-Fwd, and the NCR-MT and NCR-Fwd operating in the same frequency band is prioritized for the study.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd are operating in same frequency band). 
· For the transmission/reception of C-link and backhaul link by NCR,
· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way
· The UL of C-link and UL of backhaul link can be performed in TDM way.
· The multiplexing is under the control of gNB with consideration for NCR capability and simultaneous transmission of the UL of C-link and UL of backhaul link is also subject to NCR capability.
[bookmark: _Toc132047358]Same operating frequency band of NCR-MT and NCR-Fwd is prioritized in the SI. Furthermore, same large-scale properties of the channel are expected for the C-link and backhaul link.
[bookmark: _Toc132047359]RAN4 shall assume the same operating frequency band for both the C-link NCR-MT and the backhaul link of NCR-Fwd, when defining demodulation requirements for the C-link.

Related Existing Requirements
As defined in the objective, the demodulation requirements for NCR-MT are expected to be based on a subset of requirements in [2], with some adaptations that are similar to IAB-MT. The demodulation requirements for IAB-MT are defined in [4] sections 8.2 and 11.2, for conducted performance and radiated performance, respectively. Furthermore, the conformance testing for IAB has been specified in [7] for conducted conformance testing and in [8] for radiated conformance testing. While there is no restriction on the testing procedures and setup for IAB-MT, i.e., both UE- and BS-style tests are possible, the BS-style testing was defined as default. 
Note that BS-style testing allows for usage of a testing harness, test modes, (cabled) feedback channels, and synchronization signals (also from a common sync source) [9].
[bookmark: _Toc132047360]The test procedures and setup for IAB-MT has the BS-style testing as default. 
[bookmark: _Toc132047361]As with IAB-MT, there shall be no restriction on the testing style for NCR-MT, but the BS-style testing shall be assumed by default. 

Requirements for C-Link NCR-MT
In [6], initial analysis on demodulation requirements impacts from RAN4 perspective based on the listed feature from RAN1/RAN2 perspective were described. As NCR-MT is equipped with baseband functionality, its demodulation requirements should be defined to assess its practical performance [6]. 
[bookmark: _Toc132047362]There are no performance requirements for PBCH and SDR for IAB-MT defined in TS 38.174.
[bookmark: _Toc132047363]There is no need to define requirements for PBCH and SDR for NCR-MT.
As NCR is a network device which is intended to extend the cell coverage, it is expected that NCR supports all NR frequency bands in both FR1 and FR2 as in the case of RF repeater. 
[bookmark: _Toc132047364]NCR will support both TDD and FDD bands in NR FR1 and TDD bands in NR FR2.
[bookmark: _Toc132047365]The TDD pattern for both NR FR1 and FR2 and the FDD pattern for NR FR1 shall follow the same patterns as defined for IAB-MT.
[bookmark: _Toc132047366]For demodulation requirements, RAN4 shall define requirements for the minimum bandwidth in NR FR1 (5 MHz) and NR FR2 (50 MHz).
[bookmark: _Toc131895330]In the following, we provide our views on the Demodulation requirements for NCR-MT.

PDSCH Requirements
Different to IAB-MT, the C-link of NCR-MT carries only NCR control information. Hence, it is expected that the data rate is lower than of IAB-MT. In [4], the test parameters to test PDSCH of IAB-MT is tabulated in Table 8.2.2.1.1-1 for conducted conformance testing and Table 11.2.2.1.1.1-1 and Table: 11.2.2.2.1.1-1 for radiated conformance testing for IAB Type 1-O and Type 2-O, respectively. The PDSCH test covers different number of ranks, from 1 to 4, and the Fixed Reference Channels for PDSCH performance requirements is defined in sections A.3.1, A.3.2 and A.3.3 for 16QAM, 64QAM and 256QAM, respectively. 
[bookmark: _Toc132047367]As C-link carries only control information, it is expected that it has low data rate and, hence, higher data rate requirements as in IAB-MT are not needed. 
[bookmark: _Toc132047368]Do not define PDSCH requirements for 64QAM and 256QAM and their corresponding Fixed Reference Channel for NCR-MT. 
[bookmark: _Toc132047369]Do not define PDSCH requirements for 2-layer, 3-layer, and 4-layer, and only consider adapt PDSCH requirements of IAB-MT for 1-layer. 
[bookmark: _Toc132046245][bookmark: _Toc132047370][bookmark: _Hlk130568314]RAN4 to discuss how to adapt PDSCH requirements by assuming that only side control information transmission is expected over the C-link of NCR-MT.

PDCCH Requirements
Test parameters for PDCCH for IAB-MT is summarized in [4] Table 8.2.2.2.1-1 for conducted conformance testing, Table: 11.2.2.1.2.1-1 for radiated conformance testing of IAB type 1-O and Table: 11.2.2.1.2.1-1 for IAB type 2-O.
[bookmark: _Toc132047371]For IAB-MT, three different Aggregation Levels are considered (2, 4, and 8).
[bookmark: _Toc132047372] For NCR-MT, RAN4 to reduce the Aggregation Level in PDCCH requirements to only 2 and/or 4.
	Frequency Range
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Aggregation level

	FR1
	5/30
	2

	
	
	4

	FR2
	50/120
	2

	
	
	4



[bookmark: _Toc132047373]RAN4 to discuss how to adapt PDCCH requirements to the side control information transmission over the C-link of NCR-MT.

CSI Reporting Requirements
In [4] the CSI reporting mainly related to CQI reporting as well as PMI and RI reporting. Concerning the PMI and RI reporting, in [3], the inclusion of PMI and RI for IAB was discussed.
Similar to the arguments in [3], we expect that the deployment of NCR functionality is not random. As part of the network, strong LoS propagation conditions for the deployment of NCR might be preferable in the network planning. Hence, NCR will have stable link quality without sporadic interference. With considerably stable radio environments, the usefulness of PMI and RI reporting is limited as their values would not change frequently. While practical NCR can support PMI and RI reporting, their values can be hardcoded, and NCR will then rely on SSB beams.
[bookmark: _Toc132047374]Minimum performance requirements for IAB covers PMI and RI reporting. Nonetheless, NCR-MT is expected to be deployed in a fixed location, and its C-link is needed only for the transmission of very low data rate side control information.
[bookmark: _Toc132047375] Do not introduce PMI reporting requirements for NCR-MT.
[bookmark: _Toc132047376]Do not introduce RI reporting requirements for NCR-MT.

[bookmark: _Toc116995848]Conclusion
In this paper, we describe our initial views on the demodulation performance requirements for NCR-MT. We propose several aspects to be considered in defining the demodulation performance requirements, such as the same frequency bands for both NCR-MT and NCR-Fwd, minimum carrier bandwidth in FR1 and FR2, and the low data rate to be communicated via C-link. In the following, we provide the summary of our Observations and Proposals:
Observation 1: Same operating frequency band of NCR-MT and NCR-Fwd is prioritized in the SI. Furthermore, same large-scale properties of the channel are expected for the C-link and backhaul link.
Proposal 1: RAN4 shall assume the same operating frequency band for both the C-link NCR-MT and the backhaul link of NCR-Fwd, when defining demodulation requirements for the C-link.
Observation 2: The test procedures and setup for IAB-MT has the BS-style testing as default.
Proposal 2: As with IAB-MT, there shall be no restriction on the testing style for NCR-MT, but the BS-style testing shall be assumed by default.
Observation 3: There are no performance requirements for PBCH and SDR for IAB-MT defined in TS 38.174.
Proposal 3: There is no need to define requirements for PBCH and SDR for NCR-MT.
Observation 4: NCR will support both TDD and FDD bands in NR FR1 and TDD bands in NR FR2.
Proposal 4: The TDD pattern for both NR FR1 and FR2 and the FDD pattern for NR FR1 shall follow the same patterns as defined for IAB-MT.
Proposal 5: For demodulation requirements, RAN4 shall define requirements for the minimum bandwidth in NR FR1 (5 MHz) and NR FR2 (50 MHz).
Observation 5: As C-link carries only control information, it is expected that it has low data rate and, hence, higher data rate requirements as in IAB-MT are not needed.
Proposal 6: Do not define PDSCH requirements for 64QAM and 256QAM and their corresponding Fixed Reference Channel for NCR-MT.
Proposal 7: Do not define PDSCH requirements for 2-layer, 3-layer, and 4-layer, and only consider adapt PDSCH requirements of IAB-MT for 1-layer.
Proposal 8: RAN4 to discuss how to adapt PDSCH requirements by assuming that only side control information transmission is expected over the C-link of NCR-MT.
Observation 6: For IAB-MT, three different Aggregation Levels are considered (2, 4, and 8).
Proposal 9: For NCR-MT, RAN4 to reduce the Aggregation Level in PDCCH requirements to only 2 and/or 4.
Proposal 10: RAN4 to discuss how to adapt PDCCH requirements to the side control information transmission over the C-link of NCR-MT.
Observation 7: Minimum performance requirements for IAB covers PMI and RI reporting. Nonetheless, NCR-MT is expected to be deployed in a fixed location, and its C-link is needed only for the transmission of very low data rate side control information.
Proposal 11: Do not introduce PMI reporting requirements for NCR-MT.
Proposal 12: Do not introduce RI reporting requirements for NCR-MT.
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