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Introduction
In RAN1#109-e [1], the TR skeleton and side control information for NCR were discussed, and following agreements were made:
	Agreement
The TR skeleton for TR 38.867 Study on NR network-controlled repeaters is endorsed in R1-2205231.
Note: Cost analysis on network controlled repeaters can be captured in the annex pending RAN1 consensus
Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion
Agreement
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the case that beam at NCR for both C-link and backhaul-link cannot be changed.
Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.
Agreement
For the timing of NCR, the following assumption is considered as baseline:
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd
Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information
Agreement
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
Agreement
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.
Agreement
Capture the following assumption of network-controlled repeater in TR 38.867.
· At least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in same frequency range.
· The NCR-MT and NCR-Fwd operating in the same carrier is prioritized for the study.
Agreement
Capture the following assumption of network-controlled repeater in TR 38.867.
· 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 operating in same carrier). 
Agreement
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.
Agreement
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd
Agreement
Recommend to capture the following observation in TR 38.867:
· The benefits of power information used to control the behavior of NCR-Fwd for the DL of access link and/or UL of backhaul link are observed by the following inputs:
· [Source-1, Huawei] shows that for the uplink transmission via NCR, a fixed NCR amplifying gain may lead to interference to the gNB or NCR UL coverage loss. For the downlink transmission via NCR, a fixed NCR amplifying gain may lead to NCR RU saturation or NCR DL coverage loss.
· [Source-2, vivo] shows that the optimal system performance can be achieved when repeater’s gain is set to a proper value.
· [Source-3, ETRI] shows that dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration.
· [Source-4, Ericsson] mentions that the gain control is needed for self-interference management due to repeater oscillation.
· This agreement does not change the prioritization of PC
Agreement
The controlling of the amplifying gain of NCR-Fwd is considered to enable the power control of NCR-Fwd if PC is recommended as side control information for NCR in Rel-18
· FFS: Controlling of the transmission power of NCR-Fwd
Agreement
Recommend to capture the following examples of the transmission/reception of C-link and backhaul link by NCR in TR 38.867.
· 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
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
· Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability



In this contribution, we evaluate the coverage performance of NCR in both FR1 and FR2 in Section 2, provide some cost analysis of NCR deployment in Section 3, and discuss the remaining issues of side control information to enable NCR in Section 4. 

Coverage performance 
The coverage performance for both FR1 and FR2 has been evaluated extensively in the Rel-17 coverage enhancement SI. The performance of the UL and DL channels are summarized in 5.1.2 for FR1 and 5.2.2 for FR2 [3], and the observations for Urban FR1 O2I and FR2 O2I are quoted below: 
	From the representative values for Urban 4GHz TDD scenario, the following observation is made: 
-	PUSCH for eMBB with frame structure DDDSU is the worst channel in terms of MIL, and can be the coverage bottleneck for the given scenario. 
-	In order to achieve the target MPL calculated from 400m ISD, the following channel(s) needs to be enhanced:
-	PUSCH for eMBB with frame structure DDDSU
-	PUSCH for eMBB with frame structure DDDSUDDSUU
-	In order to achieve the target MPL calculated from 500m ISD, the following channel(s) needs to be enhanced:
-	PUSCH for eMBB with frame structure DDDSU
-	PUSCH for eMBB with frame structure DDDSUDDSUU 
-	PUSCH for VoIP with frame structure DDDSU
-	However as shown by standard deviation in the table, this additional gain may be achieved by the existing technologies or parameter optimization, which means that new a functionality in Rel-17 is not always required. 
-	PUSCH for VoIP with frame structure DDDSUDDSUU
-	However as shown by standard deviation in the table, this additional gain may be achieved by the existing technologies or parameter optimization, which means that a new functionality in Rel-17 is not always required. 
-	PUCCH format 3 with 22 bit payload
-	PRACH Format B4
-	However as shown by standard deviation in the table, this additional gain may be achieved by the existing technologies or parameter optimization, which means that a new functionality in Rel-17 is not always required. 
From the representative values for Urban 28GHz TDD NLOS O2I scenario, the following observations can be made: 
For the 1st priority channels (with more than 2 available samples):
-	With absolute MPL target corresponding to ISD target 200m, only PDCCH can meet the absolute MPL target. 1st priority channels which do not meet the absolute MPL target are:
-	PUSCH eMBB DDDSU
-	PUSCH eMBB DDSU
-	PUSCH VoIP DDDSU
-	PDSCH eMBB DDSU
-	PUCCH Format 1
-	PUCCH Format 3 11bits
-	PUCCH Format 3 22bits
-	SSB
-	PRACH Format B4: 20.30dB
-	PDCCH of Msg2
-	PUSCH of Msg3
-	PDSCH of Msg4
-	PDSCH eMBB DDDSU
-	PUSCH VoIP DDSU


The general observation from the Rel-17 coverage enhancement SI is that for FR1, the coverage bottleneck is uplink channels and the coverage gap is only up to several dBs, while for FR2, there is coverage bottleneck for both downlink and uplink and the performance gap can be up to more than 10 dB. In Rel-17, several enhancements including joint channel estimation, TB processing over multiple slot, and enhanced repetitions have been specified to compensate the coverage gap of PUSCH, PUCCH, and Msg3. The uplink channels are to be further enhanced in a dedicated Rel-18 WI. The target coverage for FR1 is expected to be fulfilled by Rel-17 and Rel-18 coverage enhancements. In contrast, it is anticipated the coverage for FR2 will be still challenging considering the larger performance gap in both UL and DL. From this perspective, it can be expected that NCR is more beneficial to improve the coverage performance for FR2 deployment.
[bookmark: _Ref109036218][bookmark: _Ref101892553]Observation 1: The target coverage for FR1 is expected to be achieved by the Rel-17/Rel-18 coverage enhancements while the target coverage for FR2 is challenging considering the larger performance gap in both UL and DL. 
[bookmark: _Ref102119792]Observation 2: NCR is expected to be more beneficial to improve the coverage performance for FR2 deployment. 
Evaluation assumptions  
To further investigate the coverage performance of NCR, we provide some evaluations in this section. The network topology with NCR is shown in Figure 1. More detailed assumptions are listed in Table 1 and mostly same as ones in the Rel-17 coverage enhancement study in TR 38.830 [3]. 
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(a) FR1
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(b) FR2


[bookmark: _Ref110609917]Figure 1 Network topology with NCR




[bookmark: _Ref100828630]Table 1 Assumptions for performance analysis 
	Parameters 
	FR1
	FR2

	Frequency (GHz)
	4
	28

	Bandwidth (MHz)
	DL 100 MHz
UL 10.8 MHz (30 RB)
	DL 100 MHz
UL 43.2 MHz (30 RB)

	gNB EIRP (dBm)
	70
	65

	UE EIRP (dBm)
	26
	29

	Channel model for NCR-UE and gNB-UE
	NLOS
	NLOS

	Channel model and distance for gNB to NCR
	LOS, 200 m
	LOS, 100m

	Pathloss model  
	UMa
	UMa

	NCR gain (dB)
	65
	90

	Required RSRP (dBm) at target data rate 
	DL -125 dBm @ 10 Mbps
UL -126 dBm @ 1 Mbps
	DL -113 dBm @ 25 Mbps
UL -114 dBm @ 5 Mbps

	Shadowing and Penetration margin (dB) 
	12.36 dB for gNB-NCR
13.85 dB for NCR-UE
24.39 dB for gNB-UE
	12.36 dB for gNB-NCR
13.85 dB for NCR-UE
26.41 dB for gNB-UE


Evaluation results  
In Figure 2 and Figure 3, the performance of gNB-NCR-UE link (gNB to UE via NCR only) and gNB-UE link (gNB to UE directly) are compared for FR1 and FR2 respectively. For the case without NCR, the overall distance from gNB to UE is the sum of gNB-to-NCR distance and NCR-to-UE distance. 
For FR1 as shown in Figure 2, when the NCR-to-UE distance ranges from 20m to 200m, the gNB-to-UE distance ranges from 220m to 400m, which corresponds to an inter-site distances (ISD) from 330m to 600m. For a target data rate of 10 Mbps, it can be observed that a UE is better served by the gNB directly rather than via NCR for a NCR-to-UE distance larger than ~50m. For FR2 as shown in Figure 3, when the NCR-to-UE distance ranges from 20m to 100m, the gNB-to-UE distance ranges from 120m to 200m, which corresponds to an ISD from 180m to 300m. For a target data rate of 25 Mbps, it can be observed that a UE is better served via the NCR rather than by gNB directly. Similar observations can be also made for UL. 
The evaluation results further verify Observation 1 that NCR provides much more coverage extension benefits for FR2 than FR1 since the target coverage for FR1 can be achieved even without NCR while the target coverage performance can only be achieved with NCR for FR2.
[bookmark: _Ref102059028][bookmark: _Ref102119900]Proposal 1: Capture the above evaluation results and the following observations into TR 38.867
· According to the evaluation results, the target coverage for FR1 can be achieved without NCR while the target coverage performance can only be achieved with NCR for FR2. 
· NCR provides much more coverage extension benefits for FR2 than FR1.

Based on the above discussion, we propose the following text proposal for TR 38.867, section 9:
	Text Proposal 1
Based on evaluation methodology defined for NR coverage enhancements [TR 38.830], the performance of NCR is evaluated for FR1 and FR2 in R1-2205875. 
For FR1, the target data rates are 10 Mbps for downlink and 1 Mbps for uplink, target ISD is 500m. The coverage performance is evaluated assuming gNB EIRP 70 dBm, UE EIRP 26 dBm, NCR with DL EIRP 32 dBm and gain 65 dB. It is observed:
· The achieved ISD by gNB only can be up to m for both uplink and downlink. The target coverage for FR1 can be achieved without NCR. 
· UE is better served by the gNB directly for a NCR-to-UE distance larger than ~50m (gNB-to-UE distance larger than 250m), and a UE is better served by the gNB via NCR for a NCR-to-UE distance less than ~50m (gNB-to-UE distance less than 50m). 
For FR2, the target data rates are 25 Mbps for downlink and 5 Mbps for uplink, target ISD is 200m. The coverage performance is evaluated assuming gNB EIRP 65 dBm, UE EIRP 29 dBm, NCR with DL EIRP 40 dBm and gain 90 dB. It is observed: 
· The achieved ISD by gNB only can be up to m for both downlink, and up to m for uplink. The downlink target coverage for FR2 can be achieved without NCR, and the uplink target coverage for FR2 can be achieved with NCR. 
· UE is better served by the gNB via NCR for the evaluated distance. The downlink coverage can be extended to an ISD of m, and the uplink coverage can be extended to an ISD of m. 
The evaluation results show that NCR provides much more coverage extension benefits for FR2 than FR1, and FR1 target coverage can be achieved without NCR. 
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(a) DL coverage
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(b) UL coverage


[bookmark: _Ref110518867]Figure 2 Performance of the gNB-UE link and gNB-NCR-UE link for FR1
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(a) DL coverage
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(b) UL coverage


[bookmark: _Ref99896176]Figure 3 Performance of the gNB-UE link and gNB-NCR-UE link for FR2

Deployment cost analysis 
NCR is an enhancement over conventional RF repeaters to extend the network coverage in a cost-effective manner. It was also highlighted in the SID [2] that cost efficiency is a key consideration point for network-controlled repeaters. In this section, we provide some quantitative cost analysis for NCR and IAB which are two different means to offer network coverage. 
The evaluation is performed for a realistic geographic area where 10 gNBs are deployed to be provide the basic coverage as shown in Figure 4, then additional IAB nodes or NCR nodes are added to achieve the target coverage. We analyzed the number of additionally required nodes to achieve a target coverage, the results are shown in Figure 5. Three network deployment strategies are considered: 
· gNB + NCR, 
· gNB + IAB (EIRP 50 dBm)
· gNB + IAB (EIRP 60 dBm)
The NCR BH and AC are operated in full duplexing mode, and IAB DU and MT are assumed to be TDMed. Therefore, the NCR is assumed to be with a lower EIRP than IAB. The locations of the additional IAB and NCR nodes are selected such that the minimum number of additional nodes are required. The results are obtained by system level simulation given the three different deployment strategies.
The evaluation assumptions are given in Table 2. From the evaluation results in Figure 5, 55 NCR nodes are required to achieve the target coverage while 30 (or 14) IAB nodes are required with EIRP 50 dBm (or EIRP 60 dBm). 
[bookmark: _Ref102133735]Observation 3: To achieve the same target coverage, NCR-based network deployment requires many more additional nodes than IAB-based network deployment. 
[bookmark: _Ref102120708]Table 2 Evaluation scenario and assumption 
	Parameters 
	Assumptions 

	Frequency (GHz)
	28

	Bandwidth (MHz)
	100 MHz

	TRP EIRP (dBm)
	65

	Network Layout
	Hexagonal cellular network for a practical map shown in Figure 4, ISD  400m
NCR/IAB nodes are connected to gNB with one hop

	Area size (km2)
	1.6 km2

	Number of gNBs
	10 

	Deployment of NCR/IAB
	Best location with minimum number of additional nodes for the target coverage  

	NCR/IAB height
	10 m

	IAB EIRP (dBm)
	50, 60

	NCR EIRP (dBm)
	40

	Target coverage
	95% @ 25 Mbps 



[image: ]
[bookmark: _Ref100846637]Figure 4 Evaluated area (~1.6 km2)
[image: ]
[bookmark: _Ref100600796]Figure 5 Required number of additional nodes for achieving 95% coverage 
Then, the overall cost of the network with different number of additional nodes are analyzed. To deploy an additional node, the cost is composed of equipment cost and site cost (including site planning, acquisition, construction, power supply, installation, etc.). According to the analysis in [4] [5], some typical costs are excerpted as in Table 3. Though there is no equipment cost data for IAB and NCR, it is reasonable to assume that the cost of IAB can be comparable to the cost of a large enterprise CPE, and the NCR is of lower cost than IAB. Taking new-building and leasing as example, the site cost depends on many factors, and they are different for different cases. Among the factors, we assume site acquisition and installing are required for both cases. Then, the total cost of leasing a site is at least $2,279.27+2,900+9,475.84 = $14,655.11, and total cost of building a new site is at least $14,154+2,900+9,475.84 = $26,529.84, where the former one is almost a half of the later one. 
[bookmark: _Ref110704432]Observation 4: The cost of building or leasing a new site is much higher than the equipment cost, and the cost of leasing a site can be a half of that for building a new site. 

[bookmark: _Ref110703175]Table 3 Typical cost in [4] [5]
	Reference 
	Description and range of estimated cost 

	[4]
	Large Enterprise CPE: $6,400~25,000
Site leasing: $100+450+1250+479.27=$2279.27
Site Acquisition: $2,900~8,797.5
Install RRH/RRU: $9475.84~12,634.46
Build new monopole: $14,154~36,063

	[5]
	Total cost for a new small site: $20,700 (China), $33,000 (Europe), $43,000 (US)



We take the equipment cost of IAB node with EIRP = 50 dBm to be 1 as a reference (i.e., the unit of cost), the IAB node with EIRP = 60 dBm is assumed to 2. The NCR equipment cost is assumed to be one of [1/5, 1/4, 1/3, 1/2, 2/3, 1], which are not larger than an IAB node equipment cost. The site cost of IAB nodes of EIRP 50 dBm and EIRP 60 dBm are assumed to be the same, and the site cost of NCR is assumed to be a 0.8 times of IAB. Three types of site costs are assumed, which are assumed to be deployed on power/light pole, rooftop, new pole or site, respectively. The detailed assumptions are given in Table 4, and the cost assumptions cover a wide range of the deployment scenarios as given in [4] [5]. 
[bookmark: _Ref100481094]Table 4 Cost of NCR and IAB nodes
	Node type 
	NCR
	IAB (EIRP 50 dBm)
	IAB (EIRP 60 dBm)

	Equipment cost
	1/5, 1/4, 1/3, 1/2, 2/3, 1
	1
	2

	Site cost
	Case 1
	0.4
	0.5
	0.5

	
	Case 2
	0.8
	1
	1

	
	Case 3
	1.6
	2
	2



The costs for the three network deployments are shown in Figure 6. As shown in the figure, a larger EIRP is more cost efficient for the IAB nodes. NCR is only more cost efficient when its site cost is 0.4, equipment cost is 1/5 of IAB (EIRP 50 dBm) or 1/10 of IAB (EIRP 60 dBm), and the cost saving is only 6%. In all the other cases, the cost of gNB + NCR is much higher than gNB + IAB, i.e. it is less cost efficient. 
[bookmark: _Ref109548548][bookmark: _Ref100490190]Observation 5: Since NCR based deployment would require many more nodes in order to achieve the same target coverage, the equipment/site cost of NCR must be significantly low in order to be more cost efficient compare to IAB based deployment. 
[bookmark: _Ref109548430]Proposal 2: Capture the evaluation results and the following observations in TR38.867
· To achieve the same target coverage, NCR-based network deployment requires many more additional nodes than IAB-based network deployment.
· The equipment cost of NCR must be significantly lower than IAB node in order to be more cost efficient compare to IAB based deployment.
Based on the above discussion, we propose the following text proposal for TR 38.867, Annex:
	Text Proposal 2
The costs of NCR-assisted deployment are evaluated and compared to that of IAB-assisted deployment in R1-2205875. The methodology for cost analysis is: 
· The minimum number of required additional nodes are evaluated. Based on a realistic geographic area where 10 gNBs are deployed to be provide the basic coverage as shown in Figure 4. Then a number of additional IAB nodes or NCR nodes are added to achieve the target coverage, and the location of the additional nodes are chosen such that a minimum number of additional nodes are required for the target coverage. 
· The deployment cost is composed of equipment cost and deploying cost. A wide range of cost assumptions are assumed for evaluation, and the cost assumptions are according to [4] [5]. 
· The equipment cost of IAB node with EIRP = 50 dBm is assumed to be the unit of cost. 
Based on the evaluations, it is observed: 
· The NCR-based network deployment requires many more additional nodes than IAB-based network deployment such as to achieve the same target coverage. 
· The total cost of NCR-based deployment is only lower than IAB-based deployment at the assumptions of: NCR equipment cost = 1/5 and site cost = 0.4. 
· The total cost of NCR-based deployment is higher than IAB-based deployment at the remaining assumptions of: NCR equipment cost in any of {1/4, 1/3, 1/2, 2/3}, NCR site cost in any of {0.4, 0.8, 1.6}, IAB (EIRP = 60 dBm) site cost in any of {0.5, 1, 2}. 
The evaluation results show that IAB-based deployment is of much lower total cost than NCR-based cost in most cases. 
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(a) IAB site cost = 0.5, NCR site cost = 0.4
[image: ]
(b) IAB site cost = 1, NCR site cost = 0.8
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(c) IAB site cost = 2, NCR site cost = 1.6
[bookmark: _Ref100651357]Figure 6 Deployment cost of additional nodes 

Side control information 
Beam information 
It was agreed that beam information is beneficial at least for NCR-Fwd backhaul link in FR2. In addition, there are some further agreements on beam determination and indication for C-link, NCR-Fwd backhaul link and access link
· Both fixed beam and adaptive beam can be considered for both C-link and backhaul-link. 
· The same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by NCR-Fwd. 
· Both dynamic indication and semi-static indication can be considered for access link. 
In this section, we discuss the following two issues on beam determination, and how to indicate the beam is discussed in our companion paper [7].
· What is the maximum number of beams that can be configured for NCR-Fwd access link? 
· How to determine the beam(s) for NCR-Fwd backhaul link?
Maximum number of beams for NCR-Fwd access link
The beams configured for NCR-Fwd access link are used to support beam sweeping which will impact the network overhead. As an example shown in Figure 7 (a), a gNB has  SSB beams, an NCR has  access beams (the total number of beams at NCR-Fwd access link). To enable beam sweeping at the NCR, the gNB needs to allocate some additional resources, e.g. SSBs, to the NCR using the same backhaul beam so that each time NCR can forward the signal using a dedicated access beam. In this way, beam sweeping can be done for the access link between NCR and UE. In total, the gNB transmits  signals (e.g., SSB) at , of which  signals are forwarded by the NCR. Here, it is assumed that one of the  beams (e.g., gNB beam  at ) is forwarded by the NCR after being identified during the NCR access procedure, to reduce the number of additional required beams. 
Based on the above analysis, the total number of required SSB/CSI-RS beams for different number of NCRs can be derived. Assuming  and , the total number of required gNB SSBs and the overhead is shown in Figure 7 (b) for FR2. In the figure, only the overhead of SSB is shown, and the actual overhead for gNB is much larger considering the associated PRACH and SIB1. When there are more than two NCRs attached to the gNB, the total number of required SSBs exceeds 64 which cannot be supported by current specification. 
[image: ]
(a) SSB beam sweeping for a gNB with an NCR
[image: ]
(b)  Required number of gNB SSB beams and SSB overhead
[bookmark: _Ref101432225]Figure 7 SSB sweeping with NCR 
From another perspective, NCR-Fwd is designed to cover a target coverage area with a certain number of access beams. However, it can generate a large number of access beams (e.g., oversampled beams). Since the overhead at gNB will increase with the number of access beams employed at the NCR, it is critical that the gNB can have the flexibility to configure a smaller number of access beams used by the NCR, not simply according to the maximum number of the beams that can be supported by the NCR. 
In NR, wide beams can be used for SSB and broadcast channels while narrower beams can be used for CSI-RS and unicast channels. The same coverage can be achieved with a smaller number of required SSBs of larger beam width. To reduce the number of required SSBs by NCR, the same design principle should be supported. That is, a smaller number of SSB beams can be used for NCR-Fwd access, and gNB can configure the number of SSB beams and CSI-RS beams independently. 
Moreover, the maximum number of SSB beams and CSI-RS beams at NCR-Fwd access link should be limited, otherwise the access link beamforming implementation may lead to high gNB overhead or reduced coverage. For example, an NCR is used to extend the gNB coverage for a target area with horizontal coverage range  and vertical coverage range . As shown in Figure 8, NCR can use different sets of access beams with different beamwidths to forward the SSB signals, the number of beam sets and the number of beams in each set are up to NCR implementation. However, if there is no limitation on the maximum number, an NCR may only generate a set of 16 narrowest beams ({AC#5~AC#20}). gNB has to allocate 16 backhaul SSB beams for NCR so as to cover the hole and high overhead is introduced, or gNB allocates less than 16 SSB beams and only part of the area can be covered. On the other hand, if the maximum number is limited, the NCR will provide more beam sets with different widths, e.g., beam set {AC#0}, beam set {AC#1~AC#4}. Then, gNB has more flexibility to cover the hole by configuring either AC#0 or {AC#1~AC#4} for NCR to forward the SSBs. As we can see, there is tradeoff between gNB overhead and coverage range if NCR only generates the set of narrowest beams at access link. To guarantee the gNB’s configuration flexibility, as well as overhead and coverage range, it is better to limit the maximum number of SSB and CSI-RS beams at the access link.  
[image: ]
[bookmark: _Ref101961974]Figure 8 NCR-Fwd access beams with different beam width

From the above analysis, we have the following observations and proposals: 
[bookmark: _Ref109548480][bookmark: _Ref100828284]Observation 6: To enable beam sweeping for NCR-Fwd access link, the gNB has to allocate additional backhaul beams for the NCR-Fwd, leading to an increase of overhead. And the overhead increases with number of access beams at the NCR-Fwd and the number of associated NCRs.
[bookmark: _Ref101943952]Observation 7: If the maximum number of SSB beams and CSI-RS beams are not limited, an NCR may only generate a large number of narrowest beams on access link. As a result, either a high gNB overhead is introduced or NCR coverage is reduced, and the gNB configuration flexibility is impacted.
[bookmark: _Ref100828296]Proposal 3: The number of SSB and CSI-RS beams that can be used by the NCR-Fwd access should be independently configured by the gNB.
[bookmark: _Ref101450854]Proposal 4: For NCR-Fwd access link, the maximum number of SSB beams and CSI-RS beams should be limited. 

Beam determination for NCR-Fwd backhaul
For the backhaul link, the gNB beam and NCR-Fwd backhaul beam can be determined based on NR beam management (BM) procedure for downlink or uplink:
· Downlink BM procedure: as shown in Figure 9(a), gNB configures and transmits CSI-RS resources with different beams, NCR-MT measures the signals and reports to gNB. Moreover, the NCR-MT beam can be further refined by gNB transmit CSI-RS resources with repetition ON, as shown in Figure 9(b). If gNB transmits different signals with different beams, e.g., SSB and CSI-RS, NCR-MT can obtain its best reception beam for each gNB beam. Based on the measurement reports, e.g., RSRP, gNB determines and indicates its transmitting/receiving beam(s) for the NCR-MT. For each indicated gNB beam, the NCR-MT can find the backhaul beam at NCR-Fwd. 
· Uplink BM procedure: as shown in Figure 10(a), gNB configures NCR-MT to transmit SRSs with a same beam, and gNB receives the SRS signals with different beams, such as to determine a gNB beam for the backhaul link. Moreover, the NCR-MT beam can be further refined by gNB configuring the SRS resources to be transmitted with different beams, as shown in Figure 10(b). Based on the measurement, gNB find the NCR-MT beam and indicate the beam for the NCR-MT, then the NCR-MT beam is used for NCR-Fwd.
Base on the above discussions, we have the following observation: 
[bookmark: _Ref109548493]Observation 8: Backhaul beam at NCR-Fwd can be determined based on either DL or UL BM procedure: 
· By the DL BM procedure, NCR-MT performs measurements and reports, gNB indicates a gNB beam for NCR-MT, NCR-MT determines the backhaul beam at NCR-Fwd according to the gNB beam. 
· By the UL BM procedure, gNB performs measurements and indicates a NCR-MT beam, NCR-MT takes the indicated the beam for NCR-Fwd. 
[bookmark: _Ref109548447]Proposal 5: For the NCR-Fwd backhaul link, the beam can be determined either by gNB beam indication or by NCR-MT beam indication from gNB. 
Based on the above discussion, we propose the following text proposal for TR 38.867, section 6.1:
	Text Proposal 3
<---- unchanged part omitted ---->
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link. For the backhaul link, the beam at NCR-Fwd can be determined either by gNB beam indication or by NCR-MT beam indication from gNB based on NR beam management procedure and beam indication signaling. if the The NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd (FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link). The same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.
For the access link, at least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link (FFS: Detailed mechanism of indication. Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion). However, it is also observed that beam sweeping at NCR-Fwd access link increases overhead at gNB. More seriously, the number of required SSBs at gNB may be larger than 64. For example,  gNB is with 32 SSBs, 4 NCRs are attached to the gNB, and 16 beams are required at each NCR, the total number of required SSBs can be up to 92. To control the overhead, gNB should have the flexibility to configure the number of SSB beams and CSI-RS beams independently for NCR-Fwd. The maximum number of SSBs and CSI-RS at NCR access link should also be limited such as to enable the configuring flexibility at gNB. The beam correspondence is assumed for the DL/UL of the access link at NCR-Fwd.
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(a) gNB beam sweeping
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(b) NCR-MT beam sweeping


[bookmark: _Ref109139378]Figure 9 Backhaul link beam based on DL BM procedure
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(a) gNB beam sweeping
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(b) NCR-MT beam sweeping


[bookmark: _Ref109141130]Figure 10 Backhaul link beam based on UL BM procedure

Timing 
The baseline NCR-Fwd timing is shown in Figure 11, where the DL receiving timing of NCR-Fwd is aligned with the DL receiving timing of the NCR-MT, and the UL transmitting timing of NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT. For the DL transmitting timing and UL transmitting timing of the NCR-Fwd, the impact of internal delay should be considered. It is straightforward that DL transmitting timing of NCR-Fwd can be delayed after the DL receiving timing of the NCR-MT by a duration of the internal delay, and UL transmitting timing of NCR-Fwd can be advanced before the UL receiving timing of the NCR-MT by a duration of the internal delay. Furthermore, the internal delay is introduced by the signal amplifying and forwarding, which is known to the NCR. As a result, the DL transmitting timing and UL transmitting timing of the NCR-Fwd can be derived without extra signaling between gNB and NCR.  
[bookmark: _Ref102119919]Proposal 6: The timing relationship of NCR-Fwd will be impacted by the internal delay as follows: 
· DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT by a time duration of the internal delay; 
· UL transmitting timing of the NCR-Fwd is advanced before the UL receiving timing of the NCR-MT by a time duration of the internal delay. 
Based on the above discussion, we propose the following text proposal for TR 38.867, section 6.2:
	Text Proposal 4
For the timing of NCR, the following assumption is adopted considered as baseline (FFS: the impact of internal delay on the following timing relationships: The DL receiving timing and DL transmitting timing of the NCR-Fwd/The UL transmitting timing and UL receiving timing of the NCR-Fwd):
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT by a time duration of the internal delay; 
· The UL transmitting timing of the NCR-Fwd is advanced before the UL receiving timing of the NCR-MT by a time duration of the internal delay.
It’s conclude that legacy UE mechanism is sufficient to achieve DL/UL timing for NCR-MT.



[image: ]
[bookmark: _Ref101434902]Figure 11 Timing for NCR-Fwd

UL-DL TDD configuration
NR defines a flexible UL-DL TDD assignment framework, and transmission directions for time-domain resources can be configured either semi-statically or dynamically. However, only semi-static UL-DL TDD configuration are deployed in practical deployment to avoid unnecessary cross-link interference among gNBs as well as the UEs. With NCR, the cross-link interference over flexible symbols may become more serious. For example in Figure 12, the flexible symbols for gNB1 and gNB2 are indicated as downlink and uplink receptively, and NCR performs uplink forwarding to gNB2 at the flexible symbols. As a result, the NCR forwarding over the flexible symbols will leads to extra interference for the network. 
[bookmark: _Ref111196098]Observation 9: The NCR forwarding over flexible symbols will bring higher cross link interference for the network.
For flexible slots/symbols, the NCR-Fwd does not know whether it is UL or DL, hence it is more efficient for the NCR-Fwd to be OFF in order to save power and reduce the potential interference to the network. 
On the other hand, the dynamic UL/DL assignment can be supported by SFI via DCI format 2_0, i.e. NCR-MT can be configured with DCI format 2_0 to dynamically determine the UL/DL directions. It is not clear whether there is a need to define a duplicated function achieve the same purpose. 
[bookmark: _Ref100828305]Proposal 7: NCR-Fwd is always OFF on the flexible symbols and no specific standardization effort is required to support dynamic TDD UL/DL indication for NCR. 
Based on the above discussion, we propose the following text proposal for TR 38.867, section 6.3:
	Text Proposal 5
For the TDD UL/DL configuration of network controller repeater, at least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link(FFS: handling of flexible symbols). NCR-Fwd is always OFF over on the flexible symbols, and no specific standardization effort is required to support dynamic TDD UL/DL indication for NCR:
· NCR-Fwd is always OFF over the flexible symbols. 
· NCR-Fwd performs downlink signal forwarding at semi-static DL symbols. 
· NCR-Fwd performs uplink signal forwarding at semi-static UL symbols.
The same TDD UL/DL configuration is always assumed for backhaul link and access link. Additional, the same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.



[image: ]
[bookmark: _Ref110434926]Figure 12 Cross-link interference at flexible symbols involving NCR

ON-OFF 
To avoid unnecessary noise rise caused by NCR-Fwd, the most efficient way is to turn OFF when there is no traffic. However, the coverage of gNB broadcast channels should not be impacted by NCR-Fwd OFF, such as SSB, PRACH, and SIB1. For example, if an NCR is used to extend the coverage of a SSB, then NCR-Fwd OFF over the SSB transmission time should be avoided. For the remaining channels/signals forwarded by NCR, turning ON can be in an on-demand manner under network control. OFF can be set as a default state for NCR-Fwd if not configured or indicated to be ON. Moreover, the ON state is accompanied by beam/power indication. Overall, there seems no need to have a dedicated control information for ON-OFF information.
[bookmark: _Ref101297627]Observation 10: If an NCR is used to extend the coverage of a broadcast channel (e.g., SSB, PRACH, SIB1), NCR-Fwd OFF over the broadcast channel time will lead to coverage hole. 
[bookmark: _Ref102119859]Observation 11: OFF can be a default state for NCR-Fwd if not configured or indicated to be ON while ON indication is accompanied by beam/power indication.
[bookmark: _Ref101360034]Proposal 8: The forwarding of broadcast channels should be always ON. 
[bookmark: _Ref102119933]Proposal 9: There is no need to have a dedicated control information for ON-OFF information for NCR-Fwd.
Based on the above discussion, we propose the following text proposal for TR 38.867, section 6.4:
	Text Proposal 6
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd. However, NCR-Fwd OFF over the broadcast channel time will lead to coverage hole. To guarantee the coverage performance, the forwarding of broadcast channels (e.g., SSB, PRACH, SIB1) should be always ON. (FFS: Detailed mechanism of ON-OFF indication and determination FFS: explicit indication or implicit indication of ON-OFF information)
The following options can be is considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information). No specific standardization effort is required to support ON-OFF control NCR.
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.



Power control 
If a fixed amplifying gain is adopted, the NCR-Fwd DL EIRP may change over time for different NCR-Fwd backhaul and access beams. Firstly, a gNB may transmit signal for NCR forwarding with different beams, and the received power for different backhaul beams may be different. Secondly, the antenna gain of NCR-Fwd access beam is expected to different for different beam widths. For the beams as exemplified in Figure 8(a) and Figure 8(c), the difference between the antenna gain can be up to ~12 dB. The time varying DL EIRP may leads to unstable coverage. To compensate the difference of received power or antenna gain, different amplifying gain can be adopted for different NCR-Fwd forwarding beams, e.g., SSB and CSI-RS, as shown in Figure 13. 
[bookmark: _Ref109548500]Observation 12: For NCR-Fwd, different amplifying gains can be used for backhaul beams with different received power and access beams with different width. 
[image: ]
(a) SSB forwarding
[image: ]
(b) CSI-RS forwarding
[bookmark: _Ref109221971][bookmark: _Ref109221963]Figure 13 Signal forwarding with different NCR-Fwd gains 
Typically, the UE transmit power is much lower than that of gNB, and the uplink coverage is the bottleneck compared to downlink coverage [3]. With an NCR, a same DL and UL amplifying gain will leads to a much lower UL coverage distance, as shown in Figure 3. To extend the uplink coverage, a larger gain may be configured for the NCR-Fwd while keeping the NCR-Fwd UL EIRP within a reasonable range. An example is shown in Figure 14, where the evaluation assumptions are same as the ones listed in Table 1 section 2. 
In Figure 14(a), a same UL amplifying gain with DL (90 dB) can achieve a distance of ~35m, a 5 dB higher gain (95 dB) is able to achieve a distance of ~65m, while a 10 dB higher gain (100 dB) is able to achieve a distance of ~65m. For the amplifying gain of 100 dB, the uplink coverage is almost comparable to downlink. In Figure 14(b), the NCR-Fwd UL EIRP is shown, as the NCR-UE distance increases, the UL EIRP decreases. With amplifying gain control, the maximum UL EIRP is not expected to exceed the maximum allowed value defined in [6]. 
[bookmark: _Ref109548504]Observation 13: For NCR-Fwd, a higher NCR-Fwd amplifying gain for UL than DL can be used to improve the uplink coverage. 
	[image: ]
(a) UL performance with NCR
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(b) NCR-Fwd UL output EIRP


[bookmark: _Ref100827310]Figure 14 UL performance with different NCR-Fwd gain 
In [6], downlink and uplink error vector magnitude (EVM) requirements are defined for NR RF repeaters as shown in Table 5. For NCR-Fwd, it is expected that same EVM requirements will be applied. It is well known that a smaller required EVM value needs larger PA back-off, resulting in a lower output power. If the lowest EVM is always enforced at NCR-Fwd, the maximum output power will be reduced. 
[bookmark: _Ref101943453]Observation 14: If the lowest required EVM is always adopted, the maximum output power at NCR-Fwd will be reduced. 
[bookmark: _Ref109223193]Table 5 NR repeater minimum requirements for EVM
	Parameter
	Required EVM for DL
	Required EVM for UL

	Up to 16QAM
	12.5%
	12.5%

	64QAM
	8 % 1
	8% 3

	256QAM
	3.5 % 2
	

	Note 1: support of 64QAM is based on the declaration
Note 2: support of 256QAM is based on the declaration.
Note 3: support of 64QAM is based on the declaration


In light of above discussions, we have the following proposal:
[bookmark: _Ref100828309]Proposal 10: NCR-Fwd with different amplifying gains can be supported considering the following conditions: different backhaul beams, different access beams, UL forwarding for different UEs, different EVM requirements. 
Based on the above discussion, we propose the following text proposal for TR 38.867, section 6.5:
	Text Proposal 7
Power control is beneficial and recommended as the side control information for network-controlled repeater. Different amplifying gain can be adopted for the following conditions: different backhaul beams, different access beams, UL forwarding for different UEs, different EVM requirements. 



Conclusions
The contribution provides our considerations on NCR side control information, and the observations are listed as following:
Observation 1: The target coverage for FR1 is expected to be achieved by the Rel-17/Rel-18 coverage enhancements while the target coverage for FR2 is challenging considering the larger performance gap in both UL and DL. 
Observation 2: NCR is expected to be more beneficial to improve the coverage performance for FR2 deployment.
Observation 3: To achieve the same target coverage, NCR-based network deployment requires many more additional nodes than IAB-based network deployment.
Observation 4: The cost of building or leasing a new site is much higher than the equipment cost, and the cost of leasing a site can be a half of that for building a new site.
Observation 5: Since NCR based deployment would require many more nodes in order to achieve the same target coverage, the equipment/site cost of NCR must be significantly low in order to be more cost efficient compare to IAB based deployment.
Observation 6: To enable beam sweeping for NCR-Fwd access link, the gNB has to allocate additional backhaul beams for the NCR-Fwd, leading to an increase of overhead. And the overhead increases with number of access beams at the NCR-Fwd and the number of associated NCRs.
Observation 7: If the maximum number of SSB beams and CSI-RS beams are not limited, an NCR may only generate a large number of narrowest beams on access link. As a result, either a high gNB overhead is introduced or NCR coverage is reduced, and the gNB configuration flexibility is impacted.
Observation 8: Backhaul beam at NCR-Fwd can be determined based on either DL or UL BM procedure:
· By the DL BM procedure, NCR-MT performs measurements and reports, gNB indicates a gNB beam for NCR-MT, NCR-MT determines the backhaul beam at NCR-Fwd according to the gNB beam. 
· By the UL BM procedure, gNB performs measurements and indicates a NCR-MT beam, NCR-MT takes the indicated the beam for NCR-Fwd. 
Observation 9: The NCR forwarding over flexible symbols will bring higher cross link interference for the network.
Observation 10: If an NCR is used to extend the coverage of a broadcast channel (e.g., SSB, PRACH, SIB1), NCR-Fwd OFF over the broadcast channel time will lead to coverage hole.
Observation 11: OFF can be a default state for NCR-Fwd if not configured or indicated to be ON while ON indication is accompanied by beam/power indication.
Observation 12: For NCR-Fwd, different amplifying gains can be used for backhaul beams with different received power and access beams with different width.
Observation 13: For NCR-Fwd, a higher NCR-Fwd amplifying gain for UL than DL can be used to improve the uplink coverage.
Observation 14: If the lowest required EVM is always adopted, the maximum output power at NCR-Fwd will be reduced. 

The proposals are:
Proposal 1: Capture the above evaluation results and the following observations into TR 38.867
· According to the evaluation results, the target coverage for FR1 can be achieved without NCR while the target coverage performance can only be achieved with NCR for FR2. 
· NCR provides much more coverage extension benefits for FR2 than FR1
Proposal 2: Capture the evaluation results and the following observations in TR38.867
Proposal 3: The number of SSB and CSI-RS beams that can be used by the NCR-Fwd access should be independently configured by the gNB.
Proposal 4: For NCR-Fwd access link, the maximum number of SSB beams and CSI-RS beams should be limited. 
Proposal 5: For the NCR-Fwd backhaul link, the beam can be determined either by gNB beam indication or by NCR-MT beam indication from gNB.
Proposal 6: The timing relationship of NCR-Fwd will be impacted by the internal delay as follows: 
· DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT by a time duration of the internal delay; 
· UL transmitting timing of the NCR-Fwd is advanced before the UL receiving timing of the NCR-MT by a time duration of the internal delay. 
Proposal 7: NCR-Fwd is always OFF on the flexible symbols and no specific standardization effort is required to support dynamic TDD UL/DL indication for NCR.
Proposal 8: The forwarding of broadcast channels should be always ON.
Proposal 9: There is no need to have a dedicated control information for ON-OFF information for NCR-Fwd.
Proposal 10: NCR-Fwd with different amplifying gains can be supported considering the following conditions: different backhaul beams, different access beams, UL forwarding for different UEs, different EVM requirements. 
Proposal 11: Adopt Text Proposal 1 ~ Text proposal 7 for TR 38.867.
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