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Introduction
RAN #94 agreed to study network-controlled repeaters with the following assumptions and scenarios [1]:
	[bookmark: _Hlk108183691]The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.


Specifically, RAN1 was tasked with the following objectives:
	Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information
· Timing information to align transmission / reception boundaries of network-controlled repeater
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)
Study and identify L1/L2 signalling (including its configuration) to carry the side control information [RAN1]


In addition to this contribution, we discuss signaling aspects for the required control information in our accompanying contribution [2].
[bookmark: _Ref178064866]Discussion
General NCR behaviour
For Rel-18 NCR, the following agreements were made in the RAN1#109-e meeting [3].
	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). 


A common configuration in FR2 is that a larger frequency band is divided into multiple, smaller carriers, e.g., an 800 MHz band is divided into eight 100 MHz carriers. One reason for this is that UEs are capable of different bandwidths and the above configuration allows operations of most UEs. In such a configuration, sub-band operation of the NCR would be beneficial since it would allow multiple UEs to simultaneously be served at different locations using different access link beams in the NCR, see one example in Figure 1. For this reason, we propose to include sub-band operation as one mode of operation for an NCR.
[bookmark: _Toc111235452]Support sub-band operation for NCR-Fwd.
[image: ]
[bookmark: _Ref110628578]Figure 1: An example illustrating NCR sub-band operation where the NCR-MT carrier (100MHz) is shared with only one of the NCR-Fwd sub-bands (in total 400MHz).
As a consequence of the sub-band operation, the NCR-MT cannot be expected to cover the full frequency band of the NCR-Fwd (and in many cases does not need all spectrum for side control information transmissions), see Figure 1. Hence, the NCR-MT cannot be expected to always have signal and channel awareness for the signals and channels that are forwarded by the NCR-Fwd. For that reason, the NCR is not expected to have any signal and channel awareness for signals and channels forward by the NCR-Fwd. This assumption should be the baseline for the discussion about the side control information. Particularly, for controlling the access link beamforming of the NCR-Fwd, the gNB should provide a configuration where cell-common signals and channels are prioritized over other signals and channels without requiring any signal and channel awareness at the repeater node. 
[bookmark: _Toc111235453]The NCR-MT is not expected to have complete signal and channel awareness for signals and channels forwarded by the NCR-Fwd. 
[bookmark: _Toc111235454][bookmark: _Toc111235088]The NCR-Fwd is not expected to have any signal and channel awareness, i.e., to know which and when signals and channels are forwarded.
Backhaul link beamforming
For Rel-18 NCR, the following agreements on backhaul link beamforming control were made in the RAN1#109-e meeting [3].
	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
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
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
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


From a network perspective, a repeater is an extension of the gNB, allowing the gNB to bend its beams. As such, the repeater deployment can be assumed to be well-planned and under operator control, with good and stable line-of-sight propagation conditions on the backhaul link. Consequently, at the BS-side, little need is expected for dynamic beamforming, to handle for example channel variations and network interference etc. Particularly, two typical BS-side antenna alternatives can be identified:
1. A well-planned fixed antenna deployment with static beamforming, similar to a traditional backhaul link which typically has 4 to 5 nines link availability, or
2. A UE-like configurable beamforming which is capable to adapt for potential channel variations to large extent.
In the RAN1#109e meeting, it was agreed that both fixed beam and adaptive beam can be considered at NCR for both control link and backhaul link [3]. The first alternative does not require any beam management capability for the backhaul link but has instead a higher demand for link planning, whereas the second alternative has a good trade-off between planning accuracy and implementation complexity, by assuming the legacy UE beam management framework can be re-used. In the simplest and most practical architecture, the BS-side of the repeater may share antenna panels for repeater-MT and repeater-Fwd, respectively, on the backhaul link. This allows beam management to be under repeater-MT control, allowing for reuse of the legacy UE beam management framework. Alternatively, the BS-side may have two separate antenna panels, one for the repeater-MT functionality and one for the repeater-Fwd functionality, respectively. This alterative is hard to motivate, though, considering it would require specification of repeater-Fwd backhaul link beamforming for in-band operation where the repeater-MT and repeater-Fwd will anyway share carriers. Furthermore, it would require the NCR-Fwd to have signal and channel awareness which would substantially increase cost for the NCR. Hence, motivated both by a cost-efficient implementation and a unified beamforming framework for the repeater-MT and repeater-Fwd functionalities, we propose that RAN1 focuses on an architecture with shared repeater-MT and repeater-Fwd antennas on the BS-side.
[bookmark: _Toc102156210][bookmark: _Toc111235455]RAN1 to prioritize an architecture with shared repeater-MT and repeater-Fwd antennas on the BS-side such that repeater-Fwd beamforming can rely on repeater-MT beamforming using the legacy UE beamforming framework.
It was agreed in the RAN1#109e meeting that, as baseline, the same large-scale properties of the channel (e.g., QCL Type-A and Type-D etc) are expected to be experienced by control link and backhaul link, at least when the NCR-MT and NCR-Fwd operate on the same carrier. In addition, the same TCI states as the control link are assumed to be applied to beams at NCR-Fwd for the backhaul link. This means that for the NCR-Fwd the existing NCR-MT’s TCI configuration can be re-used for communication towards the gNB in the backhaul link. In particular, the NCR-Fwd can be associated with a TCI state of the NCR-MT for backhaul operation. Considering the static nature of the backhaul channel, an implicit NCR-Fwd backhaul link TCI can be sufficient, based on, e.g., the NCR-MT’s activated TCI state for PDSCH. 
[bookmark: _Toc111235456]NCR-Fwd reuses existing NCR-MT’s TCI table for communication towards the gNB (i.e., in the backhaul link).
[bookmark: _Toc111235437]the NCR-Fwd can be associated with a TCI state of the NCR-MT for backhaul operation.
[bookmark: _Toc111235438]Unless NCR-MT and NCR-Fwd share TCI state they cannot be scheduled simultaneously.
[bookmark: _Toc111235457]Considering the static nature of the backhaul channel, implicit NCR-Fwd backhaul link TCI is sufficient, based on, e.g., the MT’s most recent PDSCH TCI state.
Access link beamforming
For Rel-18 NCR, the following agreements on access link beamforming control were made in the RAN1#109-e meeting [3].
	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 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 beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd

Agreement
In the access link beam indication, an access link beam can be indicated by:
· Option 1: A beam index
· FFS: How to indicate the corresponding time domain resource of the beam. 
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 
· FFS: How to indicate the corresponding time domain resource of the beam.
· FFS: The definition of the association between the source RS and the beam.
· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.
RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110


The most important enhancement in the Rel-18 repeater, compared to the Rel-17 repeater, is the beamforming capability on the access link, which can provide coverage extension to serve UEs at FR2 frequencies where coverage gaps are assumed common. Consequently, in addition to managing its own transmit and receive beams, the gNB will also need to manage the transmit and receive beams of the repeater, at least on the access side. Similar to a gNB, the beamforming capability of the repeater depends on the implementation which cannot be assumed to be always known to the gNB. It is therefore desirable that the gNB can be informed about the beamforming capabilities of the NCR on access side. The NCR-Fwd access side beam capabilities should at least include a beam arrangement report which describes beam indication information. In the RAN1#109e meeting, two beam indication options were discussed: 
· Option 1: a beam index
· Option 2: an index of a source RS
The legacy beam indication framework based on reference signals are useful for two functionally separated nodes identifying the optimal respective Tx and Rx beams for a common channel (for example a gNB and a UE). In this case, the reference signals are sufficient to enable a communication over the channel, see the left part of Figure 2 below. However, with the NCR being an extension of/under the control the gNB, this is not the situation for the gNB and the NCR addressing the NCR’s access side towards a third independent node, see the right part of Figure 2. 

[bookmark: _Ref110599705]Figure 2: A comparison between the legacy beam indication between gNB and UE and beam indication of NCR access link: (left) the beam indication between gNB and UE, (right) the beam indication between gNB and NCR-Fwd access side.
The repeater operation should allow the gNB to mimic how gNB utilizes its own beams, i.e., know their relative properties, which is not the same as a gNB and UE interaction where the gNB has no interest in knowing about the internal beam properties of the UE, and vice versa. It should be noted that the legacy beam indication framework is based on the gNB and UE both having the channel/signal awareness which, as discussed above, cannot be assumed to be the case for the NCR-Fwd. The NCR-Fwd unit knows neither about reference signals nor what data/signal is being forwarded and can for these reasons not relate to a proper TCI state and its associated reference signal. Considering how gNB controls its beam, which is based on internal spatial information, using a beam ID is a much more efficient method than using TCI states. In fact, the gNB should be able to refer to, or control NCR-Fwd beams even before any possibly RS-based beams indication is established. Without a spatial relation between NCR-Fwd beams, which would be the case with a TCI based beam indication, the performance of RRM measurements can be severely decreased, in particular with an increased number of NCR-Fwd access beams. Instead, using beam indices, the gNB can learn about the spatial arrangement among the repeater node access beams e.g., from a repeater node report, or from gNB measurements, although a measurement-based approach may be less preferred due to the unpredictable complexity, latency and performance, see Figure 3. It should be noted that the legacy measurement-based learning is necessary between the gNB and UE since the UE antenna orientation changes with the UE position. This is not the same for the fixed NCR beam orientation where a reporting-based learning should be both sufficient and efficient.


[bookmark: _Ref110850236]Figure 3: Illustration of a 6x2 beam arrangement. An element in the matrix relates to the spatial directivity of a beam with its associated beam index.

[bookmark: _Toc111235439]A TCI state or RS-based beam indication will severely restrict NCR operation and expandability.
[bookmark: _Toc111235440]Implicit beam indications, e.g., by RS, prevents gNB to know spatial properties of the NCR’s access link.
[bookmark: _Toc111235441]RRM measurements will be simpler and more efficient with a specified beam arrangement, mapping beam index to spatial properties.
[bookmark: _Toc111235458]Access side beam indication uses logical beam index.
Beam control of the NCR access side should be conducted smoothly to minimize the impact on cell-common and UE-specific signals/channels which are forwarded towards the UEs. As stated in the SID, the NCR is transparent to the UEs. Taking the SSB signal as an example, a UE, during initial access, should not be aware of whether the SSB signal is sent directly by the gNB or is forwarded by the NCR. In the presence of the NCR, there are different options for the gNB to configure the SSB time resources which will be forwarded by the repeater node: 
1. The NCR node only forwards any gNB SSBs that can be received with a satisfactory signal quality, or
4. The NCR node will forward a set of additional SSBs which are specifically allocated to the NCR.
In the first alternative, the SSB coverage per SSB index is determined jointly by the backhaul link quality of the SSB beam and the configured NCR SSB beam, whereas in the second alternative, the SSB coverage is predominantly determined by the NCR beam configured for the SSB, assuming a good backhaul link is established. Obviously, the first alternative is limited by the number of gNB SSBs that can be received at the NCR node, with sufficiently good signal quality. This will not be a limitation for the second alternative, since even though the NCR node may only receive one qualified gNB SSB, it is scalable to provide multiple SSB beams, associated to individual SSB time indices, according to the number of configured NCR SSB beams. Figure 4 provides an illustration to the differences between the two alternatives.
[image: ] 
[bookmark: _Ref110600276]Figure 4: Difference between reusing existing SSBs (top) and using repeater-specific SSBs (bottom).

[bookmark: _Ref102034564][bookmark: _Toc102058109][bookmark: _Toc111235442]For NCRs, two options for management of SSB time resources are identified:
a. [bookmark: _Toc102058110][bookmark: _Toc111235443]reuse existing SSB time resources and only forward the SSB that already points towards the repeater, and
b. [bookmark: _Toc102058111][bookmark: _Toc111235444][bookmark: _Toc102058112][bookmark: _Toc102058113]allocate specific SSB time resources and apply beamforming to them.
The above discussion on SSBs for UE initial access is only one example of signals/channels which should be forwarded to UEs by the NCR node. The study of the NCR beam control functionality needs to include all necessary cell-common and UE-specific signals/channels. It is also evident that a beam arrangement including both wider and narrower beams is required to accommodate both broadcast signals with limited overhead and unicast signals and channels with high link performance, regardless of which of the two above alternatives is preferred.
[bookmark: _Toc111235445]An efficient beam arrangement framework should allow for wide broadcast (SSB) beams to limit overhead and narrow unicast to maximize performance.
[bookmark: _Toc102058137][bookmark: _Toc111235459]Support beam arrangement reporting for both cell-common and UE-specific signals/channels, including wide beams, for efficient resource utilization and improved link performance.
The maximum number of access beams configured to a repeater node is closely related to the maximum repeater nodes associated to a gNB in terms of available SSB resources at the gNB. The resource management capacity of the gNB will set a trade-off between the two numbers. Since both the number of repeater nodes connected to a gNB and the number of access beams configured to a repeater node are under control of the gNB, it is preferred to leave both to a gNB decision. However, complexity of side control information and repeater management by the gNB will increase significantly with the number of repeater beams. Since it is good to know how many beams a repeater can have at the time of a gNB implementation, we think a maximum number should be specified. We propose a maximum of 8 SSB beams.
[bookmark: _Toc111235460]The maximum number of repeater SSB beams should be specified, and be [8].
Beside beam arrangement reporting, other beamforming capabilities could also be useful to the gNB, e.g., in selection of a suitable precoding method towards a UE, considering different channel reciprocity assumptions in beam management. At mmW, the UE can use SRS for reciprocity-based precoder selection for massive MIMO and UL beam management. The repeater should generally be capable to support the reciprocity-based operation and not degrade UE performance. One example is that the repeater may report its phase calibration capability at the access side which is essential for usage of reciprocity-based codebooks.
[bookmark: _Toc111235461]Support reporting repeater beamforming capabilities on the access side, e.g., support of reciprocity/non-reciprocity-based, and/or coherent/non-coherent-based codebooks etc.
Timing
For Rel-18 NCR, the following agreements on timing control were made in the RAN1#109-e meeting [3].
	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


In 3GPP, timing and time synchronization are very much identified and discussed as frame(-start) timing. Assuming a repeated signal has (practically) a fixed, device-internal delay between its reception and transmission, the repeater has no control of any transmit or reception signal timing. In this case, any signal timing is solely determined by gNB and UE transmission timing.
However, if the repeater has some form of beamforming capability, it needs to know when a certain beam should be applied (on receive and transmit side) and when switching to a subsequent beam should take place. For this reason, knowledge of frame timing is indeed required.
[bookmark: _Toc102156194][bookmark: _Toc111235446]A repeater requires accurate timing for beam switching.
As agreed in RAN1 #109-e, DL and UL timing is aligned with the DL and UL timing of the NCR-MT, respectively. Remining is how to address internal timing, i.e., the delay between a signal being received and retransmitted by the NCR-Fwd. In an analog forward design, such a delay should be minimal, amounting to tens of ns, at most. Furthermore, the repeater should be well aware of its internal delay and its impact on beam application, which is why there is no reason for the gNB to get involved. Consequently, we propose that the internal forwarding delay is managed by implementation.
[bookmark: _Toc111235462]The impact of Internal delay between access and backhaul links on transmission / reception boundaries can be managed by implementation.
UL/DL TDD pattern
For Rel-18 NCR, the following agreements on UL/DL TDD pattern signaling were made in the RAN1#109-e meeting [3].
	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.


In general, the NCR-MT has similar functionalities as a UE. Therefore, in terms of UL/DL TDD configuration, the NCR-MT can inherit the legacy UE mechanisms. Moreover, because the NCR is logically part of the gNB for all management purposes, the NCR-Fwd can reuse the NCR-MT’s UL/DL TDD configuration and the NCR-MT’s UL/DL TDD configuration can be well adapted based on the NCR-Fwd’s needs. Actually, it is doubtful if and how different UL/DL TDD configurations for the MT and Fwd would work in practice. Therefore, we believe that there is no need for further specifications with respect to the NCR-Fwd’s UL/DL TDD configuration.
Related to the UL/DL TDD relation between the MT and Fwd in an NCR, is the UL/DL TDD relation between the Fwd and a served UE. Indication of flexible symbols is UE specific and may therefore differ between the NCR and the UE. In this case, it will be up to the gNB to not schedule symbols where the flexible indication is conflicting between the NCR and UE.
[bookmark: _Toc111235447]The NCR-Fwd can reuse the MT’s UL/DL TDD configuration, and the use of flexible symbols can be adapted to the Fwd’s needs.
[bookmark: _Toc111235448]It is up to the gNB to not schedule flexible symbols with conflicting indications in an NCR and associated UE.
[bookmark: _Toc111235463]No NCR-Fwd-specific UL/DL TDD configuration needs to be specified.
ON/OFF information
For Rel-18 NCR, the following agreements on ON/OFF signaling to control the behavior of NCR-Fwd were made in the RAN1#109-e meeting [3].
	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
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.


The repeater node has, from an external point of view, two functions, the NCR-MT and the NCR-Fwd, that are transmitting (and receiving). For the NCR-MT, there already exists a power saving framework based on RRC states RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. We don’t think any further updates to that framework is necessary for NCR-MT.
[bookmark: _Toc111235464]The existing UE power saving framework can be used for the NCR-MT and no further specification work is required.
In RAN1#109, it was agreed that ON-OFF information is beneficial for the NCR to control the behavior of the NCR-Fwd. Considering the NCR-Fwd’s reliance on the NCR-MT, ON/OFF of the NCR-Fwd will depend on the NCR-MT’s RRC state. For the case where the NCR-MT is in active mode, it is evident that the NCR-Fwd will follow any configuration or indication as received by the NCR-MT. For the case where the NCR-MT is in RRC inactive or idle mode, the NCR-Fwd’s behaviour is less evident. Two straightforward alternatives can be identified; either the NCR-Fwd follows its semi-static configuration, thereby upholding the cell coverage, or its activities follow the NCR-MT’s RRC state, see Table 1. Both options are feasible but the benefit with RRC inactive or idle modes for the NCR-MT without also including the NCR-Fwd is of limited value considering the substantially higher power consumption by the NCR-Fwd. An extended NCR-Fwd OFF would be managed by a reconfiguration of the semi-static configuration to OFF.
[bookmark: _Ref111235583]Table 1: Relation between MT’s RRC state and Fwd’s ON/OFF behavior.
	
	MT in RRC_CONNECTED
	MT in RRC_INACTIVE or RRC_IDLE

	Fwd ON or OFF?
	Fwd follows its semi-static configuration and/or dynamic indication.
	1. Fwd follows its semi-static configuration, or
2. Fwd follows the MT’s RRC state.



[bookmark: _Toc111235465][bookmark: _Hlk111118782]Two alternatives are identified for Fwd operation in case of MT RRC inactive or idle:
a. [bookmark: _Toc111235466]Fwd follows its semi-static configuration, or
b. [bookmark: _Toc111235467]Fwd follows the MT’s RRC state.
Then, whether such an indication should be explicit or implicit was left to be discussed in RAN1#110. With this respect, it is important to note that, by definition, the NCR is a repeater deployed and under the control of the operator. Thus, the NCR-Fwd will never operate without explicit access side beam indication. That is, the NCR-Fwd’s OFF signalling is mutually exclusive from any access side beam indication, or, phrased differently, the NCR-Fwd is never both turned OFF and provided with a beam indication. Thereby, a lack of access link beam indication can be considered as the OFF signalling. However, a reasonable assumption is that both semi-static configurations and dynamic indications will be provided for a sequence of consecutive symbols or slots or combinations thereof; such configurations/indications should apply for all dynamic beam indications. For this reason, an explicit OFF configuration, or a null beam, may be advantageous to simplify signalling, as illustrated in Table 2.
[bookmark: _Ref111117433]Table 2: Illustration of use of a Null beam in dynamic beam indication.
	Applied beam index
	
	Time interval

	
	
	0
	1
	2
	3
	4
	5
	6
	7

	DCI beamIndex
	0
	1
	1
	2
	2
	3
	3
	4
	4

	
	1
	1
	1
	Null (OFF)
	Null (OFF)
	2
	2
	Null (OFF)
	Null (OFF)

	
	…
	…
	…
	…
	…
	…
	…
	…
	…


Considering that NCR-Fwd does not have any signal and channel awareness, the existing DRX functionality can be re-used for NCR-MT but is not suitable for NCR-Fwd.
[bookmark: _Toc111235449]NCR-Fwd does not have signal and channel awareness and therefore the existing DRX functionality is not feasible.
[bookmark: _Toc111235450]Explicit ON/OFF signalling is unwarranted since the NCR-Fwd should not operate without explicit access side beam indication.
[bookmark: _Toc111235468]The NCR-Fwd is configured OFF unless configured otherwise.
[bookmark: _Toc111235469][bookmark: _Toc111221854][bookmark: _Toc111221959][bookmark: _Toc111222036][bookmark: _Toc111222339][bookmark: _Toc111235108]A Null Beam indicates OFF in a consecutive sequence of symbols, slots, or combinations thereof within the access side beamforming framework.
Power control
For Rel-18 NCR, the following agreements on power control were made in the RAN1#109-e meeting [3].
	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


In terms of power control, different methods can be considered for the NCR-MT and the NCR-Fwd. The NCR-MT can inherit legacy UE power control, as it has basically similar functionalities as a UE and, thereby, no further specification work is required for the NCR-MT power control.
With respect to the NCR-Fwd, one may consider two different purposes for gain control, namely, compensating for the channel variations and interference management. Regarding the channel variation compensation, it is important to note that the NCR-Fwd gain control must not jeopardize the gNB’s ability to power control the UE. That is, it is critical to not implement NCR-Fwd gain control methods that may have a negative impact on the existing UE power control functionality, e.g., by operating on the same or similar time constants as the UE power control. Then, given the stationary and robust performance of the backhaul link, we believe that, even if required, the NCR-Fwd gain control is a matter of higher layer signalling (and therefore rather a RAN2/3 matter), e.g., OAM, where it should operate on a significantly longer time constant than that of the UE power control.
[bookmark: _Toc111235470]NCR-Fwd gain control, to compensate for channel variations, is a matter of higher layer signaling, e.g., OAM, and should be down prioritized in Rel-18.
In terms of network interference management, it is important note that the NCR is logically part of the gNB for all management purposes, i.e., the NCR is an extension of the gNB and will be under the control of the gNB, including any gNB interference management functionality. Related to this is that repeater interference management that is not supported by neighboring gNBs will be of little value. Also, as a rule of thumb, an NCR is less complex and capable than an gNB and there is typically no power control for interference management in the gNBs. Thus, it does not make sense to have gain control for interference management at the NCR, as it may risk the network functionality.
[bookmark: _Toc111235471]NCR should not introduce more advanced network interference management than gNBs are already capable of.
In our opinion, the only case for which gain control is beneficial is to handle the NCR self-oscillations. In an NCR, and different from Rel-17 repeaters, the transmitted signal may unexpectedly be reflected back to the NCR receive antennas (for instance, if the transmit and receive antennas are close to each other, are not well isolated, or there is a reflector reflecting the NCR transmitted signal towards its receive antennas). In these scenarios, due to the high Tx and Rx antenna gains of the NCR, such positive feedback may lead to strong self-oscillations which will put the NCR in an unstable state, unable to operate properly. Here, gain control is beneficial where by reducing the amplification gain the self-oscillations can be avoided. For these reasons and also because, according to the SID, power control is a second priority objective, we believe that the NCR gain control should be restricted to the cases with NCR self-oscillations. Any change in repeater gains settings should be communicated to the controlling gNB.
[bookmark: _Toc111235451]An NCR is sensitive to self-oscillation due to high Tx and Rx antenna gains.
[bookmark: _Toc111235472]Power control should focus on preventing repeater failure from self-oscillation.
Conclusion
In the previous sections we made the following observations: 
Observation 1	the NCR-Fwd can be associated with a TCI state of the NCR-MT for backhaul operation.
Observation 2	Unless NCR-MT and NCR-Fwd share TCI state they cannot be scheduled simultaneously.
Observation 3	A TCI state or RS-based beam indication will severely restrict NCR operation and expandability.
Observation 4	Implicit beam indications, e.g., by RS, prevents gNB to know spatial properties of the NCR’s access link.
Observation 5	RRM measurements will be simpler and more efficient with a specified beam arrangement, mapping beam index to spatial properties.
Observation 6	For NCRs, two options for management of SSB time resources are identified:
a.	reuse existing SSB time resources and only forward the SSB that already points towards the repeater, and
b.	allocate specific SSB time resources and apply beamforming to them.
Observation 7	An efficient beam arrangement framework should allow for wide broadcast (SSB) beams to limit overhead and narrow unicast to maximize performance.
Observation 8	A repeater requires accurate timing for beam switching.
Observation 9	The NCR-Fwd can reuse the MT’s UL/DL TDD configuration, and the use of flexible symbols can be adapted to the Fwd’s needs.
Observation 10	It is up to the gNB to not schedule flexible symbols with conflicting indications in an NCR and associated UE.
Observation 11	NCR-Fwd does not have signal and channel awareness and therefore the existing DRX functionality is not feasible.
Observation 12	Explicit ON/OFF signalling is unwarranted since the NCR-Fwd should not operate without explicit access side beam indication.
Observation 13	An NCR is sensitive to self-oscillation due to high Tx and Rx antenna gains.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support sub-band operation for NCR-Fwd.
Proposal 2	The NCR-MT is not expected to have complete signal and channel awareness for signals and channels forwarded by the NCR-Fwd.
Proposal 3	The NCR-Fwd is not expected to have any signal and channel awareness, i.e., to know which and when signals and channels are forwarded.
Proposal 4	RAN1 to prioritize an architecture with shared repeater-MT and repeater-Fwd antennas on the BS-side such that repeater-Fwd beamforming can rely on repeater-MT beamforming using the legacy UE beamforming framework.
Proposal 5	NCR-Fwd reuses existing NCR-MT’s TCI table for communication towards the gNB (i.e., in the backhaul link).
Proposal 6	Considering the static nature of the backhaul channel, implicit NCR-Fwd backhaul link TCI is sufficient, based on, e.g., the MT’s most recent PDSCH TCI state.
Proposal 7	Access side beam indication uses logical beam index.
Proposal 8	Support beam arrangement reporting for both cell-common and UE-specific signals/channels, including wide beams, for efficient resource utilization and improved link performance.
Proposal 9	The maximum number of repeater SSB beams should be specified, and be [8].
Proposal 10	Support reporting repeater beamforming capabilities on the access side, e.g., support of reciprocity/non-reciprocity-based, and/or coherent/non-coherent-based codebooks etc.
Proposal 11	The impact of Internal delay between access and backhaul links on transmission / reception boundaries can be managed by implementation.
Proposal 12	No NCR-Fwd-specific UL/DL TDD configuration needs to be specified.
Proposal 13	The existing UE power saving framework can be used for the NCR-MT and no further specification work is required.
Proposal 14	Two alternatives are identified for Fwd operation in case of MT RRC inactive or idle:
a.	Fwd follows its semi-static configuration, or
b.	Fwd follows the MT’s RRC state.
Proposal 15	The NCR-Fwd is configured OFF unless configured otherwise.
Proposal 16	A Null Beam indicates OFF in a consecutive sequence of symbols, slots, or combinations thereof within the access side beamforming framework.
Proposal 17	NCR-Fwd gain control, to compensate for channel variations, is a matter of higher layer signaling, e.g., OAM, and should be down prioritized in Rel-18.
Proposal 18	NCR should not introduce more advanced network interference management than gNBs are already capable of.
Proposal 19	Power control should focus on preventing repeater failure from self-oscillation.
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