3GPP TSG-RAN WG1 Meeting #109-e	R1-2204642
Online, May 9th – 20th 2022

Agenda Item:	9.8.1
Source:	Ericsson
[bookmark: _Hlk101949190]Title:	Control information for enabling NW-controlled repeaters
Document for:	Discussion, Decision

Introduction
[bookmark: _Hlk101949072]RAN #94 agreed to study network-controlled repeaters with the following assumptions and scenarios [1]:
	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.


[bookmark: _Hlk101949083]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 signaling (including its configuration) to carry the side control information [RAN1]


[bookmark: _Hlk101949113]In addition to this contribution, we discuss the required control information signaling in our accompanying contribution [2], and we discuss terminology in the specification work with network-controlled repeaters in [3].
[bookmark: _Ref178064866]Discussion
In order to have efficient discussions and to avoid misunderstandings, we propose that RAN1 adopts a common terminology for the links and functions of the network-controlled repeater. In our companion contribution [3], we discuss terminology in the specification work with network-controlled repeaters. As we are also using this terminology in this contribution, we duplicate our view of the repeater architecture in Figure 1 and our proposed terminology below:


[bookmark: _Ref102038614]Figure 1: Assumed architecture and proposed terminology of the NCR.
[bookmark: _Toc101441159][bookmark: _Toc102156200]Adopt the following terminology in the specification work with network-controlled repeaters:
a. [bookmark: _Toc101441160][bookmark: _Toc102156201]The network-controlled repeater is abbreviated NCR.
b. [bookmark: _Toc102156202]The link between the gNB and the repeater is referred to as the donor link and is managed by the repeater’s BS-side antennas.
c. [bookmark: _Toc101441161][bookmark: _Toc102156203]The link between repeater and UE is referred to as the service link and is managed by the repeater’s UE-side antennas.
d. [bookmark: _Toc101441162][bookmark: _Toc102156204]The repeater function of communicating and controlling the repeater configuration is referred to as the repeater Mobile Termination, repeater-MT, or NCR-MT.
e. [bookmark: _Toc101441163][bookmark: _Toc102156205]The repeater function of receiving, amplifying and transmitting between gNB and UE is referred to as repeater forwarding, repeater-Fwd, or NCR-Fwd.
Beamforming information
In this section, we discuss beamforming. We differentiate between BS-side beamforming towards the gNB and UE-side beamforming towards the UE.
BS-side beamforming
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 in the donor link towards the gNB. 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:
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
A UE-like configurable beamforming which is capable to compensate for potential link degradation to large extent.
The first alternative does not require any beam management capability for the donor 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.
The above discussion leads to the following observations and proposal:
[bookmark: _Toc102156181]Two alternatives can be considered regarding BS-side antennas:
a. [bookmark: _Toc102156182]fixed antenna deployment with static beamforming, or
b. [bookmark: _Toc102156183]UE-like, configurable beamforming.
[bookmark: _Toc102156206]Study and determine whether one or both of
f. [bookmark: _Toc102156207]fixed antenna deployment with static beamforming, and
g. [bookmark: _Toc102156208]UE-like configurable beamforming
[bookmark: _Toc102156209]should be supported by the repeater-MT.
[bookmark: _Toc102156184]UE-like configurable beamforming can rely on legacy UE beamforming.
In the simplest architecture, the BS-side of the repeater may have one shared antenna panel for repeater-MT and repeater-Fwd on the donor 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 separated 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 BS-side beamforming for in-band operation where the repeater-MT and repeater-Fwd will anyway share carriers. 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. The disadvantages of this architecture, like a possible need for time multiplexing between repeater-MT and served UEs in the UL do not motivate the increased complexity of two separated antenna panels.
[bookmark: _Toc102156185]On the BS-side, the repeater can either
c. [bookmark: _Toc102156186]share antennas between the repeater-MT and repeater-Fwd functions, and re-use legacy UE beamforming, or
d. [bookmark: _Toc102156187]use separate antennas for repeater-MT and repeater-Fwd, in which case specification is needed for repeater-Fwd beamforming.
[bookmark: _Toc102156188]In case of the BS-side shared antennas, beam control can be managed by the repeater-MT using the legacy UE beam management framework.
[bookmark: _Toc102156210]RAN1 to assume 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.
UE-side beamforming
NR usually makes no assumptions on beam reciprocity. For node-internal beamforming, that is acceptable since the node may internally know which UL beam that corresponds to which DL beam with a high accuracy. It is difficult to have the same knowledge about beams of another node. In particular, the present initial access scheme may be difficult to support in case the gNB cannot make any assumptions on UL and DL beam relations. Hence, it is necessary that the gNB is provided with some information about beam reciprocity on the UE-side, at least to the level of beam correspondence, allowing the gNB to make some assumptions about the relation between UL and DL beams based on, e.g., beam indices without needing to care about actual beamforming weights. If not, e.g., beam management via a repeater may become overly complicated and would require a new beam management framework which is well beyond the scope of the Rel-18 work.
[bookmark: _Toc102156189]Without basic beam reciprocity assumptions, fundamental operations like initial access may require a new framework, requiring an extensive specification effort.
[bookmark: _Toc102156211]RAN1 to discuss whether or not Rel-18 repeater assumes beam reciprocity between UL and DL on the repeater’s service link.
The SID states that the repeater is capable of beamforming. Similar to a gNB, the beamforming capability of the repeater depends on the implementation which is not assumed to be always known to the gNB. It is therefore desirable that the gNB can be informed about the beamforming capabilities of the repeater UE-side. This information is useful to the gNB, e.g., in selection of a suitable precoding method towards a UE, accordingly, 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 calibration capability at the UE-side which is essential for usage of reciprocity-based codebooks.
[bookmark: _Toc102156212]Study repeater beamforming capabilities on the UE-side, e.g., support of reciprocity/non-reciprocity-based, and/or coherent/non-coherent-based codebooks etc.
The most important enhancement in the Rel-18 repeater, compared to the Rel-17 repeater, is the beamforming capability on the UE-side, which can provide coverage extension to serve UEs at FR2 frequencies where coverage gaps are 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 UE-side. The beam control of the repeater UE-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 repeater 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 repeater.  In the presence of the repeater, there are different options for the gNB to configure the SSB time resources which will be forwarded by the repeater: 
1. The repeater only forwards the gNB SSBs that can be received with a satisfactory signal quality, or
The repeater will forward a set of additional SSBs which are specifically allocated to the repeater.
In the first alternative, the SSB coverage per SSB index is determined jointly by the donor link quality of the SSB beam and the configured repeater SSB beam, whereas in the second alternative, the SSB coverage is predominantly determined by the repeater beam configured for the SSB, assuming a good donor link is established. Obviously, the first alternative is limited to the number of gNB SSBs which can be received at the repeater, with sufficiently good signal quality. This will not be a limitation for the second alternative, since even though the repeater 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 SSB beams for the repeater. Figure 2 provides an illustration to the differences between the two alternatives.
[image: ] 
[bookmark: _Ref102155922]Figure 2: Difference between reusing existing SSBs (top) and using repeater-specific SSBs (bottom).


[bookmark: _Ref102034564][bookmark: _Toc102156190]Two options for management of SSB time resources are identified:
e. [bookmark: _Toc102156191]reuse existing SSB time resources and only forward the SSB that already points towards the repeater, and
f. [bookmark: _Toc102156192]allocate specific SSB time resources and apply beamforming to them.
[bookmark: _Toc102156193]An efficient beam arrangement framework should allow for wide broadcast (SSB) beams to limit overhead and narrow unicast to maximize performance.
The above discussion on SSBs for UE initial access is only one example of signals/channels which should be forwarded to UEs by the repeater. The study of the repeater 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 that is preferred.
[bookmark: _Toc102156213]Study beam arrangement for both cell-common and UE-specific signals/channels, including wide beams, for efficient resource utilization and improved link performance.
Timing information
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 and when switching to a subsequent beam should take place. For this reason, knowledge of frame timing is indeed required.
[bookmark: _Toc102156194]A repeater requires accurate timing for beam switching.
For repeated DL transmissions, the repeater needs to know when the DL frame on the UE-side starts. Assuming there is no (or a negligible and known) delay within the repeater, then the DL frame on UE-side (to be transmitted) can be considered to start when reception of such frame starts on BS-side. That reception timing is however already known by the repeater-MT’s reception timing, provided the repeater-MT and repeater-Fwd share BS-side antennas. We would like to note that this is irrespective of any propagation delay between the gNB and repeater. This timing information can be used by the repeater to determine its timing for transmit beam setting on UE-side and switching between transmission directions (UL/DL). Any possible significant repeater-internal delay can be handled by implementation.
Furthermore, the repeater’s DL reception timing can be expected to be highly accurate from, e.g., extensive SSB averaging, assuming a static channel. Hence, high timing accuracy can be expected from existing DL timing functionality under control of the repeater-MT.
[bookmark: _Toc102156195]The repeater may rely on its MT’s timing for DL operation.
Ideally, UL transmissions from different UEs are received simultaneously at a gNB. For this to occur, the timing advance (TA) control by gNB is used and compensates for different propagation delays of different UEs’ UL transmissions. Since the propagation delay of UL transmissions between the repeater and the gNB is constant and common to all UL transmissions, it can be assumed that the reception of all UL transmission at the repeater is also simultaneous. If the gNB applies proper TA control and, again, assuming there is no (or at least a negligible and known) delay within the repeater, the UL frame on the UE-side (to be received) can be considered to start when transmission of such frame starts on BS-side. This transmission timing is already known by the repeater-MT UL transmission timing (and set and controlled by the gNB). This timing information can be used by the repeater to determine its timing for receive beam setting on UE-side and can it further be expected to be synchronized with served UE’s UL timing.
[bookmark: _Toc102156196]The repeater may rely on its MT’s timing for UL operation.
The above UL timing considerations assume that all timing is ideal. Deviations from the ideal timing configuration in the repeater depends on how accurately UL timing is implemented and should not be subject to specification. On the other hand, TA adjustment granularity is certainly affecting repeater timing determination. Rel-15 UEs are allowed to deviate from ideal UL timing within limits according to Timing Error (TE) and TA adjustment accuracy (TA_adj) (Tables 7.1.2-1 and 7.3.2.2-1 in [4]), cf. Table 1. Generally, UE UL timing is also affected by TA granularity. Since TA granularity may impact both UE and repeater timing by half the TA granularity (TA_gra), the overall UL timing deviation between a UE and repeater can be assumed TE+TA_adj+2*(TA_gra/2).
[bookmark: _Ref102139133]Table 1: UL timing differences
	Freq Range
	SCS UL (kHz)
	TE+TA_adj+2*(TA_gra/2)
in [Tc]
	Timing Diff
in [us]
	CP duration
in [us]

	1
	15
	12*64+256+16*64/1 = 2048
	1,042
	4,69

	
	30
	10*64+256+16*64/2=1408
	0,716
	2,34

	
	60
	10*64+128+16*64/4=1024
	0,521
	1,17

	
	15
	8*64+256+16*64/1=1792
	0,911
	4,69

	
	30
	8*64+256+16*64/2=1280
	0,651
	2,34

	
	60
	7*64+128+16*64/4=832
	0,423
	1,17

	2
	60
	3,5*64+128+16*64/4=608
	0,309
	1,17

	
	120
	3,5*64+32+16*64/8=384
	0,195
	0,57


Using 120 kHz SCS as an example of the above discussion, the legacy resolution of the TA loop is approximately 65 ns (16*64/8*Tc), implying that the lower bound on the single node UL timing error cannot be assumed to be less than ± 33 ns (for both repeater-MT and UE). The Timing Error Limit, TE, is about 114 ns (3,5*64*Tc). The UE Timing Advance adjustment accuracy using 120 kHz for UL sub-carrier is limited to +/-16 ns (+/-32*Tc). This results in a total timing difference of 65+114+16=195ns. The timing error as well as the TA adjustment accuracy is not under gNB or repeater control and must be accounted for in the UE. A repeater, on the other hand, can, if implemented well, reduce its own timing difference. We should note that the above UE timing difference cannot be reduced, irrespective of repeater implementation or requirements.
[bookmark: _Toc102156214]Legacy UE UL timing framework has a sufficient granularity and requirements for UEs to be served over repeaters. For that reason, timing is down-prioritized in Rel-18.
UL/DL TDD configuration
In a TDD network, the gNB provides the cell-specific semi-static TDD configuration in the SIB-1 IEs TDD-UL-DL-ConfigrationCommon and TDD-UL-DL-Pattern. Provided these are decoded by the repeater-MT, just as UEs can, the repeater-Fwd can be configured accordingly by the repeater-MT. For that reason, the repeater will have no problem adopting the cell-specific TDD configuration as provided by SIB-1.
Additionally, the gNB can dynamically configure Flexible slots/symbols as either UL or DL by using for example UE-specific RRC signaled TDD-UL-DL-ConfigurationDedicated or various UE specific DCI formats. This requires the repeater to have an identical TDD configuration as the UE(s) it is serving. Multiple UEs may furthermore be configured with conflicting TDD patterns making the repeater’s task impossible. Considering the complexity of such specification work, and the limited deployment of dynamic TDD due to excessive interference for neighbor cells. For this reason, we propose to omit dynamic TDD from consideration in the specification work for network-controlled repeaters in Rel-18.
[bookmark: _Toc102156215]Rel-18 repeaters do not support dynamic TDD.
At the repeater, there is no directional conflict between repeater’s BS- and UE-sides. For example, in DL slots, the repeater BS-side would perform DL reception while the UE-side would perform DL transmission. Similarly, in UL slots, the repeater BS-side would perform UL transmission while the UE-side would perform UL reception. Therefore, there is no need for additional TDD configuration provided the repeater follows the cell common TDD pattern of the gNB. 
[bookmark: _Toc101949211][bookmark: _Toc102156197]There is no directional conflict between the repeater’s BS- and UE-sides. Both sides follow the same TDD configuration.
[bookmark: _Toc101949222][bookmark: _Toc102156216][bookmark: _Hlk102156846]There is no need for additional TDD configuration, provided the repeater follows the cell-specific TDD pattern of the gNB.
ON/OFF information
The SID states two objectives for disabling repeater operation: interference mitigation and energy efficiency. The desirable behavior may not necessarily be the same for the two objectives.
For interference mitigation, the main issue is to prevent the repeater-Fwd function to cause unnecessary interference in the vicinity of the repeater. This can be managed without affecting the operation or activity mode of the repeater-MT. Disabling the repeater-Fwd could be advantageous when the gNB, e.g., transmits SSBs in other directions than that of the repeater, or when the gNB is addressing a UE that is not served via the repeater. Considering that the repeater-Fwd’s OFF signaling is mutually exclusive from beam indication, i.e., the repeater-Fwd is never both turned OFF and provided with a beam indication, but also closely related to beamforming in that OFF can be viewed as the null beam, we expect the needs for ON/OFF to be similar to those of beamforming. Consequently, both semi-static and dynamic ON/OFF may be advantageous.
[bookmark: _Toc102156217]Study semi-static and dynamic repeater-Fwd ON/OFF for interference mitigation.
In addition to the behavior for interference mitigation, energy efficiency may also involve disabling the repeater-MT function. For this, existing power saving functionality will provide more than sufficient flexibility. One difference compared to legacy power save is the behavior of the repeater-Fwd while the repeater-MT is in a power save mode. This is not necessarily a complicated issue but needs to be studied and agreed in order to have a consistent and predictable repeater behavior.
[bookmark: _Toc102056897][bookmark: _Toc102057759][bookmark: _Toc102057760][bookmark: _Toc102156218]Study how the repeater-MT sleep mode behavior should relate to repeater forward operation.
Power control
Similar to ON/OFF signaling, two types of power control can be identified: repeater-MT power control and repeater-Fwd power control, or more precisely repeater gain control. 
In this respect, the repeater-MT is all but a UE and power control of the repeater-MT can inherit legacy UE power control.
[bookmark: _Toc102156219]Power control of the repeater-MT inherits legacy UE power control.
Relating to repeater-Fwd gain control, it is important to first specify the purpose with such gain control. In our opinion, the purpose (essentially) is to configure a pathloss in the donor link and to compensate for possible variations in that pathloss. This way, the repeater becomes invisible for both UE and gNB with respect to UE power control via the repeater. It is critical to not implement any repeater-Fwd gain control 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 UE power control.
[bookmark: _Toc102156198]Repeater-Fwd gain control must not jeopardize the gNB’s ability to power control the UE.
With respect to repeater-Fwd gain control, there are three aspects that are worth noting:
1. To maximize coverage, it is generally advantageous for the repeater to operate at a nominally high(est) gain level.
The donor link can be expected to be stationary (and robust if under operator control).
Efficient amplifiers have limited ability for any gain control.
Hence, it is unlikely that there will be much of spare gain to use in case the donor link is changed. Furthermore, due to the stationary donor link, it is neither needed nor desirable that the repeater-Fwd gain control operates on the same time constant as UE power control but on a significantly longer time constant. This leads us to conclude that repeater-Fwd gain control is a matter of OAM and we propose to down-prioritize it in Rel-18.
[bookmark: _Toc102056874][bookmark: _Toc102057735][bookmark: _Toc102156199]For a static link in a planned deployment, there is little sense in or need for repeater-Fwd gain control.
Relating to the repeater causing interference for other network nodes, we think the repeater should not deviate from the gNB function. There exists an interference mitigation framework among gNBs but none of them includes gNB power control. For that reason, we don’t think power control for repeaters is motivated since it would require implementing new interference functionality also in adjacent gNBs.
[bookmark: _Toc102057818][bookmark: _Toc102058147][bookmark: _Toc102156220][bookmark: _Toc102056902][bookmark: _Toc102057764][bookmark: _Toc102056903][bookmark: _Toc102057765]Inter-site interference mitigation does not include gNB power control and repeater interference mitigation should not extend existing interference mitigation. Repeater power control for network interference is omitted from Rel-18.
Related to power control is the matter of self-interference due to unstable oscillation in the forwarding circuitry. This can occur if, e.g., a reflection of the transmitter beam is directed immediately towards the receiver beam, causing the amplifier to oscillate. In such a situation, the repeater must be able to sufficiently decrease its gain to interrupt the oscillations and also notify the gNB about its new state of operation. Considering the beamforming capabilities of the repeater, such unintended reflections may be orders of magnitude more severe to an omnidirectional repeater.
[bookmark: _Toc102156221]Study gain control and associated signaling for self-interference management due to repeater oscillation.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Two alternatives can be considered regarding BS-side antennas:
a.	fixed antenna deployment with static beamforming, or
b.	UE-like, configurable beamforming.
Observation 2	UE-like configurable beamforming can rely on legacy UE beamforming.
Observation 3	On the BS-side, the repeater can either
a.	share antennas between the repeater-MT and repeater-Fwd functions, and re-use legacy UE beamforming, or
b.	use separate antennas for repeater-MT and repeater-Fwd, in which case specification is needed for repeater-Fwd beamforming.
Observation 4	In case of the BS-side shared antennas, beam control can be managed by the repeater-MT using the legacy UE beam management framework.
Observation 5	Without basic beam reciprocity assumptions, fundamental operations like initial access may require a new framework, requiring an extensive specification effort.
Observation 6	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 repeater may rely on its MT’s timing for DL operation.
Observation 10	The repeater may rely on its MT’s timing for UL operation.
Observation 11	There is no directional conflict between the repeater’s BS- and UE-sides. Both sides follow the same TDD configuration.
Observation 12	Repeater-Fwd gain control must not jeopardize the gNB’s ability to power control the UE.
Observation 13	For a static link in a planned deployment, there is little sense in or need for repeater-Fwd gain control.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt the following terminology in the specification work with network-controlled repeaters:
a.	The network-controlled repeater is abbreviated NCR.
b.	The link between the gNB and the repeater is referred to as the donor link and is managed by the repeater’s BS-side antennas.
c.	The link between repeater and UE is referred to as the service link and is managed by the repeater’s UE-side antennas.
d.	The repeater function of communicating and controlling the repeater configuration is referred to as the repeater Mobile Termination, repeater-MT, or NCR-MT.
e.	The repeater function of receiving, amplifying and transmitting between gNB and UE is referred to as repeater forwarding, repeater-Fwd, or NCR-Fwd.
Proposal 2	Study and determine whether one or both of
a.	fixed antenna deployment with static beamforming, and
b.	UE-like configurable beamforming
should be supported by the repeater-MT.
Proposal 3	RAN1 to assume 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 4	RAN1 to discuss whether or not Rel-18 repeater assumes beam reciprocity between UL and DL on the repeater’s service link.
Proposal 5	Study repeater beamforming capabilities on the UE-side, e.g., support of reciprocity/non-reciprocity-based, and/or coherent/non-coherent-based codebooks etc.
Proposal 6	Study beam arrangement for both cell-common and UE-specific signals/channels, including wide beams, for efficient resource utilization and improved link performance.
Proposal 7	Legacy UE UL timing framework has a sufficient granularity and requirements for UEs to be served over repeaters. For that reason, timing is down-prioritized in Rel-18.
Proposal 8	Rel-18 repeaters do not support dynamic TDD.
Proposal 9	There is no need for additional TDD configuration, provided the repeater follows the cell-specific TDD pattern of the gNB.
Proposal 10	Study semi-static and dynamic repeater-Fwd ON/OFF for interference mitigation.
Proposal 11	Study how the repeater-MT sleep mode behavior should relate to repeater forward operation.
Proposal 12	Power control of the repeater-MT inherits legacy UE power control.
Proposal 13	Inter-site interference mitigation does not include gNB power control and repeater interference mitigation should not extend existing interference mitigation. Repeater power control for network interference is omitted from Rel-18.
Proposal 14	Study gain control and associated signaling for self-interference management due to repeater oscillation.
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