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Introduction
RAN #97 agreed the WID for network-controlled repeaters with the following assumptions and scenarios [1]:
	[bookmark: _Hlk108183691]The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously


Specifically, RAN1 was tasked with the following objectives:
	Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.
Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed


In addition to this contribution, we discuss signalling aspects for the required control information in our accompanying contribution [2].
[bookmark: _Ref178064866]Discussion
Access link beam management
For Rel-18 repeaters, the following agreements on access link beamforming control were made in the RAN1#109- #110bis meetings [3]-[5].
	Agreement (RAN1#109-e)
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 (RAN1#109-e)
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 (RAN1#110bis-e)
The following information can be used to characterize the physical beam(s) supported by NCR-Fwd for access link: 
· Number of beams supported for access link
· FFS: How to define the detailed value (e.g., per beam type)
· FFS: Whether the number of beam can be derived by beam layout
· Spatial relationship between different beams
· FFS: Beam types defined by the beam width (e.g. two types as wide beam and narrow beam type)
· FFS: Beam direction defined by the boresight of beam
· FFS: Whether/How to deliver this information to gNB
· FFS: Coverage area for each beam type
· FFS: Beam ID (via explicit or implicit means) 

Agreement (RAN1#110bis-e)
Following parameters should be supported to define the time resource:
· For a periodic and/or semi-persistent configured time resource, starting time, duration per beam(s) and periodicity is needed.
· For aperiodic indication of time resource, starting time and duration per beam(s) is needed.  
· FFS: The SCS for starting time, duration, and periodicity
· FFS: How to define the duration, e.g., via the length of time resource or resource index(es)
· FFS: Whether indication of starting time can be implicit (e.g., the first slot after the time to apply the received beam indication and the first OFDM symbol in the slot)



Access link beam indication
The repeater node will need to report at least one set of fundamental beams in one dimension (e.g., horizontal). Two dimensional beams could be supported based on capability, in which case also the number of beams in the second dimension need to be reported (e.g., vertical). A repeater that only has one type of beams, of course, uses this type for all signals and channels. However, there are strong reasons why, based on capability, also more advanced repeaters should be specified which can support beam types with different beam widths (e.g., narrow and wide beams). One such reason is the inherent conflict between low overhead for cell-common signals and high throughput for UE-specific signals. Whereas the former is benefitting from few wide beams, the latter is benefitting from many narrow beams. With only one type of beams, the gNB may be restricted in how many repeaters it can support, or how many SSB beams per repeater can be supported. For this reason, it would make sense that a repeater can report a beam expansion capability, indicating that it is able to configure both wide beams for cell-common signals as well as narrow beam for UE-specific signals, thereby both reducing overhead and increasing throughput.
A simple solution for this is that the repeater reports two sets of beams, the set of fundamental beams and a set of wide beams but that would limit configurability depending on, e.g., repeater environment. A more general approach is that a repeater capable of beam expansion is expected to configure any set of wide beams (in powers of 2) from the fundamental set of beams. That, on the other hand, may restrict the number of beams. A third option is that the repeater signals all its sets of beams that it supports and that provides approximately the same angular coverage as illustrated in Figure 1. For this option and considering the example in Figure 1, the repeater could report, in addition to its (in this example) 8 fundamental beams, 4 beams and 2 beams for the wider (middle) and widest (left) beams, respectively.


[bookmark: _Ref115436688]Figure 1: Example of two levels of beam expansion (left, middle) in addition to the fundamental beams (right). Relations between beams of different expansion levels is indicated with color and line types.
[bookmark: _Toc115462799][bookmark: _Toc118728804]With only one set of beams, there is an inherent conflict between restricting cell-common signalling overhead using few beams and enabling high throughput using many beams for UE-specific signalling.
[bookmark: _Toc115462817][bookmark: _Toc118728812]The repeater reports its number of fundamental beams in a first dimension, and based on capability, the number of beams in a second dimension.
[bookmark: _Toc115462818][bookmark: _Toc118728813]Specify a beam expansion capability indicating the repeater is able to form different levels of wider beams in addition to its set of fundamental beams.
A repeater, capable of beam expansion, reports the number of beams it can apply for all supported expansion levels. In the RAN1#110 meeting, it was agreed to use logical beam indexing for beam indication in the access link. The repeater operation should allow the gNB to mimic how a gNB utilizes its own beams, i.e., to know the beams’ relative properties. This 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. Considering how gNB controls its beam, which is based on internal spatial information (at least the beams’ relations such as adjacency), the gNB should be able to refer to, or control repeater-Fwd beams in a similar way. It is worth mentioning that without information about a spatial relation between the repeater-Fwd beams, the performance of RRM measurements can be severely decreased, in particular with an increased number of repeater-Fwd access beams. 
[bookmark: _Toc115329748]To facilitate efficient UE measurements, the gNB typically configures the UE to perform measurements on adjacent beams. In legacy, non-repeater operation, the gNB knows about the spatial relations between its internal beams. For repeaters, the spatial relations must be provided, for the gNB to be able to select which repeater beams are adjacent to each other and the repeater would beneficially support both one-dimensional and two-dimensional beamforming. The spatial relation would preferably apply to narrow beams, wide beams and 2nd dimension beams (i.e., both, horizontal and vertical beams) such that adjacent narrow beams can be determined even if they are associated with different wide beams.
To facilitate efficient beam management (e.g., beam sweeping, beam measurement, beam reporting) of the access link beams, the minimum beam information about each beam type that a repeater needs to provide to the gNB should include:
· Total coverage area, e.g., in terms of zenith angle and azimuth angle
· beam constellation, e.g., in number of beams of each dimension M x N, where M represents the numbers of beams in azimuth and N represents the number of beams in zenith
A systematic 2-dimensional form of beam labelling can be specified to convey the spatial beam relation information in the beam index itself. Based on the reported beam constellation for each type of access link beam, the gNB and repeater node will, for each beam type, have a common understanding of
· the total number of beams
· beam index/label for each beam
· the spatial relation of the adjacent beams

In this way, there is no need for the repeater to report each beam individually, and the signalling overhead is minimized.
Figure 2 provides an example of two-dimensional beam indexing for, e.g., wide access link beams, , where an increasing x-value corresponds to increasing azimuth angle and increasing y-value corresponds to increasing zenith angle. In this example, for the type of wide beams, the repeater node only needs to inform the gNB M=4 and N=2. It will be clear to both the repeater node and gNB that the repeater supports 4x2=8 wide beams with indexing , x=0,…,M-1, y=0,…,N-1.
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[bookmark: _Ref115443153]Figure 2: Two-dimensional beam constellation and its associated indexing for, e.g., wide access link beams.

[bookmark: _Toc115462819][bookmark: _Toc118728814]The gNB is provided with the following access link beam information about repeater properties
· [bookmark: _Toc118728815]total coverage range e.g., in terms of zenith angle and azimuth angle
· [bookmark: _Toc118728816]beam constellation e.g., in number of beams in each dimension (MxN)
[bookmark: _Toc118728817]FFS whether the information is provided jointly for all beam types or individually per beam type.
[bookmark: _Toc118728818]Relate beam index to spatial properties of the beam for different beam types and for both one- and two-dimensional beam constellations.
[bookmark: _Toc115462820][bookmark: _Toc118728819]For a one-dimensional beam array, the gNB may assume that spatially adjacent beams have adjacent beam indices.
[bookmark: _Toc115462821][bookmark: _Toc118728820]For a two-dimensional beam array, the gNB may assume that indices of spatially adjacent beams have the same or adjacent beam indices in both the first and second dimension (e.g., two-dimensional wide beam indexing where an increased x-value corresponds to increasing azimuth angle and an increased y-value corresponds to increased zenith angle).
The maximum number of beams for cell-specific signals that can be configured is closely related to the maximum number of repeater nodes associated to a gNB in terms of available SSB resources at the gNB (that can be used across repeaters). 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 or used for a repeater node are under control of the network, it is preferred to leave both to a network decision. However, the complexity of side control information and the repeater management by the gNB will increase significantly with the number of repeater beams. Since it is important to know how many repeater beams to assume at the time of a gNB implementation, we think a maximum number should be specified. We propose a maximum of 8 (wide) SSB beams and 16 (narrow) CSI-RS beams.
[bookmark: _Toc111235460][bookmark: _Toc115465192][bookmark: _Toc118728821]The maximum number of repeater beams should be specified and be [8] (wide) SSB beams and [16] (narrow) CSI-RS beams.
When discussing beams and beam management, it is vital that the whole chain of events is considered. A repeater deployment is typically based on real world properties, such as a service range. On the other hand, for a gNB to know what beams to configure a repeater with, a more tangible property like a beam index is required. Consequently, a mapping between the two needs to take place at some point. 

[bookmark: _Ref118224800] Figure 3: Illustration of beam selection method using the networks requested service area and the repeater's supported service area, for, left, wide beams, and, right, narrow beams. Beams with solid lines would be selected by the repeater whereas beams with dashed lines fall outside the service area and would be omitted by the repeater.
We should aim to define the minimum set of parameters which ensures a reasonable level of interoperability between a repeater and a gNB from different vendors. At a minimum, these are the network’s requested service range and the repeater’s supported service range (see Figure 3). These two parameters can be configured in the repeater by, e.g., its OAM, which may or may not be the same as the gNB OAM. Based on the two parameters, the repeater can determine which beams to include in its beam constellation and capability report to the gNB. Any tighter coordination between the repeater and its serving gNB, e.g., based on the number of supported antenna beams, is not precluded by implementation but does not need to be specified.
[bookmark: _Toc118728822]The repeater is provided with the network’s requested service range and the repeater’s supported service range by higher layers to determine the appropriate repeater beams to use for a given deployment.
Additionally, since the higher layer signalling is a RAN2/RAN3 task, we think how to provide beam information to gNB should be decided by RAN2/RAN3. Instead, RAN1 should focus on what information is necessary to solve the RAN1 objectives.
[bookmark: _Toc118728823]RAN1 to focus on what constitutes the minimum required beam information. How to provide that information to the gNB is up to RAN2/RAN3.
One FFS from the RAN1#110bis-e meeting is about SCS for starting time, duration, and periodicity. The SCS should be provided by the controlling gNB in the semi-static beam configuration(s). The same SCS is also considered in dynamic beam indication.
[bookmark: _Toc118728824]The time unit for access beam indication (expressed in terms of an SCS) provided by the controlling gNB is valid for both semi-static and dynamic beam indications.
[bookmark: _Ref118704941]Sub-band operation
[bookmark: _Hlk114824592]The main use case of the Rel-18 repeater is to provide coverage extension to serve UEs at FR2 frequencies where coverage gaps are assumed common. A common configuration in FR2 is that a larger frequency band is divided into multiple, smaller carriers. For example, an 800 MHz band is divided into eight 100 MHz carriers. One reason for this is that more beams are simultaneously available, and it would allow multiple UEs to be simultaneously served at different locations using different access link beams in the repeater, see one example in Figure 4. For this reason, we think that sub-band operation is a valuable feature to support in a repeater. By supporting multiple sub-bands, the repeater node will be able to forward multiple cells of the gNB, where each sub-band can be used to forward one gNB cell. Which gNB cells to be forwarded by the repeater node is determined by the controlling gNB based on the reported frequency domain information from the repeater node. Accordingly, the access link beam indication (including semi-static and dynamic beam indications) can be provided per sub-band, including the associated SCS indicating the time unit for starting time, duration, and periodicity of beam indication.
[image: ]
[bookmark: _Ref117631064]Figure 4: An example illustrating repeater sub-band operation where the repeater-MT carrier (100MHz) is shared with only one of the repeater-Fwd sub-bands (in total 400MHz).

[bookmark: _Toc115462798][bookmark: _Toc118728805]FR2 bands are commonly divided into multiple narrower carriers for which sub-band operation would be beneficial.
[bookmark: _Toc115462816][bookmark: _Toc118728825]Support access link sub-band operation allowing for independent beam scheduling among different sub-bands.
[bookmark: _Toc118728826]The controlling gNB determines which gNB cells to be forwarded by the repeater node based on the reported frequency domain information from the repeater node.
[bookmark: _Toc118221671]Access link semi-static beam configuration
With respect to the access link beamforming for the repeater-Fwd, both semi-static beam and dynamic indications will be supported, as it improves the signalling efficiency and performance. Basically, there are two groups of periodic signals/channels, transmitted with fixed time and spatial resource configurations: 
1) Broadcast or cell-common signals such as SSB, TRS, CORESET 0, System Information, PRACH etc., and
2) Periodic UE/repeater-MT specific signals, such as CSI-RS, for channel quality or interference measurement etc.
For the above signals/channels, there is no need for the repeater to have any dynamic configuration for the purpose of their forwarding and that also includes the beam configuration on the UE-side. The periodic signals/channels can be configured semi-statically, which would allow minimal gNB-repeater interaction.
Regarding the dedicated or UE-specific scheduling-based signals/channels, e.g., PDCCH, PDSCH, PUCCH, PUSCH, and aperiodic UE-specific reference signals for channel quality or interference measurements, these signals are transmitted in random directions, subject to individual scheduling decisions and therefore would benefit greatly from dynamic beamforming.
The relation between semi-static beam configurations and dynamic beam indications is not straightforward, though. Typically, dynamic indication takes precedence over semi-static configuration. But for the two above groups of semi-statically configured signals, that may no longer be preferred. The first group of periodic signals/channels, such as cell-common broadcast signals/channels, are important for initial access which must be allowed to be prioritized over dynamic beam indication. The second group of periodic signals, such as CSI-RS for channel quality or interference measurement, should not be prioritized over scheduling-based signals/channels (e.g., PDxCH, and PUxCH). Without any signal and channel awareness, the repeater-Fwd may not know on its own which of the semi-static configurations should be prioritized before dynamic indications (or, other semi-static configurations) and which should not. Hence, for controlling the access link beamforming of the repeater-Fwd, it is the gNB’s responsibility to provide configurations where cell-common signals and channels are prioritized over dynamically indicated signals/channels that in turn may be prioritized over other aperiodic or periodic signals and channels.
[bookmark: _Toc115462800][bookmark: _Toc118728806]Allowing prioritization among semi-static configurations and the dynamic indication would allow for simpler configuration with substantially fewer dynamic combinations to be configured.
[bookmark: _Toc115462823][bookmark: _Toc118728827][bookmark: _Toc115329759]Include priorities in the semi-static beam configuration to allow the repeater to know whether the semi-static configuration or a dynamic indication (or which one of any conflicting semi-static configurations) should be prioritized in case of a conflict.
In NR, different periodic signals/channels may have very different parameter sets, in terms of periodicity, duration etc. Use and reconfiguration of different parameters may also differ. For this reason, it may not be appropriate to encompass all periodic signals/channels in one single configuration. From signalling efficiency point of view, it would be beneficial to support multiple semi-static beam configurations for the access link where each configuration is provided with independent starting time, duration, periodicity and priority. On the other hand, the dependency between different signals of the same kind, e.g., different SSBs, should be leveraged. For that reason, we propose a semi-static configuration that is based on periodicity, such that all time locations that have the same periodicity is included in the same semi-static configuration. A natural consequence of this configuration is that a present configuration replaces a previous configuration
[bookmark: _Toc118728210][bookmark: _Ref118197505][bookmark: _Toc118728828]RAN1 to agree on the maximum number [8] of the semi-static beam configurations where each configuration is provided with
· [bookmark: _Toc118728829]a periodicity,
· [bookmark: _Toc118728830]a priority,
· [bookmark: _Toc118728831]a sequence of beam indices, where
· [bookmark: _Toc118728832]each beam index is associated to a time domain resource, given by
· [bookmark: _Toc118728833]a slot index,
· [bookmark: _Toc118728834]a starting symbol, and
· [bookmark: _Toc118728835]a duration in number of symbols.
[bookmark: _Toc118728836]A recent semi-static configuration supersedes a previous semi-static configuration.
Access link dynamic beam configuration
The dynamic beam indication is used by the gNB to inform the repeater about the access link beams for forwarding scheduling-based signals/channels between gNB and UE, e.g., PDCCH, PDSCH, PUCCH, PUSCH, and Aperiodic (AP) CSI-RS scheduled for link adaptation or beam management etc. For this purpose, a new DCI format can be considered where such a DCI can provide dynamic beam indications for multiple sub-bands over certain time intervals. This means the DCI format needs to provide both spatial information (i.e., beam index) and time domain resource information. Considering the large number of possible combinations of spatial and temporal configurations, it will be beneficial to design the beam indication DCI following the design framework of DCI format 2_0/2_5. That is, the gNB provides the possible combinations of spatial and temporal configurations in inexpensive and preconfigured higher-layer parameters (e.g., RRC signalling), while the DCI format only conveys indices pointing to one or multiple higher-layer configured spatial and temporal resources, see Table 1. As already mentioned above, with this design, sub-band operation would easily be included in the DCI in that different indicator indices could be associated to different sub-bands of a repeater.
[bookmark: _Ref115266644]Table 1: DCI format 2_x sequence of dynamic beam pattern indicators containing beam pattern IDs.
	beamPatternIndicator 0
	beamPatternIndicator 1
	…
	beamPatternIndicator i-1



[bookmark: _Toc115465195][bookmark: _Toc118728837]A new DCI format is specified for access link beam indication which contains a set of beam pattern indications, one for each sub-band in a set of sub-bands.
[bookmark: _Toc115465196]FFS: Size of an indication and number of indications in the set.
[bookmark: _Ref115370029][bookmark: _Toc115465197][bookmark: _Toc118728838]A DCI format for dynamic beam indication follows the DCI format 2_0/2_5 framework with a DCI index field providing an index to an RRC configured table of beam indication patterns over consecutive time intervals.
It should be noted that the dynamic scheduling is mainly a consequence of dynamic determination of which UE to serve by which beam over which consecutive time instances. The time domain resource configuration in terms of signals/channels is rather fixed, typically following a predetermined TDD pattern, shared by all UEs served by the cell. Accordingly, the time domain resource configuration can be efficiently described using an inexpensive higher-layer parameter, according to the predetermined TDD pattern. In RAN1#110, RAN1 agreed to recommend both slot and symbol level granularity for the time resource indication. The question is then what flexibility is needed to efficiently represent variable time resources. Related to this question is also how RAN1 agrees to handle conflicts between semi-static configurations and dynamic indications of time domain resources. As discussed previously, dynamic indication will be used for UE-specific signals and channels, i.e., PDSCH, PDCCH, PUCCH, PUSCH, aperiodic CSI-RS etc. Table 2 presents some typical scheduling patterns for said signals and channels. Here, it is worth noting that most networks do not use a delay between PDCCH and PDSCH implying that the same beam will be used for the full slot by scheduling PDCCH, e.g., in the first symbol and PDSCH in subsequent symbols of the slot. Hence, for most slots it is sufficient to use the slot-based beam indication. On the other hand, symbol-by-symbol beam indication will be needed to enable, e.g., CSI-RS beam sweeping for link adaptation or beam management etc.
[bookmark: _Ref115277880]Table 2: Dynamically indicated signals and channels and their respective scheduling pattern
	Signal/channel
	Typical scheduling pattern

	PDCCH, PUCCH
	1st/2nd symbol in a slot

	PDSCH, PUSCH
	2nd/3rd to last symbols in a slot

	Aperiodic CSI-RS
	Symbol-by-symbol beam sweeping


Based on these highly varying requirements, we conclude that variable length time resources should be specified. In this respect, we think that any time resources should be limited by slot boundaries, i.e., a slot is always scheduled independently from its adjacent slot(s). An example of such varying time resource is presented in Table 3, where five relevant cases of time resources are presented:
1. One time resource with 14 symbols to allow for normal (K0=0) PDCCH/PDSCH operation,
2. Two time resources with 1+13 symbols to allow for shifted (K0>0 or K1>0 or K2>0) PDCCH/PDSCH or PUCCH/PUSCH operation (to different UEs),
3. 14 time resources with 14x1 symbols to allow for full flexibility,
4. Eight time resources with 7+7x1 (1+1+1+1+1+1+1) symbols for combined PDCCH/PDSCH and AP CSI-RS sweeping, and
5. Three time resources with 1+1+12 symbols to allow shifted (K1>0) PUCCH/PUCCH/PUSCH (to different UEs).
Although a substantial overhead would be required for Case 5 above, this is a case that would be configured as an exception. Typically, Case 1 or Case 2 would be used, depending on network configuration, allowing for efficient signalling of the preconfigured information.
[bookmark: _Ref115278374]Table 3: Example of preconfigured time mapping with variable time durations.
	
	Slot index

	
	0 (DL)
	1 (DL)
	2 (DL)
	3 (DL)
	4 (UL)
	…
	K-1

	Time resource lengths
	14 symbols
	1+13 symbols
	14x1 symbols
	7+7x1 symbols
	1+1+12 symbols
	…
	…

	Time resource indices
	0
	1:2
	3:16
	17:24
	25:27
	…
	N-k:N-1



Observation 1 [bookmark: _Toc115465182]Dynamic indication with variable length time resources is required to efficiently meet different signal and channel requirements.
a. [bookmark: _Toc115465183]Forwarding of PDCCH and PDSCH can typically use slot-based beam indication since a one-symbol PDCCH is often followed by a multi-symbol PDSCH in the same slot targeting the same UE.
b. [bookmark: _Toc115465184]Symbol-based beam indication is needed to enable e.g., CSI-RS beam sweeping for link adaptation or beam management.
The different time resources presented, as exemplified in Table 3, are then used to determine the duration of each beam in a set of beam patterns. Which beam pattern to apply is given by the beam pattern indicator in the new DCI format 2_x (see our Proposal 17). To summarize, Table 3 and Table 4 would be pre-configured by the help of higher-layer signalling whereas Table 1 would be provided dynamically through a new DCI format 2_x.
[bookmark: _Ref115288109]Table 4: Preconfigured table providing mapping between beam patterns and time domain resources.
	
	Time resource indices

	Beam pattern IDs
	0
	1
	2
	…
	N-1

	0
	A 1st beam pattern

	1
	A 2nd beam pattern

	2
	A 3rd beam pattern

	…
	…

	M-1
	An Mth beam pattern


There is no need to provide beam indication to all time domain resources. Some examples where the beam indication for a certain time resource is not provided are
· time resources which are provided with semi-static beam configuration which must not be overridden by other semi-static or dynamic beam indication, and
· time resource which are not scheduled for any UE.
Unless there is a valid dynamic beam indication, the repeater node should fall back to either its default OFF state or operate according to a configured semi-static configuration. Based on the above discussion, we propose the following:
[bookmark: _Toc115465198][bookmark: _Toc118728839]Provide by higher layers a pre-configured time domain resource table with variable resource durations.
[bookmark: _Toc115465199][bookmark: _Toc118728840]Provide by higher layers a pre-configured beam pattern table, including the mapping between the beam pattern and the preconfigured time domain resources for a specific beam pattern ID.
In RAN1#109-e [3], it was agreed that the time at which the repeater applies an access link beam indication should be considered. With this respect, and considering other configurations, it is worth noting that, in NR, the configuration application delay for different legacy DCIs depends mainly on the design principle of each DCI signalling. For example, HARQ ACK, DL and UL scheduling have associated K0/1/2 parameters ensuring common understanding on gNB and UE side when certain configured operation should take place. Some other DCIs, e.g., DCI format 2_0 and DCI format 2_5 start from the slot when the DCI format was detected. When the repeater has some form of beamforming capability, the repeater needs to know when a certain beam should be applied (on receive and transmit side), or equivalently by which delay relative to, e.g., reception. and when switching to a subsequent beam should take place. Oppositely, if the gNB wants a certain beam to be used on the access link, the gNB needs to know how long in advance it must signal a beam configuration. For this reason, knowledge of application time of the beam indication is indeed required. Depending on how the dynamic beam indication is configured and signalled, a repeater and a gNB require a similar mechanism to know when to apply certain configuration and when a certain configuration is applied, respectively. In addition, since the repeater node does not have (signal) storing functionality to allow for off-line processing/decoding, the configuration application time may also depend on e.g., the decoding time of side control information, and the required access link beam switching time.
[bookmark: _Toc111235232][bookmark: _Toc115465185][bookmark: _Toc118728807]The dynamic beam indication application delay depends on the design of dynamic beam indication and the repeater node processing time.
[bookmark: _Toc115465200][bookmark: _Toc118728841]RAN1/RAN4 to specify requirements on repeater node configuration processing time for DL and UL.
Backhaul link beam management
For Rel-18 repeater, the following agreements on backhaul link beamforming control were made in the RAN1#109-e-RAN1#110bis-e meetings [3]-[5].
	Agreement (RAN1#109-e)
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 (RAN1#109-e)
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 (RAN1#110bis)
· The following aspects should be NCR capability:
· Simultaneous UL transmission of C-link and backhaul link
· Adaptive beam for C-link/backhaul-link
· Note-1: Fixed beam for C-link/backhaul link is default capability
· Note-2: TDMed UL transmission of C-link and backhaul link is default capability.
· FFS: How to define the capability for adaptive beam for C-link/backhaul-link

Agreement (RAN1#110bis)
If adaptive beams are adopted for C-link and backhaul link, new signaling is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· Predefined rule is used to define the beam in case there is no indication via the new signalling
· FFS: Details of the predefined rule
· FFS: Application of predefined rule for other cases
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.
· The new signalling, if needed, is an optional NCR capability



From a network perspective, a repeater is an extension of the gNB, allowing the gNB to “bend its beams” at the location of the repeater. 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, very little need is expected for dynamic beamforming, to handle for example change of location, channel variations and network interference etc. 
In the RAN1#109e-RAN1#110bis-e meetings, it was agreed that both fixed beam and adaptive beam can be considered at the repeater for both control link and backhaul link. 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 recent RAN1-110bis-e meeting, it was further agreed that repeater backhaul beam capabilities will include
· Simultaneous UL transmission of C-link and backhaul link
· Adaptive beam for C-link/backhaul-link

In addition, a new dedicated backhaul beam indication signalling is an optional repeater capability, if needed. In our opinion, capability discussion is a RAN2 objective and should leave to RAN2 to decide. Secondly as discussed previously, considering the static and robust conditions of the backhaul channel (e.g., more than 4-9s availability (<10-4 unavailability) of the traditional wireless backhaul), introducing a dedicated new signalling for backhaul beam management is not justified.
To enable adaptive beam indication for the backhaul link, it was agreed 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 repeater-MT and repeater-Fwd operate on the same carrier. In addition, the same TCI states as the control link are assumed to be applied to beams at repeater-Fwd for the backhaul link. It should be noted that the repeater-Fwd can neither transmit repeater node specific reference signals nor have measurement capacity and thereby it is not possible for repeater-Fwd to update a TCI state used for the backhaul link. This means that for repeater-Fwd the existing repeater-MT’s TCI configuration should be re-used for communication towards the gNB in the backhaul link. In other words, the repeater-Fwd should be associated with a TCI state of the repeater-MT for backhaul operation. Considering the static and robustness nature of the backhaul channel, an implicit repeater-Fwd backhaul link TCI can be sufficient, based on, e.g., the repeater-MT’s activated TCI state for PDSCH. In this way, 
Observation 2 [bookmark: _Toc115462796]A repeater-Fwd has no measurement capacity and cannot update a TCI table used for the backhaul link.
[bookmark: _Toc115462815][bookmark: _Toc118728842]Unless the repeater-MT is simultaneously operating, as predefined rule, the repeater-Fwd uses the repeater-MT’s last indicated PDSCH TCI state for its backhaul link.
TDD UL/DL Configuration
[bookmark: _Hlk117757876]For Rel-18 repeaters, the following agreements on UL/DL TDD pattern signalling were made in the RAN1#109-e - #110bis-e meetings [3]-[5].
	Agreement (RAN1#109-e)
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 (RAN1#110)
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
· Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB 
· Note: It means that no new side control signalling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd

Agreement (RAN1#110bis-e)
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols
· FFS: The behavior over these symbol if dynamic DL/UL operation is supported by NCR-MT and/or NCR-Fwd.



Our understanding of the agreements from the RAN1#110 and RAN1#110bis-e meetings is that a repeater supports semi-statically indicated UL/DL transmission direction of flexible symbols, e.g., via TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigurationDedicated etc. It is reasonable to assume that a UE/repeater in the serving cell does not expect any conflicts in TDD UL/DL direction configurations with respect to other UEs/repeaters in the same serving cell. In addition, RAN1 has also agreed that the default behaviour of the semi-statically configured flexible symbol is OFF or NOT FORWARDING over these symbols. On the other hand, if dynamic DL/UL operation is supported, based on the reported repeater capabilities, we think the repeater-FWD should be allowed to follow the TDD operation determined by the repeater-MT (i.e., Option 2 of the agreement from the RAN1#110 meeting). Such a determination can be for example based on the received SFI indication (DCI 2_0) or repeater-MT scheduling from the controlling gNB. From that, it follows that both the semi-statically configured transmission direction (i.e., UL or DL) and the dynamically indicated transmission direction (i.e., flexible symbol) of the repeater-Fwd function can be principally derived from the repeater-MT configurations and, therefore, there is no need for additional TDD configuration provided to the repeater node. 
[bookmark: _Toc115465202][bookmark: _Toc118728843]The repeater-MT can indicate through capability signalling if it is supporting dynamic TDD UL/DL indication.
[bookmark: _Toc118728844]Based on capability, if the MT can determine its TDD operation on flexible symbols based on, e.g., the received SFI indication or scheduling from the controlling gNB, the repeater-Fwd follows the TDD operation determined by the repeater-MT.
[bookmark: _Toc118728845]No new dynamic side control signalling is introduced to indicate the repeater-Fwd DL/UL forwarding behaviour over flexible symbols.
ON/OFF signalling
For Rel-18 repeaters, the following agreements on ON/OFF signalling were made in the RAN1#109-e - #110bis-e meetings [3]-[5].
	Agreement (RAN1#109-e)
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 (RAN1#109-e)
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 (RAN1#110)
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.
· Note-1: This applies to the case regardless of the RRC state of NCR-MT.
· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
The above is not meant to imply any signalling design for NCR-Fwd ON-OFF.

Agreement (RAN1#110bis-e)
For the ON/OFF information indication, at least one of following options is supported to indicate the ON state of NCR
· Alt-1: Explicit indication with dedicated field to indicate ON state

· Note: At least it’s supported when the beam indication is not applicable
· Alt-2: Implicit indication via the beam indication
· Alt-3: Indication via the time domain resource indication (i.e., the NCR is assumed to be ON over the indicated time domain resource)

Conclusion (RAN1#110bis-e) 
An NCR is not expected to perform forwarding in “OFF” state.


It was agreed in RAN1#110 that the repeater-Fwd is always expected to be “OFF” unless configured otherwise. This means semi-static OFF configuration is not required since any time resource that is not semi-statically configured can be considered to be semi-statically configured OFF.
[bookmark: _Toc118728808]Semi-static OFF configuration is not required since any time resource that is not semi-statically configured can be considered to be semi-statically configured OFF
Some companies argue that explicit semi-static OFF is needed for the situation where an existing beam configuration needs to be deleted. In our view, the specification already implicitly supports semi-static OFF by the agreed default OFF behavior and the semi-static beam configuration could add to the implicit support. Semi-persistent activation/deactivation via MAC CE signaling is commonly used to support enabling and disabling semi-static configurations for the cases where an activation/inactivation is known to take place prior to the configuration. Furthermore, the case where only a part of an existing configuration needs updating or cancelling, is addressed by Proposal 14 (i.e., a recent semi-static configuration supersedes a previous semi-static configuration) above, by simply transmitting a new semi-static configuration for the given periodicity, thereby overwriting the old one.
For dynamic indication, it may be useful to indicate an OFF time within a dynamically indicated time, e.g., when scheduling less demanding traffic when not all time resources may be needed. Here, it is worth noting that OFF signalling is mutually exclusive from beam indication in the sense that no beam needs to be configured if the repeater-Fwd is configured OFF and vice versa. For this reason, from a signalling point of view, it is efficient to have a unified signalling framework for beam indication and OFF indication where, for instance, a null beam, e.g., a specific beam index “0”, is used for dynamic OFF indication.
During the meetings, some companies have argued about the need for the explicit ON indication in the cases when there is no beam indication, e.g., in FR1. With this respect, it is worth noting that both the SI and the WI are justified on and assume beam indication, and we do not think FR1 can/should deviate from that. We believe that in FR1 we can follow the same procedure as in FR2 by mandating at least one beam in addition to a null beam. Then, as for FR2, a beam indication would be equivalent to implicit ON and the null beam would be explicit OFF. This is not more complicated than implementing separate ON/OFF while it enables us to define a unified framework for ON/OFF indication via beam indication. Thus, implicit ON indication via beam indication is enough, and there is no need for implementing additional signalling for ON/OFF. In this way, given the short period of the WI, RAN1 does not need to further work on ON/OFF signalling. The above discussion can be summarized in the observations and proposals below.
[bookmark: _Toc118728809]Semi-static OFF can be handled by activation/deactivation of a semi-persistent configuration and semi-static re-configuration.
Observation 3 In FR1, repeaters can specify a single beam which will effectively correspond to ON alike FR2 operation.
[bookmark: _Toc118728810]Implementing explicit signalling for ON/OFF is not motivated.
[bookmark: _Toc118728233][bookmark: _Toc118728846]Support implicit ON indication via beam indication.
[bookmark: _Toc118728847]RAN1 to discontinue the discussions on ON/OFF signalling.
In Section 2.1.2, we propose to include access beam sub-band operation. Then, considering a unified framework for the dynamic ON/OFF and beam indication, the ON/OFF configuration will also be per repeater-Fwd sub-band.
[bookmark: _Hlk115255559][bookmark: _Toc118728848]ON-OFF configuration is configured per repeater-Fwd subband.
Finally, the transitioning from OFF to ON, i.e., the minimum latency between when an repeater-MT receives an ON/OFF indication and when the corresponding repeater-Fwd state is applied, can be considered as a repeater capability. There is already related base station specification for that [6]. It is stated a Tx power-on/off transient period of 3 µs for FR2 and 10 µs for FR1. We don’t see a reason why RAN1 should assume different requirements for repeater.
[bookmark: _Toc118728811]Requirements on repeater-Fwd w.r.t. Tx power ON, e.g., 3 µs in FR2 (10 µs in FR1) as for BSs also applies to repeater as a repeater capability.
Conclusion
In the previous sections we made the following observations: 
Observation 1	With only one set of beams, there is an inherent conflict between restricting cell-common signalling overhead using few beams and enabling high throughput using many beams for UE-specific signalling.
Observation 2	FR2 bands are commonly divided into multiple narrower carriers for which sub-band operation would be beneficial.
Observation 3	Allowing prioritization among semi-static configurations and the dynamic indication would allow for simpler configuration with substantially fewer dynamic combinations to be configured.
Observation 5	The dynamic beam indication application delay depends on the design of dynamic beam indication and the repeater node processing time.
Observation 7	Semi-static OFF configuration is not required since any time resource that is not semi-statically configured can be considered to be semi-statically configured OFF
Observation 8	Semi-static OFF can be handled by activation/deactivation of a semi-persistent configuration and semi-static re-configuration.
Observation 10	Implementing explicit signalling for ON/OFF is not motivated.
Observation 11	Requirements on repeater-Fwd w.r.t. Tx power ON, e.g., 3 µs in FR2 (10 µs in FR1) as for BSs also applies to repeater as a repeater capability.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The repeater reports its number of fundamental beams in a first dimension, and based on capability, the number of beams in a second dimension.
Proposal 2	Specify a beam expansion capability indicating the repeater is able to form different levels of wider beams in addition to its set of fundamental beams.
Proposal 3	The gNB is provided with the following access link beam information about repeater properties
	total coverage range e.g., in terms of zenith angle and azimuth angle
	beam constellation e.g., in number of beams in each dimension (MxN)
FFS whether the information is provided jointly for all beam types or individually per beam type.
Proposal 4	Relate beam index to spatial properties of the beam for different beam types and for both one- and two-dimensional beam constellations.
Proposal 5	For a one-dimensional beam array, the gNB may assume that spatially adjacent beams have adjacent beam indices.
Proposal 6	For a two-dimensional beam array, the gNB may assume that indices of spatially adjacent beams have the same or adjacent beam indices in both the first and second dimension (e.g., two-dimensional wide beam indexing where an increased x-value corresponds to increasing azimuth angle and an increased y-value corresponds to increased zenith angle).
Proposal 7	The maximum number of repeater beams should be specified and be [8] (wide) SSB beams and [16] (narrow) CSI-RS beams.
Proposal 8	The repeater is provided with the network’s requested service range and the repeater’s supported service range by higher layers to determine the appropriate repeater beams to use for a given deployment.
Proposal 9	RAN1 to focus on what constitutes the minimum required beam information. How to provide that information to the gNB is up to RAN2/RAN3.
Proposal 10	The time unit for access beam indication (expressed in terms of an SCS) provided by the controlling gNB is valid for both semi-static and dynamic beam indications.
Proposal 11	Support access link sub-band operation allowing for independent beam scheduling among different sub-bands.
Proposal 12	The controlling gNB determines which gNB cells to be forwarded by the repeater node based on the reported frequency domain information from the repeater node.
Proposal 13	Include priorities in the semi-static beam configuration to allow the repeater to know whether the semi-static configuration or a dynamic indication (or which one of any conflicting semi-static configurations) should be prioritized in case of a conflict.
Proposal 14	RAN1 to agree on the maximum number [8] of the semi-static beam configurations where each configuration is provided with
	a periodicity,
	a priority,
	a sequence of beam indices, where
	each beam index is associated to a time domain resource, given by
o	a slot index,
o	a starting symbol, and
o	a duration in number of symbols.
Proposal 15	A recent semi-static configuration supersedes a previous semi-static configuration.
Proposal 16	A new DCI format is specified for access link beam indication which contains a set of beam pattern indications, one for each sub-band in a set of sub-bands.
Proposal 17	A DCI format for dynamic beam indication follows the DCI format 2_0/2_5 framework with a DCI index field providing an index to an RRC configured table of beam indication patterns over consecutive time intervals.
Proposal 18	Provide by higher layers a pre-configured time domain resource table with variable resource durations.
Proposal 19	Provide by higher layers a pre-configured beam pattern table, including the mapping between the beam pattern and the preconfigured time domain resources for a specific beam pattern ID.
Proposal 20	RAN1/RAN4 to specify requirements on repeater node configuration processing time for DL and UL.
Proposal 21	Unless the repeater-MT is simultaneously operating, as predefined rule, the repeater-Fwd uses the repeater-MT’s last indicated PDSCH TCI state for its backhaul link.
Proposal 22	The repeater-MT can indicate through capability signalling if it is supporting dynamic TDD UL/DL indication.
Proposal 23	Based on capability, if the MT can determine its TDD operation on flexible symbols based on, e.g., the received SFI indication or scheduling from the controlling gNB, the repeater-Fwd follows the TDD operation determined by the repeater-MT.
Proposal 24	No new dynamic side control signalling is introduced to indicate the repeater-Fwd DL/UL forwarding behaviour over flexible symbols.
Proposal 25	Support implicit ON indication via beam indication.
Proposal 26	RAN1 to discontinue the discussions on ON/OFF signalling.
Proposal 27	ON-OFF configuration is configured per repeater-Fwd subband.
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