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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
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 the NCR-MT beam management capabilities and the NCR-Fwd behaviour during the C-link BFR/RLF in our accompanying contribution [2].
[bookmark: _Ref178064866]Discussion
Access link
In the RAN1 #111 meeting, the following agreement was made regarding the provision of the beam information of NCR-Fwd access link to the controlling gNB [3]:
	Agreement (RAN1#111)
The following is supported to deliver the information to characterize the supported physical beam of NCR-Fwd for access link: 
Option-2: The information is informed to gNB and NCR via OAM
· Note-1: In this option, how to characterize the beam information is based on implementation (e.g., declaration from NCR vendor).
· Note-2: In this option, the beam(s) used by NCR-Fwd for access link is configured for gNB and NCR by OAM based on implementation. 
· The beam index in SCI corresponds to the configured beam(s) sequentially. 


According to the above-mentioned agreement, the total number of NCR access beams is unspecified and thus so far not limited. From a practical point of view, the maximum number of beams for periodic and aperiodic signals that can be configured is closely related to the maximum number of repeater nodes associated to a 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 or used for a repeater node are under control of the operator, it could be preferred to leave both to an operator decision. However, the complexity of side control information and the repeater management by the gNB will increase significantly with the number of repeater beams and as a result reducing the attractiveness for supporting repeaters. More importantly, in the signalling design for periodic and aperiodic beam configuration, it is useful to know how many repeater beams to assume to reserve the number of bits for the beam indication field. Therefore, we think a maximum number should be specified, and propose a maximum of 24 beams per cell, for instance, a maximum of 8 (wide) SSB beams and 16 (narrow) CSI-RS beams.
[bookmark: _Toc126233794][bookmark: _Toc127561443]The repeater does not expect more than [24] beams per cell.
Periodic beam configuration
For Rel-18 repeater, the following agreements on periodic access link beamforming control were made in the RAN1 #111 meeting [3]:
	Agreement (RAN1#111)
For each periodic beam indication for access link, one RRC signalling is used including the information defined by the following:
A list of X () forwarding resource, each is defined as {Beam index, time resource}
FFS: The value of , other details
Each time resource is defined by {Starting slot defined as the slot offset in one period, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.
The periodicity is configured as part of the RRC signaling for periodic beam indication
· The same periodicity is assumed for all time resource(s) in one periodic beam indication.
The reference SCS is configured as part of the RRC signaling for periodic beam indication
· The same reference SCS is assumed for all time resource(s) in one periodic beam indication.


[bookmark: _Hlk120806868]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, SRS, 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 respective RF signal 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 interaction between repeater and gNB.
Regarding the dedicated or access-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-like directions, subject to individual scheduling decisions and therefore would benefit greatly from dynamic beamforming control.
In the RAN1#111 meeting, it was further agreed that each periodic beam configuration has an associated periodicity. The range of the configurable periodicities for periodic beam configurations which will need to be provided to RAN 2 for the design of upper layer parameters should cover a wide range of periodic signals supported by NR, including e.g., SSB, TRS, PRACH, System Information, paging, Coreset 0, periodic CSI-RS, SRS etc. Among the above-mentioned periodic NR signals, the periodicities are provided in either slots (e.g., TRS, CSI-RS, SRS) or ms (e.g., SSB, SIB1, paging). We think the periodicity of a periodic NCR beam configuration should also be given in unit of either slot or ms, for example based on the length of the period. Additionally, the maximum number of the forwarded resources (a beam/time resource pair) in one periodic beam configuration will depend on the associated periodicity, (i.e., periodicity in slots x 14). It should be noted that a periodic beam configuration with a long periodicity can in principle be used to forward all periodic signals/channels which have shorter or same periodicities as the configured beam configuration periodicity. On the other hand, configuring multiple separate periodic beam configurations for different forwarded signals/channels is beneficial to increase the network configuration flexibility, in terms of updating, or activation/deactivation of a configuration etc. We think that a reasonable maximum number of periodic beam configurations could be 32.
[bookmark: _Toc126233781][bookmark: _Toc127561440]For NR supported periodic signals, periodicity is provided in slots or ms.
[bookmark: _Toc127561441]The maximum number of time resources in one periodic beam configuration, Xmax, depends on the associated periodicity.
[bookmark: _Toc126233795][bookmark: _Toc127561444]The range of the configurable periodicities for periodic beam configuration includes the following values
· [bookmark: _Toc126233796][bookmark: _Toc127561445]{10 20 40 80 160 320 640 1280 2560} slots
· [bookmark: _Hlk122601772][bookmark: _Toc126233797][bookmark: _Toc127561446]{10 20 40 80 160 320 640 1280 2560} ms
[bookmark: _Toc126233798][bookmark: _Toc127561447]The maximum number of periodic beam configurations is [32].
The relation between periodic beam configurations and aperiodic beam indications is not straightforward. Typically, dynamic indications take precedence over semi-static configurations. But for the above-mentioned semi-statically configured periodic signals, e.g., SSB, SIB, CSI-RS etc, that may no longer be preferred. The first group of periodic signals/channels, such as cell-common broadcast signals/channels (e.g., SSB), 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 does not know on its own which of the semi-static configurations should be prioritized over other semi-static configuration or dynamic indications and which should not. 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. Unfortunately, there is no way for the repeater to know the difference between prioritized cell-common signals and unprioritized periodic measurement CSI-RS. Introducing prioritization among the period beam configuration would allow for that discrimination.
[bookmark: _Toc115462800][bookmark: _Toc118728806][bookmark: _Toc126233783][bookmark: _Toc127561442]Allowing prioritization among periodic beam configurations and the aperiodic beam indication would allow for simpler configuration with substantially fewer and less dynamic configuration updates.
[bookmark: _Toc126233799][bookmark: _Toc127561448]Include priorities in the periodic beam configuration to allow the repeater knowing which of the periodic configurations or an aperiodic indication should be prioritized in case of a conflict.
In NR, a UE can be configured with multiple BWPs, each with individual numerology. Hence, RAN1 agreed that each periodic beam configuration has an associated SCS. It is expected that for a certain time instance only a subset of periodic beam configurations which have the same SCS as the active BWP of the NCR-MT are activated. In other words, only periodic configurations with the same reference SCS as the active BWP should be valid. Accordingly, in our opinion, all periodic beam configurations could be enabled/disabled following the MAC CE based BWP activation/deactivation signalling.  
In previous discussions, some companies argued that explicit semi-static OFF is useful for the situation where an existing beam configuration needs to be deleted. In our view, the semi-persistent activation/deactivation via MAC CE signalling can be 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.
[bookmark: _Toc126233800][bookmark: _Toc127561449]Semi-persistent beam configuration follows specification for periodic beam configuration with an additional enabling/disabling via MAC CE.
In fact, we would prefer to go even one step further to allow enabling all periodic beam configuration via MAC CE.
[bookmark: _Toc126233801][bookmark: _Toc127561450]All periodic beam configurations can be enabled/disabled via MAC CE.
The application timing of the semi-static and semi-persistent beam configurations can re-use the legacy methods for a normal UE. For the semi-static beam configuration, the application timing could be 3ms (i.e., 24 slots for SCS 120kHz) after the ACK for the PDSCH carrying the RRC update information. Similarly, the application timing for the semi-persistent beam configuration could be 3ms (assuming SCS 120kHz) after the ACK of the PDSCH carrying the MAC CE update information. Generally, the application timing could follow the MAC CE TCI State Switching Delay, according to TS 38.133, Section 8.10.3 [4].
[bookmark: _Toc126233802][bookmark: _Toc127561451]The application timing of the semi-static and semi-persistent beam configuration follow the MAC CE TCI State Switching Delay, according to TS 38.133, Section 8.10.3. Alternatively, ask RAN4 for guidance.
Aperiodic beam indication
In RAN1 #111, the following agreements on aperiodic access link beamforming control were made [3]:
	Agreement (RAN1#111)
For each aperiodic beam indication for access link, one DCI is used with the information defined by 
Option-1: 
 fields are used to indicate the beam information and each field refers to one beam index ; 
· Note: The bitwidth of this field is determined by the number of beams used for access link. 
 fields to indicate the time resource;
· Note: A list of time resource is pre-defined by RRC signalling. The bitwidth of this field for time resource indication is determined by the length of list. 
FFS: The value of  
· Down-select between or .
FFS: How to define the association between time indication and beam indication
Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.


For periodic signals, the numerology/reference SCS is provided in each semi-static configuration. In case of dynamic beam indications of aperiodic signals/channel, the numerology/SCS is also needed and can be provided explicitly or implicitly. In our opinion, the implicit provision of the numerology/SCS could be sufficient, for example, by following the same SCS as the activated BWP of the control link.
[bookmark: _Toc126233803][bookmark: _Toc127561452]For access link dynamic beam indication, the NCR assumes the same SCS for starting time and duration as configured in the activated BWP for NCR-MT.
In the RAN1 #111 meeting, it was agreed that there will be separate beam indication and time resource indication fields in the DCI for dynamic access link beam indication, where each beam indication is allocated with one beam indication field. In contrast, each time resource indication field can potentially be assigned in one option to one time resource (Figure 1) or in another option to multiple time resources (Figure 2). In our understanding of the agreement from the RAN1 #111 meeting, the above alternatives correspond to when (Alt-1), one time resource indication field will indicate one time resource, and when  (Alt-2), one time resource indication field will indicate multiple time resources, respectively. In both cases, the time resource indication field is mapped to a time resource ID which is pointing to a pre-defined higher layer (RRC) list of time resources, where one time resource ID is mapped to one time resource when , and one time resource ID is mapped to multiple time resources when . For Alt-1 ()  the design of the higher layer time resource list is straightforward but without much design flexibility. The inefficient signalling design results in an unnecessarily and undesirably small value of maximum number of beam indications in one DCI. In a simple example, we assume that,
each beam indication field will use 5 bits to indicate maximum 24 NCR access beams (including both wide and narrow beams);  
each time resource field will use 7 bits to indicate the starting symbol and the duration of consecutive symbols (motivated by that there are 105 SLIV values), and 3 bits to indicate the slot offset (motivated by a scheduling horizon up to 8 slots);
a beam number field to indicate the number of beam indications carried in the DCI.
Based on above assumption of required bits per time/beam indication (5+7+3 bits), each of such DCI can only provide up to 9 beam indications (considering a maximum DCI size of 140 bits). In our opinion, a maximum number of 9 beam indications per DCI is insufficient in most scenarios considering one DCI may carry beam indications for multiple slots, and where some slots may be scheduled by wide and/or narrow beam sweeping for UEs etc.
Different from Alt-1, Alt-2 is more efficient from the signalling point of view and allows significantly increased design flexibility as we explain in the following.
Assuming a maximum DCI payload size of 140 bits and 5 bits required for each beam indication, a DCI can easily provide 25 beam indications assuming a maximum RRC configured time resource table of length of 12 bits (see also Figure 2). Although this is just an example, it clearly demonstrates that Alt-2 is far more efficient in how many beam and time resources can be indicated per DCI. The reduced flexibility in the timing indications from selecting Alt-2, is not a problem in practice. Considering the commonly used TDD 4:1 or 3:1 pattern, during operation, the allocation of the time domain resources to the various signals/channels is rather systematic and of repetitive type (e.g., PDCCH at fixed locations within the TDD pattern), whereases the randomness is mainly with the dynamically scheduled UE, i.e., which NCR access beam to allocate. Hence, it will be more efficient to group the time domain resources following the selected TDD pattern. We therefore think that in the down-selection between or , 3GPP should decide .
Based on the above discussion, we prefer Alt-2, that one time indication field indicates multiple time resources. 
[bookmark: _Toc126233804][bookmark: _Toc127561453]One time indication indicating multiple time resources is provided by DCI (i.e., Tmax = 1).
[bookmark: _Toc126233805][bookmark: _Toc127561454]A pre-configured time domain resource list is provided by higher layers, where each list index is mapped to a sequence of variable number of time resources.
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[bookmark: _Ref124326649]Figure 1: An example of the dynamic beam indication DCI for Tmax = Lmax.
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[bookmark: _Ref124326657]Figure 2: An example of the dynamic beam indication DCI for Tmax = 1.
In RAN1#109-e [5], it was agreed that the time at which the NCR 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 was detected. Depending on how each NCR side control signalling is configured and signalled, NCR and gNB require a similar mechanism to know when to apply certain dynamic configuration. Since the NCR does not decode the forwarded signals/channels, we prefer a fixed application timing of the dynamic beam indication, i.e., the beam indication DCI starts from the first slot after the slot where the NCR detects the DCI, see an example in Figure 3.
[bookmark: _Toc126233806][bookmark: _Toc127561455]The beam indication in DCI starts from the first slot after the slot where the NCR detects the DCI.
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[bookmark: _Ref123556134]Figure 3: An example illustrating that the application timing of the beam indication DCI is the first symbol of the next slot after the slot where the NCR detects the DCI.

Each beam indication DCI can only provide a limited number of beam indications, and an efficient DCI design is of great importance. To maximize the usage of each beam indication DCI, it should be allowed that multiple beam indications of the same slot are distributed to multiple DCIs, i.e., an NCR is expected to receive multiple DCIs which contain beam indications for the same slot. If an NCR receives dynamic indication from two or more DCIs for the same symbol(s), the later arrived DCI overrides the earlier arrived DCI.
[bookmark: _Toc126233807][bookmark: _Toc127561456]An NCR can receive multiple DCIs which contain beam indications for the same slot.
[bookmark: _Toc126233808][bookmark: _Toc127561457]If an NCR receives dynamic beam indication by more than one DCIs for the same time resource, the later beam indication overrides the earlier beam indication for that time resource.
Backhaul link
The following agreement on the backhaul link was made in RAN #111 [3]:
	Agreement (RAN1#111)
The semi-static beam indication for backhaul link is supported as:
· If the beam indication framework in Rel-15 is used for NCR-MT
· The DL beam is indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
· The UL beam is indicated by SRI on C-link via MAC CE.
· If the beam indication framework in Rel-17 is used for NCR-MT
· The DL and UL beam are indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link


As agreed in the RAN1#111 meeting, for both FR1 and FR2, the “ON” state of NCR-Fwd is indicated implicitly via the beam indication. The access link beam indication has always an associated time resource configuration. However, the explicit backhaul link beam indication is activated by a MAC CE command (see above agreement) and will be valid until the next MAC CE command – valid irrespective of any provided access link beam indication. In our opinion, a further clarification is needed for the time resource configuration of the backhaul link beam indication, i.e., the enabling of the backhaul link beam follows the time resource configuration of the access beam indications.
[bookmark: _Toc126233809][bookmark: _Toc127561458]The enabling of the backhaul link beam follows the time resource configuration of the access beam indications. 
ON/OFF
In RAN1 #110 and RAN1#111 meetings [3][6][6][6][6], the following were agreed regarding ON/OFF:
	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#111)
For FR2, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Implicit indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))


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 implicitly configured OFF. Regarding the dynamic ON/OFF signalling for the repeater-Fwd, it is worth noting that OFF is mutually exclusive from beam indication in the sense that no beam needs to be configured if repeater-Fwd is supposed to be configured OFF and vice versa. However, a reasonable assumption is that both semi-static and dynamic beam indications will be provided for a sequence of consecutive symbols or slots or combinations. For this reason, a dynamic OFF indication to, e.g., disable individual beams of periodic beam configurations, via a null beam, may be advantageous to simplify signalling.
[bookmark: _Toc126233811][bookmark: _Toc127561459]The repeater can expect that one beam index represents a null beam to indicate dynamic OFF, e.g., to disable individual beams of periodic beam configurations.
Conclusion
In the previous sections we made the following observations: 
Observation 1	For NR supported periodic signals, periodicity is provided in slots or ms.
Observation 2	The maximum number of time resources in one periodic beam configuration, Xmax, depends on the associated periodicity.
Observation 3	Allowing prioritization among periodic beam configurations and the aperiodic beam indication would allow for simpler configuration with substantially fewer and less dynamic configuration updates.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The repeater does not expect more than [24] beams per cell.
Proposal 2	The range of the configurable periodicities for periodic beam configuration includes the following values
	{10 20 40 80 160 320 640 1280 2560} slots
	{10 20 40 80 160 320 640 1280 2560} ms
Proposal 3	The maximum number of periodic beam configurations is [32].
Proposal 4	Include priorities in the periodic beam configuration to allow the repeater knowing which of the periodic configurations or an aperiodic indication should be prioritized in case of a conflict.
Proposal 5	Semi-persistent beam configuration follows specification for periodic beam configuration with an additional enabling/disabling via MAC CE.
Proposal 6	All periodic beam configurations can be enabled/disabled via MAC CE.
Proposal 7	The application timing of the semi-static and semi-persistent beam configuration follow the MAC CE TCI State Switching Delay, according to TS 38.133, Section 8.10.3. Alternatively, ask RAN4 for guidance.
Proposal 8	For access link dynamic beam indication, the NCR assumes the same SCS for starting time and duration as configured in the activated BWP for NCR-MT.
Proposal 9	One time indication indicating multiple time resources is provided by DCI (i.e., Tmax = 1).
Proposal 10	A pre-configured time domain resource list is provided by higher layers, where each list index is mapped to a sequence of variable number of time resources.
Proposal 11	The beam indication in DCI starts from the first slot after the slot where the NCR detects the DCI.
Proposal 12	An NCR can receive multiple DCIs which contain beam indications for the same slot.
Proposal 13	If an NCR receives dynamic beam indication by more than one DCIs for the same time resource, the later beam indication overrides the earlier beam indication for that time resource.
Proposal 14	The enabling of the backhaul link beam follows the time resource configuration of the access beam indications.
Proposal 15	The repeater can expect that one beam index represents a null beam to indicate dynamic OFF, e.g., to disable individual beams of periodic beam configurations.
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