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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#111, the agreements related to NCR side control information and behavior are as following:

Agreement
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. 

Agreement
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))

Agreement
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

Agreement
The following pre-defined rules are applied to determine the beam for backhaul link:
· In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link regardless whether there is beam indicated by the dedicated signal for backhaul link.
· In the time domain resource without simultaneous downlink reception or uplink transmission in C-link and backhaul link, if the NCR does not support capability with the new signalling for backhaul beam indication or if no beam is indicated for backhaul link by the dedicated signal, 
· When Rel-15/16 beam indication framework is used for C-link, 
· The beam determined by QCL assumption for CORESET with the lowest ID and spatial relationship for PUCCH with lowest PUCCH resource ID in the C-link is applied for the DL and UL of backhaul link, respectively.
· When Rel-17 beam indication framework (i.e., unified TCI framework) is used for C-link, the indicated unified TCI for C-link DL and UL is applied for the DL and UL of backhaul link, respectively.
Otherwise, the beam indicated by the dedicated signalling is applied for backhaul link.

Agreement
For FR1, the “ON” state of NCR-Fwd is indicated:
Alt-2: 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))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd

Conclusion
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the dynamic DL/UL operation of NCR-MT and NCR-Fwd is not supported in Rel-18.

Agreement
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.

Agreement
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.

In this contribution, we discuss the remaining issues related to NCR side control information and behavior.
2 Discussion
2.1 Beam information
2.1.1 Measurement and reporting
To determine the beam for backhaul link and access link, the measurement/reporting can be performed separately. As shown in Fig 1, in step 1, gNB transmission of CSI-RS and repeater measurement/reporting can be performed to determine the proper beam for gNB transmission and repeater reception. In step 2, with the selected gNB transmission beam and repeater reception beam, a new CSI-RS set can be transmitted from gNB, forwarded by repeater and measured/reported by UE to determine the proper repeater transmission beam for access link. When performing forwarding in step 2, the gNB transmission beam and repeater reception beam should be consistent with the selected corresponding beam, and only beam sweeping for access link at repeater and UE side are necessary.
[image: ]
Fig 1. Separate beam measurement/reporting for backhaul link and access link
To determine the proper beam for access link for DL/UL channel, CSI-RS/SRS transmission/measurement/reporting in legacy release can be reused. To make it transparent to UE, for DL beam measurement/reporting based on CSI-RS, a NZP CSI-RS set can be configured to UE, and it can be configured with repetition set to be off. Different NZP CSI-RS in the set can be associated with different downlink access link beam id. Based on UE measurement of corresponding RS in the RS set and reporting of RS index and corresponding RSRP/RSRQ/SINR, a suitable beam id can be identified at gNB side and used for further downlink communication between NCR and UE. 
There is already agreement on backhaul link beam indication by explicit or implicit signaling based on R 15/16 or R16 TCI indication framework. As the backhaul link is transparent to NCR, we think the backhaul link beam indication should also be associated with a time resource. In fact, it can correspond to the time domain resource of a periodic/aperiodic NZP-CSI-RS resource set
Proposal 1: Support association between backhaul link beam indication and time resource.
The transmission rank/precoder between gNB-NCR-UE will also be impacted by the number of antenna elements/ports at the NCR. For example, if there are 8 antenna elements at gNB side, 4 antenna elements at NCR and 2 antenna elements at UE side, the transmission rank will be restricted to 2, and the indicated precoder to UE will be a 4*2 matrix rather than a 8*2 matrix. It is preferred the supported antenna elements to be reported from NCR to gNB for proper precoder/rank setting.
Proposal 2: Consider reporting the number of supported antenna elements/ports of NCR to gNB.
2.1.2 Beam indication to NCR
To accommodate different DL/UL channel/RS between gNB and UE, association between access link beam id and time domain resource may be different. 
For a time domain resource corresponding to SSB, some predefined pattern can be determined at NCR. The corresponding time domain resource may be different for different SCS or operating band. Beam id set corresponding to SSB index can be indicated to NCR. There may be also SSB index update in legacy release. Some SSB index may be further set to be on/off based on RRC configuration. So a new beam id set should also be indicated to NCR. If a beam id is not in the new beam id set, NCR-Fwd behaviour at corresponding time domain resource can be considered to be off, otherwise, NCR-Fwd can be considered to be on and associated with corresponding beam id.
For a time domain resource corresponding to RO, there should be some configured time domain pattern to indicate a set of ROs, and an index can be used to indicate the set of ROs. With the indicated ROs as time domain resources, beam id sets can be configured to associate with the set of ROs. The beam id set can be the SSB index set for initial access procedure. The beam id set can also be the candidate beam RS list for the beam failure recovery procedure. A starting position to start the mapping between RO and beam id should be indicated to NCR.
For a time domain resource corresponding to PUSCH transmission with repetition, there will also be a set of time domain resources indicated by slot-level offset, SLIV, repetition number. Additionally, whether a PUSCH repetition is performed or not is also based on TDD configuration and SSB configuration. If there is contradict between time domain resource indicated for PUSCH transmission/repetition and TDD configuration/SSB configuration, the corresponding time domain resource will be considered to be downlink, and corresponding PUSCH occasion will be dropped. To determine the NCR forwarding operation for access link, for the time domain resource corresponding to PUSCH repetition, whether NCR is on or off will also depend on the TDD configuration and SSB configuration. The TDD configuration can be TDD config common or TDD config dedicated. The SSB configuration may be indicated with other association between beam id and time domain resources.
As there are various kinds of association between time domain resource and beam id or beam id set. For a specific time domain resources, there may be more than 1 association to beam id, which is similar to the case that SSB/PDSCH/CSI-RS are in a same symbol. In this case, only one beam id should be determined. Different associations can be associated with different priorities. And when there is contradiction, the association with higher priority will take effect. The priority can be explicitly configured or implicitly determined.
Proposal 3: Support to determine a priority for association between time domain resource and beam id.
There are also discussions on SCS for the start time, duration and periodicity for time domain resource associated with a beam id or a beam set. There is already agreement on indication SCS for periodic beam indication for access link. Our view is that for aperiodic beam indication for access link, the SCS should be also determined, and explicit configuration is preferrable due to the reason that the time domain resource may correspond to different channel/RS, and a unified approach is simple and clear.
Proposal 4: Support indication of SCS associated with the time domain resource for access link beam indication.
The beam transmission from gNB perspective towards the repeater in the backhaul link doesn’t require frequent beam switching as the gNB and repeater both have fixed location and a single backhaul beam for NCR-Fwd can be used for all UEs connected via the repeater for a certain time duration. Therefore, for efficient UE scheduling, it is still possible from gNB perspective to use the same transmission beam and schedule multiple UEs in the frequency domain in the same slot/symbol, while the UEs are served by different access beams at the repeater access link due to different UE locations. This is possible when the repeater can generate different access link beams at different frequency domain resources. This enhances the scheduling efficiency, but at the same time requires consideration when determining and indicating the beam indexes and the corresponding time domain resources to the repeater for the access link.
Proposal 5: Consider access beam determination and indication if multiple UEs are FDM-scheduled in the same slot/symbol.
Beam indication is used for multiple procedures in legacy NR network, such as DL/UL RS for measurement/reporting, PDSCH/PUSCH/PDCCH/PUCCH scheduling, as well as initial access procedure and beam failure recovery procedure. During the initial access procedure, a UE selects a RO associated with a SSB, and transmits preamble in that RO. At gNB side, by preamble detection in a RO and the association between SSB and RO, both gNB and UE can have common understanding on the selected beam for DL/UL communication. And following RAR/msg3/msg4 and feedback for msg4 can use the same selected beam. For BFR procedures, similar mechanism is adopted, and the main difference from random access procedure is that a new beam in the candidate beam RS list replaces the UE selected SSB in the random access procedure. In a word, both random access and BFR procedure adopts some kind of implicit beam determination. With introduction of network-controlled repeater, even though the repeater can determine the corresponding beam for SSB and RO based on association between beam and time domain resource, the repeater can’t know the implicit determined beam used for following RACH and BFR procedure. Some kind of beam indication or association may be necessary for proper repeater operation. It can be by an aperiodic beam indication or by define association between multiple beams and time domain resources.
Proposal 6: Consider the beam determination in RACH and BFR procedure for NCR.
It has been agreed in the previous meeting that same beam/TCI state can be assumed for both C-link and Fwd backhaul link, when the NCR-MT and NCR-Fwd are operating in the same carrier. This is since the large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable) for both the links are expected to be same for the same frequency band. However, if the NCR-MT is working with a different component carrier than the forward link, or in the case of multiple TRPs, where one TRP controls the NCR while a Fwd backhaul link is established to another TRP/ RRH of the base station, then the channel properties of the two links can be different. Therefore, indication of the spatial info for each CC and/or for each TRP needs to be signaled to the repeater for receiving/transmitting the RF DL/UL signals with assuming the C-link beam as a default beam as shown in the example of Fig. 2. 
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Fig 2. Beam indication for backhaul Fwd-link in case of multiple CCs
The spatial relation assumptions can be determined based on the time offset between receiving/decoding the side control information and receiving/transmitting of the forwarded channels in the backhaul. 
There may be multiple TRPs at the gNB side, and the link between gNB and repeater can contain a link between TRP#1 to repeater and TRP#2 to repeater as shown in Fig 3. Similar mechanisms introduced for multiple TRP between gNB-UE should be reused as much as possible for the link between multi-TRP gNB and repeater. Schemes such as FDM, TDM, SDM and SFN should also be considered for multi-TRP gNB and repeater. There may be a difference between multi-TRP gNB-repeater and multi-TRP gNB-UE. For a single UE, the association between different TCI states/corset pool index and different time/frequency domain resources is based on the scheduled/indicated time/frequency domain resource for the UE. While for repeater, the associated time/frequency domain resource may be for multiple UEs served by the repeater.
Proposal 7: Consider the scenario when there are multiple TRPs for the gNB-repeater link.
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Fig 3. Multi-TRP for backhaul link
[bookmark: _Hlk90342265]There may be multiple connected repeaters to the gNB that can be used to serve a UE if the UE is in the proximity of these repeaters. A joint transmission from the two repeaters configured within the same cell can improve the throughput (via joint transmission) and/or reliability (utilizing diversity via TDM/FDM transmission). For instance, under non-coherent joint transmission with two repeaters configured within the same cell, the two repeaters may jointly communicate with one UE to transmit two sets of layers corresponding to at least one codeword. An illustration of this scenario is provided in Figure 4.
Proposal 8: Consider joint transmission from multiple repeaters to serve a UE.

[image: ]
[bookmark: _Ref90483482]Fig 4. Example illustrating a setup with two repeaters switched ON simultaneously to serve one UE
2.2 ON/OFF information
If the gNB enters the network energy saving mode such as reduced carrier, beam/antenna panels, SSB sweeping period depending on the traffic load, in this case, it might be useful to send an indication to the repeater with ON/OFF signalling or reducing the capabilities of the repeater so that the repeater also enters the energy saving mode along with the gNB for both energy saving and interference minimization. If the repeater is served by multiple TRPs, then the repeater enters the network energy saving mode only if all TRPs are in energy saving mode.
Proposal 9: Consider alignment of network energy saving mode between the gNB and repeater.
In case of multiple repeaters, the ON/OFF control information can be coordinated such that no two repeaters that have a strong channel gain to a same UE can be activated simultaneously. Note that adding more repeater(s) to a cell may have detrimental impact on network performance, since the additional repeater(s) may increase the inter-cell interference on out-of-cell UEs. For instance, instead of turning ON/OFF repeaters in a TDM fashion, if the selected Tx beams corresponding to the two repeaters would lead to negligible interference, then both repeaters can be turned on simultaneously, otherwise, both repeaters cannot be turned on simultaneously. An illustration of this scenario is provided in Fig 5.
Proposal 10: Consider ON/OFF patterns for interference avoidance including determination of the granularity of the ON and OFF durations. 

[image: ]
[bookmark: _Ref90483498]Fig 5. Example illustrating a setup with two repeaters switched ON/OFF based on the Tx beam
3 Conclusion
In this contribution, we discussed the issues related to side control information for network-controlled repeater, and our proposals are as following:
Proposal 1: Support association between backhaul link beam indication and time resource.
Proposal 2: Consider reporting the number of supported antenna elements/ports of NCR to gNB.
Proposal 3: Support to determine a priority for association between time domain resource and beam id.
Proposal 4: Support indication of SCS associated with the time domain resource for access link beam indication.
Proposal 5: Consider access beam determination and indication if multiple UEs are FDM-scheduled in the same slot/symbol.
Proposal 6: Consider the beam determination in RACH and BFR procedure for NCR.
Proposal 7: Consider the scenario when there are multiple TRPs for the gNB-repeater link.
Proposal 8: Consider joint transmission from multiple repeaters to serve a UE.
Proposal 9: Consider alignment of network energy saving mode between the gNB and repeater.
Proposal 10: Consider ON/OFF patterns for interference avoidance including determination of the granularity of the ON and OFF durations. 
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