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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction

[bookmark: _Toc101357092]In RAN1#109e, there are some agreements related to L1/L2 signaling of side control information for NC repeater:
[bookmark: _Hlk103233442]Agreement
The NCR-MT can obtain the necessary configuration for receiving the L1/L2 signaling of the side control information.
· Option 1: The necessary configuration is from RRC.
· Option 2: The necessary configuration is from OAM or hard-coded.
· Option 3: The necessary configuration is partially configured by RRC and partially configured by OAM or hard-coded.

Agreement
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.

Agreement
From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication

Agreement
For an NCR-MT, the necessary configurations from RRC and/or OAM(or hard-coded) contain:
· The configurations of PHY channels to carry the L1/L2 signaling: 
· The configurations for receiving PDCCH and PDSCH.
· The configurations for transmitting PUCCH, if needed.
· The configurations for transmitting PUSCH, if needed.
· The configurations of L1/L2 signaling: 
· The configurations for DCI.
· The configurations for UCI, if needed.
· The configurations for MAC CE, if needed.

 

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

Conclusion
Legacy UE mechanism is sufficient to achieve DL/UL timing for NCR-MT

Agreement
For the parameters in the necessary configurations for L1/L2 signaling, the existing parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC CE in Rel-17 are the baseline for further discussion.
· Note 1: This does not imply that all Rel-17 parameters will be supported for the NCR-MT. 
· Note 2: This does not imply that PUCCH, PUSCH, UCI and MAC CE are currently agreed to be supported. Further consideration is needed.

Agreement
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.
 
Agreement
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be unnecessary.
· FFS: the impact of internal delay
 
Agreement
The time at which the NCR applies an access link beam indication should be considered.
 
Agreement
As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling

In this contribution, we discuss the issues related to L1/L2 signaling for side control information of network-controlled repeater.
2 Discussion
One of the issues that need to be addressed during the SI phase of network-controlled repeater is the signalling of the side control information, discussed in our companion contribution [3], between the network and the repeater. This includes the study of the different methods for signalling each feature/ control parameter and the ways to configure this signaling and the level of the required protocol stack at the repeater side. RAN1 should investigate whether a full UE protocol stack is needed, or a limited protocol stack is possible by using legacy configuration or using OAM-based configuration. 
2.1 Initial access for network-controlled repeater
In R16/R17 IAB network, the IAB node contains IAB-MT and IAB-DU components. When it is firstly set on, the MT part works similar to a UE for performing random access procedure. As the IAB-MT terminates a protocol stack including L1/L2 and RRC, after initial access, the IAB donor or other parent IAB node identifies the new device as an IAB node. In contrast, the network-controlled repeater has only L1/L2. Msg 1/2/3/4 in random access procedure can be finished within L1 and L2. However, identification of network-controlled repeater can’t be done by legacy procedure. Therefore, there may be a need of some signaling from the repeater to the network to indicate that it is a repeater rather than a UE.
Proposal 1: Study mechanisms to indicate the network-controlled repeater type. 
2.2 Differentiation between network-controlled repeater and normal UE
There may be some side control information transmitted from gNB to network-controlled repeater. Meanwhile, the gNB may also serve some UEs with direct link between gNB and these UEs. The information transmitted to repeater and to UE may be different. For UE, the information may be scheduling information in PDCCH or some group common DCI carrying slot format, etc. For repeater, the information is the side control information. The differentiation between repeater and UE can reuse the differentiation mechanism between different UEs in legacy network. Different UEs can be associated with different UE IDs in legacy network. A special UE ID can be configured to a repeater. With this configuration, the gNB can identify whether a node is a repeater or a UE and can make proper scheduling.
Proposal 2: Study the mechanism to differentiate repeater and UE. Differentiation mechanisms for different UEs can be a starting point.
2.3 L1/L2 signaling
The side control information may contain timing, TDD configuration, beam indication, power control and on/off indication. In legacy release, for some procedures/channels, signaling from physical layer to RRC layer are necessary. For beam indication for PDSCH, there may be some RRC configurations, and further MAC CE configuration and then some physical layer configurations in DCI to determine the beam for PDSCH. For other channels such as PDCCH/PUSCH/PUCCH/CSI-RS/SRS, there are also combinations of RRC, MAC CE and DCI signaling. For TDD configuration, TDD config common and TDD config dedicated are also configured by RRC signaling, and DCI 2-0 is by a group common DCI in physical layer. If reuse legacy TDD configuration for indicating TDD pattern between gNB and repeater, RRC in network-controlled repeater may be necessary. There can also be other mechanisms such as envelop the RRC signalling to L1/L2 signaling. This may lead to some spec work.
Proposal 3: Study how to transmit legacy RRC signaling to repeater.
In legacy UE configuration, RRC is used to carry different UE dedicated configurations including spatial information configuration such as CSI-RS and measurement configuration. To allow the repeater to apply a proper spatial, time, power control on the forwarding link a full UE stack might be necessary at the repeater side. On the other hand, to simplify the repeater functionality, layer 1 and possibly layer 2 can be considered for the protocol stack. This may entail designing a new DCI format specific to the repeater to carry configuration information. Furthermore, as the frequency scheduling related parameters are irrelevant to the repeater, the repeater is not expected to decode and use this information, thus the repeater may be configured to decode a repeater-specific DCI format, that carry only repeater relevant control information, or performing limited blind search on limited candidates instead of reusing the legacy UE DCI formats. Having fixed size DCI or limited DCI formats with only repeater relevant parameters helps in fast decoding of the control information and hence fast application of the configuration on the forwarding link.
Proposal 4: Study whether a new repeater-specific DCI format is needed to carry repeater configuration information related to RRC configurations.
Regarding beam indication for the access link, two alternatives have been considered in last meeting with Alt 1 using beam index and Alt 2 using source RS index (TCI state). Our preference is Alt 2 since the TCI state indication is supported for both DL and UL with a common framework in R18, and legacy beam indication is also performed by indicating a source RS index. For the case of NCR, although the link between gNB and UE is not direct but there is repeater forwarding operation, measurement and reporting are still necessary to determine the proper beam. Measurement and reporting are always based on RS transmission/reception. As long as there is a relationship between the repeater beam and RS for both backhaul link and access link, Alt 2 can work properly. For Alt 2, although the source RS may not be corresponding to spatial domain filter at gNB or UE side, but rather at repeater side, we think it can work. For associating time domain resource for the TCI state, similar solution as ON/OFF state indication can be applied. 
Proposal 5: Support Alt 2 with TCI state/source RS index to indicate the access link beam.


3 Conclusion
In this contribution, we discussed the issues related to L1/L2 signaling for side control information for network-controlled repeater, and our proposals are as following:
Proposal 1: Study mechanisms to indicate the network-controlled repeater type. 
Proposal 2: Study the mechanism to differentiate repeater and UE. Differentiation mechanisms for different UEs can be a starting point.
Proposal 3: Study how to transmit legacy RRC signaling to repeater.
Proposal 4: Study whether a new repeater-specific DCI format is needed to carry repeater configuration information related to RRC configurations.
Proposal 5: Support Alt 2 with TCI state/source RS index to indicate the access link beam.
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