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1. [bookmark: _Ref18181]Introduction  
In RAN1#109e meeting, preliminary progress on the L1/L2 signaling for side control information has been made [1]. In this contribution, the design of signaling for each side control information is elaborated along with the general thoughts on configuration mechanism.
1. [bookmark: _Ref54269283]L1/L2 signaling for the side control information
1. Signaling for TDD UL-DL configuration
As concluded in RAN#96, RAN1 study will focus on in-band only. Along with the existing agreement, the same TDD UL/DL configuration for control link, backhaul link and access link seem sufficient in Rel-18. If NCR-MT can acquire TDD configuration as legacy UEs or from OAM, the same TDD configuration can be assumed for backhaul link and access link. Thus, no additional signaling is needed for supporting different TDD configuration for different links.
Proposal 1: No additional signaling is needed for supporting different TDD configurations for different NCR links.
In addition to semi-static TDD UL/DL configuration agreed in RAN1#109e, some companies still prefer to enable dynamic TDD configuration for NCR. However as highlighted in [3], these additional enhancement is not needed in our view since supporting dynamic TDD configuration for the NCR only raises usage of limited flexible resources, but increases signaling overhead (RRC signaling + DCI), complexity and cost. Thus dynamic TDD configuration via DCI is not preferred for the NCR and the acquisition/update of this information can be achieved in semi-static way.
Proposal 2: Dynamic TDD configuration for the NCR is not preferred and thus no L1/L2 signaling for TDD UL-DL configuration is needed.
Regarding the semi-static configuration, the existing approaches can be further divided into two sub-types: 
· Cell-specific TDD configuration: e.g. tdd-UL-DL-ConfigurationCommon in SIB1 or ServingCellConfigCommon
· UE-specific TDD configuration: e.g. tdd-UL-DL-ConfigurationDedicated in ServingCellConfig
Semi-static UE-specific configuration works only for limited flexible resources defined by semi-static cell-specific configuration and it can only be enabled after the link establishment (e.g., C-link) if supported. During the initial establishment of a NCR, the NCR can get the semi-static cell-specific configuration information relying on the received tdd-UL-DL-ConfigurationCommon in SIB1. Furthermore, if the NCR is configured with a UE-specific (here i.e. NCR-specific) TDD configuration, its directions are likely inconsistent with that configured for the UEs by the gNB. Thus the TDD pattern configured for NCR control/backhaul/access links should be a cell-specific TDD configuration that is common between the NCR and multiple NCR-served UEs. Therefore, semi-static cell-specific configuration for the NCR is preferred considering the trade-off among signaling overhead, complexity, flexibility and standardization impact.
Proposal 3: For semi-static TDD UL/DL configuration, cell-specific TDD configuration for NCRs is preferred.
· E.g., indicated via tdd-UL-DL-ConfigurationCommon in the SIB1
In [2], multiple options are proposed to solve the ambiguity problem caused by flexible symbols and Option 4 is recommended by defining a new type of “special symbols” for these flexible symbols. In special symbols, the NCR forwarding is not required. In addition, since the TDD-configuration from gNB is mainly determined based on the whole traffic of network. In this case, the duration of flexible symbol may be either larger or smaller than the required time of NCR for DL-UL switching or TA adjustment. In case of larger required duration, some existing DL or UL symbols can be reconfigured as special symbols in which the NCR does not need to perform forwarding, as shown in Figure 1. 
[image: ]
Figure 1 Define/Configure “special symbols” for the NCR
The gNB can indicate the configuration of special symbols to the NCR through RRC signaling. The indication information of special symbol can include the index of the slot where special symbols are located, the start and the length of the special symbols.
Proposal 4: “Special symbols” can be configured by the gNB to the NCR through RRC signaling, the information of which includes the index of the slot where special symbols are located, the start and the length of the special symbols.
1. Signaling for Timing information
In [2], the impact of internal delay within the NCR-Fwd is analyzed, and it can be found that in typical case, with the negligible value, the internal delay can be directly ignored. Even, if in some implementation with relative larger value, although the internal delay leads to the misalignment of the DL receiving timing and the DL transmitting timing, as well as the UL receiving timing and the UL transmitting timing, this belongs to the internal implementation of the NCR, and there is no specification impact. Since the NCR is transparent to the UE, the UE does not know that such internal delay exists in the NCR-Fwd. It can only compensate a full TA corresponding to a total time delay including the potential internal delay for the SN and two propagation delay corresponding to the link for gNB-NCR and the NCR-UE, respectively. Therefore, the internal delay will not affect the standardization of timing, and new signaling for NCR-Fwd timing is unnecessary. In addition, the internal delay of NCR-Fwd e.g. group delay can be reported to the gNB as an NCR capability parameter, which can facilitate the gNB to configure appropriate guard period to deal with DL-UL switching and timing adjustment.
Proposal 5: Handling of the internal delay belongs to NCR implementation and no new signaling for NCR-Fwd timing is needed.
Proposal 6: The internal delay of the NCR-Fwd can be reported to the gNB as an NCR capability parameter.
1. Signaling for beam information
2.3.1 Beam indication for access link
In RAN1#109e, the following agreements have been achieved on beam indication:
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.
Regarding the options, as discussed in [2], the dedicated signaling to control the beam of access link is expected for NCR. Meanwhile, based on the comparison, the Option-1 (a beam index) based solution is preferred due to its simplicity and low signaling overhead. As shown in Figure 2, a unified framework can be used to index the NCR’s beams regardless of the beamwidth, if the NCR reports the corresponding capability to the gNB. In this way, the NCR needs only beam indexes and corresponding time domain resource to carry out forwarding operation. The related signaling is simple and low cost. 
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Figure 2 Mapping between beam indexes and NCR beams
Meanwhile, to enable the beam indication via Option-1, the numeration of the NCR’s beam should be considered. For example, as the simplest way, the uniform numbering of all beams for NCRs’ access links can be considered regardless of types of beam. As shown in Figure 2, there are 4 narrow beams and 2 wide beams of access links for NCR, and these 6 beams can be sequentially numerated by beam 1~beam 6. In this case, the gNB can directly indicate the beam via the corresponding beam index. 
Proposal 7: The uniformly numbering for all NCR’s beams regardless of beam types (e.g., wider, narrow) can be considered to define the beam index.
Proposal 8: Once the NCR’s beam is numerated, the beam index can be directly indicated to NCR for controlling the access link.
To support the Option-2 as shown in Figure 3, the Option-2 (a source RS) based solution is illustrated that the association between a source RS and a beam should be defined. As discussed in [2], dedicated RS should be configured to NCR for this purpose only, e.g., the NCR’s beams can be mapped to CSI-RS/SSBs only or with combination depending on different beam type. Then, the NCR determines the beam using the received RS index or detected RS. Apparently, the RS overhead is related to the number of NCR beams. 
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[bookmark: _Ref111231159]Figure 3  Mapping between source RSs and NCR beams
Regarding the detailed signaling for indication, following alternatives can be considered:
· Alt-1: A source RS index is used to identify a beam.
As shown in Figure 5, to use a source RS index in beam identification, additional reference resources (e.g., CSI-RS) are needed to be configured to NCR. For each beam of the NCR, a dedicated source RS is needed to uniquely identify the beam by the source RS index. Obviously, the source RS overhead increases if the NCR needs to support more beams. 
· Alt-2: A source RS in a legacy TCI-like indication is used to identify a beam. 
The Alt-2 is an extended version of Alt-1, which also needs the mapping between source RSs and NCR beams. Based on the mapping, legacy TCI with enhancement to distinguish the TCI for different purposes is needed:
· Alt-2.1: The dedicated RSs (e.g., with mapping relationship between an RS index and a NCR’s beam index) are needed as the reference RS for each TCI. In this way, similar source RS overhead compared to the Alt-1 are expected. 
· Alt-2.2: Additional indication is needed in the configuration of TCI to distinguish the TCI’s purpose. Or a separate TCI configuration is needed for the access link.
Proposal 9: The mapping relationship between the source RSs and the NCR’s beams should be defined, if Option-2 is used.
Proposal 10: If the TCI-like indication is used to indicate the beam, following additional design is needed to avoid the ambiguity at NCR side.
· Alt-1: The dedicated RSs are needed as the reference RS for each TCI.
· Alt-2: Additional indication is needed in the configuration of TCI to distinguish the TCI’s purpose. Or a separate TCI configuration is needed for the access link.
Except for the cases above to enable the per beam indication, following approaches are also possible to enable the multiple bean indication per signaling:
· Option 1: The gNB indicates a beam list and a corresponding applicable time list. For example, the beam list includes a sequence of beam indexes (i.e., a beam pattern) to be used one by one. And the applicable time list provides a corresponding sequence of time domain resource for each beam.
· Option 2: The gNB indicates a beam list and an applicable time. For example, the beam list includes a sequence of beam indexes (i.e., a beam pattern) to be used one by one. And the applicable time is a fixed time length used by each beam.
However, to indicate multiple beams in one signaling, the proper scheduling prediction for multiple UEs is expected for a long time duration, which will lead to additional cost to predict the scheduling demand for multiple UEs served by the NCR. In this case, these two methods may only be considered for the beam training case with multiple predefined beam pattern, then DCI based pattern index indication can be used to reduce the signaling cost.
Proposal 11: Pattern based beam indication can be considered for beam training of NCR.
2.3.2 Signaling of applicable time for beam indication
A remaining issue is how to indicate the corresponding time domain resource (i.e., the applicable time) of the beam. Considering the solution for beam indication above, following options can be considered on top of these approaches:
· Option A: The applicable time is implicitly associated each indication of the corresponding beam information indication. This option is more likely to be used together with the dynamic indication, e.g., via a DCI. For example, a beam index can be included into a DCI for the NCR. The NCR starts the forwarding operation using the indicated beam upon the DCI reception. Considering the NCR’s capability (e.g., possible processing delay), a start time offset can be configured by the gNB to allow the NCR to prepare. Or an explicit start time (e.g., the start slot index and/or the start symbol index) considering the time delay corresponding to the NCR’s preparation time can be indicated together in the DCI. The NCR keeps using the indicated beam until a new beam information indication (with another corresponding start time offset and/or a new explicit start time) is received from the gNB. The advantage of this option is simple and with less signaling cost. With the configured start time offset, no explicit time domain resource indication is needed in the DCI.   
· Option B: The applicable time can be indicated based on the legacy time domain resource allocation (TDRA) or its variant. 
This option can be used together with the both semi-static and dynamic indication. For example, if the DCI based signalling is used and the corresponding SLIV value can be transmitted along with the beam information to represent the applicable time beam.
Regarding the semi-static indication, additional period can be considered along with the above SLIV value. 
Proposal 12: For the applicable time of a beam, following options can be considered:
· Option 1: The applicable time is implicitly associated each indication of the corresponding beam information indication.
· Option 2: The applicable time can be explicitly indicated with additional field, e.g., SLIV.
In additional, in last meeting, the following granularity for beam indication are agreed.
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
To support different scenarios, e.g., NCR’s beam training, and data forwarding, both slot level and symbol level time domain granularity should be supported. For example, in beam training stage, SSBs and CSI-RSs are used for DL beam training, and SRS is used for UL beam training. All these RSs occupy symbol level time domain resource. Therefore, the beam direction change on the access link with symbol level time domain granularity is needed. 
Regarding the indication of time domain granularity associated with a given time domain resource mentioned above, there are following options:
· Option 1: A flag can be added to the time domain resource indication. 
In this way, for the indicated time domain resource, a additional flag, e.g., with value “1” refers to the symbol level granularity and value “0” indicates that the slot level granularity, is included in the time domain resource indication. This option is suitable for the dynamic beam information indication.
· Option 2: A bitmap can be used to indicate the time domain granularity per time unit. 
In this way, for the multiple indicated time domain resource, e.g., defined via SLIV, the bitmap can be used to indicate the granularity of each time unit. For example, for the i-th time unit in the multiple time units covered by the SLIV, the ith bit in the bitmap may refer to the symbol level if value is “1”.
Proposal 13: To determine the time domain granularity associated for a given time domain resource, following options can be considered:
· Option 1: A flag can be included in the time domain resource indication.
· Option 2: A bitmap can be used to indicate the time domain granularity.
1. Signaling for ON-OFF information
	Agreement
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
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 signaling) 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 signaling 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
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.


One leftover issue from last meeting is to down-select from explicit indication and implicit indication. Among these explicit options, on-off state indication is the most straightforward way to directly control the ON-OFF behavior of NCR-Fwd, on-off pattern may be used for some predictable signals, e.g. SSB, PRACH, in a semi-static manner. 
With regards to the implicit indication via the signaling for other information, e.g. beam, DL/UL configuration, or PC information, it’s tightly associated with other information, however, the granularity and dynamicness of different information may not be the same. For beam information, there might be some non-scheduling intervals when no UE traffic happens, and the granularity of beam information is probably symbol level similar as legacy beam adjustment, thus it’s not reasonable to turn off the NCR according to beam information in a very short non-scheduling internal, e.g. several symbols. Regarding the TDD configuration and power control information, currently the former is conducted in a semi-static way, while the latter has not been agreed as side control information, it’s premature to consider these 2 information as implicit determination of ON-OFF information.
Proposal 14: For down-selection, the explicit ON-OFF indication is preferred.
As agreed in last meeting, both semi-static and dynamic indication can be considered. As discussed in [2], the combination of semi-static and dynamic indication method of ON-OFF information is proposed, the corresponding procedure can be shown below.
· Semi-static indication (e.g. ON-OFF state indication) can be used to control the default on-off behavior of NCR-Fwd in a large time scale.
· During default “on” stage,
· NCR-Fwd is always on within common channel.
· ON-OFF behavior of NCR-Fwd can be further changed by dynamic ON-OFF state indication for UE specific channel.
· During default “off” stage, NCR-Fwd is always off.
For the above mentioned semi-static indication, one possible signaling method is to introduce a new RRC parameter, e.g. 1 bit indicator for explicit ON-OFF state indication, so that NCR can be configured with a default ON-OFF state when NCR enters RRC CONNECTED state. Another signaling method is to define a new MAC CE, it’s a relatively flexible way to indicate the semi-static ON-OFF indication.
Proposal 15: For semi-static ON-OFF indication, the RRC signaling/MAC CE with one bit indication can be considered.
Regarding the dynamic ON-OFF state indication for UE specific channel, it can be through DCI in a DCI field. In one option, as shown in Figure 4, it can be a 1 bit DCI field to indicate single state, then this state applies on NCR-Fwd until NCR controller receives next dynamic ON-OFF state indication.
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[bookmark: _Ref111231269]Figure 4 Single state indication
In another option, the DCI field can include multiple ON-OFF states in a bitmap, each state corresponding to a certain time duration, e.g. 1 slot. For example, the bitmap could be [10011100], each bit associates with 1 slot, then the on-off behavior can be shown in Figure 5.
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[bookmark: _Ref111231278]Figure 5 Multiple states indication
Proposal 16: For dynamic ON-OFF indication, DCI based signaling can be designed with the following options:
· Option 1: One bit to indicate single state.
· Option 2: A bitmap to indicate multiple states	
1.4 Signaling for power control information
The justification of power control information is introduced in [2], considering that forwarding data is transparent to NCR, dynamic adjustment according the specific channel and signal is not applicable for NCR, instead, long term based power control is beneficial to manage the overall interference and potential self-excitation issue.  The possible power control mechanism can be enabled by adjusting amplifying gain with the following formula:
Output_power = min(max_Tx power, Input_power*Amplifying gain)
Regarding the signaling of the long term based power control, the amplifying gain can be defined as a new MAC CE to semi-statically control the power. There could be 2 options on how to indicate the amplifying gain, the first option is to directly configure the value of amplifying gain in MAC CE, although this option may require a bit higher signaling overhead. The other option is to first define a set of amplifying gains, either pre-defined in spec or configured in RRC parameter, then the amplifying gain level can be indicated through MAC CE to activate one value of the set of amplifying gains.
Proposal 17: The adjustment of amplifying gain of the NCR-Fwd can be indicated by MAC CE with following options:
· Option 1: Amplifying gain is configured in MAC CE.
· Option 2: Amplifying gain level is configured in MAC CE to activate one value of predefined set of amplifying gains.	
1. Conclusion
In this contribution, the remaining issues for L1/L2 signaling of side control information are analyzed with following observations and proposals:
Proposal 1: No additional signaling is needed for supporting different TDD configurations for different NCR links.
Proposal 2: Dynamic TDD configuration for the NCR is not preferred and thus no L1/L2 signaling for TDD UL-DL configuration is needed.
Proposal 3: For semi-static TDD UL/DL configuration, cell-specific TDD configuration for the NCR is preferred.
· E.g., indicated via tdd-UL-DL-ConfigurationCommon in the SIB1
Proposal 4: “Special symbols” can be configured by the gNB to the NCR through RRC signaling, the information of which includes the index of the slot where special symbols are located, the start and the length of the special symbols.
Proposal 5: Handling of the internal delay belongs to NCR implementation and no new signaling for NCR-Fwd timing is needed.
Proposal 6: The internal delay of the NCR-Fwd can be reported to the gNB as an NCR capability parameter.
[bookmark: _GoBack]Proposal 7: The uniformly numbering for all NCR’s beams regardless of beam types (e.g., wider, narrow) can be considered to define the beam index.
Proposal 8: Once the NCR’s beam is numerated, the beam index can be directly indicated to NCR for controlling the access link.
Proposal 9: The mapping relationship between the source RSs and the NCR’s beams should be defined, if Option-2 is used.
Proposal 10: If the TCI-like indication is used to indicate the beam, following additional design is needed to avoid the ambiguity at NCR side.
· Alt-1: The dedicated RSs are needed as the reference RS for each TCI.
· Alt-2: Additional indication is needed in the configuration of TCI to distinguish the TCI’s purpose. Or a separate TCI configuration is needed for the access link.
Proposal 11: Pattern based beam indication can be considered for beam training of NCR.
Proposal 12: For the applicable time of a beam, following options can be considered:
· Option 1: The applicable time is implicitly associated each indication of the corresponding beam information indication.
· Option 2: The applicable time can be explicitly indicated with additional field, e.g., SLIV.
Proposal 13: To determine the time domain granularity associated for a given time domain resource, following options can be considered:
· Option 1: A flag can be included in the time domain resource indication.
· Option 2: A bitmap can be used to indicate the time domain granularity.
Proposal 14: For down-selection, the explicit ON-OFF indication is preferred.
Proposal 15: For semi-static ON-OFF indication, the RRC signalling/MAC CE with one bit indication can be considered.
Proposal 16: For dynamic ON-OFF indication, DCI based signaling can be designed with the following options:
· Option 1: One bit to indicate single state.
· Option 2: A bitmap to indicate multiple states	
Proposal 17: The adjustment of amplifying gain of the NCR-Fwd can be indicated by MAC CE with following options:
· Option 1: Amplifying gain is configured in MAC CE
· Option 2: Amplifying gain level is configured in MAC CE to activate one value of predefined set of amplifying gains.	
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