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Introduction
In RAN1#109-e [1], the L1/L2 signaling for the side control information including its configurations were discussed. In this contribution, we discuss some remaining issues on configuration for the L1/L2 signaling, and signaling details for beam information and power control. 

Configurations for L1/L2 signaling 
It was agreed that configurations of PHY channels and L1/L2 signaling are necessary for NCR-MT, and configurations are based on existing parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC-CE. RRC, OAM, and hard-coded are candidate options: 
	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 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
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.



In NR, cell common RRC signaling is used to configure all the PHY channels and L1/L2 signaling for UEs during initial access, and dedicated RRC signaling can reconfigure the PHY channels and L1/L2 signaling for a specific UE. The cell common configuration is received by all the UEs in a cell such as to establish a link connection. The reconfigured parameters can be different for different UEs and may also change over time. 
For NCR, NCR-MT is able to receive the cell common configuration (e.g., PBCH, SIB1) and access the gNB following a normal UE initial access procedure. NCR-MT can also receive RRC reconfigurations via dedicated RRC signaling. In comparison, hard-coded based configuration is fixed all the time which does not provide configuration flexibility in practical deployment. OAM based configuration is expected to be set for a long time duration or to be changed manually for each NCR which may bring heavy workload. 
[bookmark: _Ref110096024]Observation 1: For the necessary configuration for receiving the L1/L2 signaling of the side control information, OAM based configuration is expected to be fixed in a long time duration and has to be changed manually, while hard-coded based configuration is fixed all the time which does not provide configuration flexibility. 
Thus, we propose:
[bookmark: _Ref109547571]Proposal 1: The necessary configuration for receiving the PHY channels and L1/L2 signaling of the side control information is configured via RRC.
Based on the above discussion, we propose the following text proposal for TR 38.867, section 7.2:
	Text Proposal 1
For the configuration of signalling, the NCR-MT can obtain the necessary configuration for receiving the L1/L2 signaling of the side control information from RRC.
· 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.




L1/L2 signaling 
[bookmark: _Ref100490212]Beam information 
For each NCR-Fwd forwarding occasion, the gNB beam, NCR-Fwd backhaul beam, and access beam should be aligned in order to guide the forwarded signals to/from a target coverage area, as shown in Figure 1. Since the NCR-Fwd beams at backhaul and access are separately generated by different antenna modules [3], they can be controlled independently. 
[bookmark: _Ref109547573]Proposal 2: For NCR-Fwd, the backhaul beam and access beam are indicated independently. 
[image: ]
[bookmark: _Ref109483526]Figure 1 Beam based transmission with NCR
Beam indication 
For the backhaul link, both the gNB beam and NCR-Fwd backhaul beam are involved, and they can be determined based on the existing NR beam management procedure for NCR-MT, as discussed in our companion paper [2]. Moreover, it was agreed that C-link and forwarding can be performed simultaneously or in TDM way. If they are performed simultaneously, a same beam should be indicated for C-link and backhaul link. If there is only signal forwarding at a forwarding occasion, the backhaul beam should be indicated. For beam indication, it is also straightforward to reuse the same signaling in NR, and semi-static, semi-persistent, and dynamic are supported. 
[bookmark: _Ref109547577]Proposal 3: NCR-Fwd backhaul beam can be indicated using the existing NR signaling for NCR-MT, and semi-static, semi-persistent, and dynamic indications are supported:
· If C-link and forwarding are performed simultaneously, a same beam is indicated.
· If there is only forwarding, a backhaul beam is indicated.
For the NCR-Fwd access link beam indication, two options were agreed: 
	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



In option 1, the beam information is required for the gNB scheduling and indication. Beam information for NR RF repeater has been defined in [3] and quoted as: 
	Repeater type 2-O are declared to support one or more beams, as per manufacturer's declarations specified in TS 38.115-2 [8]. Radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction.
For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth, rated beam EIRP, OTA peak directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).
For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the repeater is declared to radiate at the associated beam peak direction.
For each beam peak direction associated with a beam direction pair within the OTA peak directions set, a specific rated beam EIRP level may be claimed. Any claimed value shall be met within the accuracy requirement as described below. Rated beam EIRP is only required to be declared for the beam direction pairs subject to conformance testing as detailed in TS 38.115-2 [8].



For example in Figure 2 and Table 1, the peak direction and beamwidth are shown for each beam in the set of beam index {AC#0, AC#1, …, AC#4}. The beam information can be reported to the gNB by the NCR-MT or preconfigured. With the beam information, the gNB can configure the UE and schedule the beam based signal forwarding. 
[image: ]
[bookmark: _Ref101961974]Figure 2 NCR-Fwd AC beams of AC#0~AC#4
[bookmark: _Ref109485943]Table 1 NCR-Fwd AC beam information 
	Beam index
	AC#0
	AC#1
	AC#2
	AC#3
	AC#4

	Peak direction
	Horizontal
	
	
	
	
	

	
	Vertical
	
	
	
	
	

	Width
	Horizontal
	
	
	
	
	

	
	Vertical
	
	
	
	
	



To enable option 2, the following remaining questions need to be answered:
a) Q1: What is the association between source RS and NCR-Fwd access beam? The association should be able to indicate an access beam for NCR-Fwd. In a practical case, an access beam may be used to forward multiple source RSs (e.g., RSs from the gNB with different TCI-states), then the mapping from source RSs to access beam should be at least many-to-one. Moreover, a source RS may be forwarded by multiple access beams, then the mapping from source RS to access beam can be one-to-many. For the many-to-one case, a source RS can be used to indicate an access beam. However in the one-to-many case, only the source RS index is not enough and extra information should be provided. If association is used to indicate access beam, it should be able to support all the many-to-one and one-to-many mappings between source RSs and access beams. As a result, the number of associations may be very large. For example, there are 128 source RSs and  access beams, the total number of associations is . For each access beam indication, the number of required bits is , which causes large amount of indication overhead. 
b) Q2: Who define the association, gNB or NCR-MT? gNB can define the association between source RSs and access beams if it has NCR-Fwd access beam information, and then gNB configures/indicates the detailed association for NCR-MT. On the other hand, NCR-MT can also define the association and report to gNB. Since NCR-MT can have the knowledge of access beam information, and it can also receive the source RS configurations from gNB. NCR-MT can associate each source RS with an access beam, and then it reports the association to gNB. Both approaches require signaling between gNB and NCR-MT, and the signaling overhead depends on the number of associations. 
c) Q3: How to determine the number of source RSs for indicating the access beams? As we have discussed in Q1, the number of source RSs impacts on the size of association thus the indication overhead. If source RS is used to indicate the access beam index, the number of source RSs for indicating the access beams should be carefully considered. 
[bookmark: _Ref109547563]Based on the above discussions, we have: 
[bookmark: _Ref110756856]Observation 2: For access link beam indication, the gNB may require the beam information for NCR-Fwd access beam scheduling in option 1, and a number of remaining questions needs to answer in option 2. 
[bookmark: _Ref110756861]Observation 3: For access link beam indication, Option 1 is much simpler and of lower overhead than Option 2. 
[bookmark: _Ref100490196]Proposal 4: An access link beam is indicated by a beam index. 

Indication mechanism
The candidate beam indication mechanisms were agreed for NCR-Fwd: 
	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



In NR, three time domain resource indications are supported for beam indication: semi-static, semi-persistent, and dynamic. The typical usage, pros and cons of the signaling are summarized in Table 2.
[bookmark: _Ref109495437]Table 2 Time domain indications for beam
	Indication
	Signaling 
	Typical usage
	Pros & Cons

	Semi-static
	RRC
	Periodic signal transmission with static configuration 
	Pros: Low overhead for long time configuration 
Cons: 10ms-level delay; High overhead for short time configuration due to frequent RRC Reconfiguration;

	Semi-persistent
	RRCMAC-CE activation / deactivation 
	Periodic signal with dynamic configuration 
	Pros: Flexible and low overhead
Cons: ms-level delay

	Dynamic 
	DCI
	Dynamic scheduling 
	Pros: Low delay
Cons: High overhead



For semi-persistent beam indication, a set of resources is firstly configured for a UE, and the configured resources was deactivated initially. When a UE is served, MAC CE is used to activate the set of resources, and each resource is indicated a beam. If the service is finished, the set of resources can be also deactivated by a MAC CE. 
If NCR-Fwd is controlled using only semi-static or DCI signaling, there will be large signaling overhead for gNB. It can be shown by the following examples: 
· Example 1: NCR-Fwd is controlled by semi-static signaling. For a UE served by NCR and scheduled semi-persistently, each time the UE is activated or deactivated, the NCR-Fwd should be RRC reconfigured such as to update the set of beams or release the configured resources. Frequent RRC reconfiguration introduce a large amount of signaling for gNB. 
· Example 2: NCR-Fwd is controlled by dynamic signaling. For a UE served by NCR and scheduled semi-persistently, each time the UE is activated, the gNB will schedule the UE periodically. Then, the NCR-Fwd should be indicated periodically by dynamic signaling (i.e., DCI). The PDCCH overhead for controlling the NCR is expected to be increased.
To reduce the signaling overhead, it is more efficient to support semi-static, dynamic, and semi-persistent access beam indication for the access link beamforming of the NCR-Fwd. Based on the above discussions, we have:
[bookmark: _Ref110244617]Observation 4: To serve a UE scheduled with semi-persistently via NCR, large signaling overhead is introduced to gNB for controlling NCR-Fwd by semi-static or dynamic indication.
[bookmark: _Ref109547580]Proposal 5: Semi-persistent beam indication should be considered for the access link beamforming of the NCR-Fwd. 
Based on the above discussion, we propose the following text proposal for TR 38.867, section 7.1.1:
	Text Proposal 2
From the perspective of signaling design, following mechanisms can be dynamic beam indication, semi-persistent beam indication, and semi-static beam indication are 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
For NCR-Fwd beam indication, the backhaul beam and access beam can be indicated independently. In the access link beam indication, an access link beam can be indicated by a beam index. 



Power control  
In NR, the downlink transmission power is controlled by the EPRE (Energy Per Resource Element) of SSB and power offset between SSB and other signal; the uplink transmission power is based by a nominal power p0, a configured power offset, a set of dynamic power offset parameters, and an estimated pathloss. For the NCR-Fwd, similar approaches can be adopted. For example, the actual amplifying gain is controlled based on a nominal amplifying gain  and a set of amplifying gain offsets . For each forwarding occasion, the NCR may use the nominal amplifying gain  and an offset  for signal forwarding. The nominal amplifying gain and the set of amplifying gain offsets can be configured via RRC. Then one amplifying gain offset  can be indicated for each forwarding, e.g., indicated by RRC for periodic forwarding signals, indicated by DCI for dynamic forwarding signals, and the actual amplifying gain is .
[bookmark: _Ref100490218]Proposal 6: For the amplifying gain indication, both RRC-based and DCI-based indication are supported. 
Based on the above discussion, we propose the following text proposal for TR 38.867, section 7.1.5:
	Text Proposal 3
For the amplifying gain indication, both RRC-based and DCI-based indication are supported.  



Conclusions
The contribution provides our considerations on L1/L2 signaling and configuration, and the observation is listed as following:
Observation 1: For the necessary configuration for receiving the L1/L2 signaling of the side control information, OAM based configuration is expected to be fixed in a long time duration and has to be changed manually, while hard-coded based configuration is fixed all the time which does not provide configuration flexibility.
Observation 2: For access link beam indication, the gNB may require the beam information for NCR-Fwd access beam scheduling in option 1, and a number of remaining questions needs to answer in option 2.
Observation 3: For access link beam indication, Option 1 is much simpler and of lower overhead than Option 2. 
Observation 4: To serve a UE scheduled with semi-persistently via NCR, large signaling overhead is introduced to gNB for controlling NCR-Fwd by semi-static or dynamic indication.

The proposals are:
Proposal 1: The necessary configuration for receiving the PHY channels and L1/L2 signaling of the side control information is configured via RRC.
Proposal 2: For NCR-Fwd, the backhaul beam and access beam are indicated independently.
Proposal 3: NCR-Fwd backhaul beam can be indicated using the existing NR signaling for NCR-MT, and semi-static, semi-persistent, and dynamic indications are supported:
· If C-link and forwarding are performed simultaneously, a same beam is indicated.
· If there is only forwarding, a backhaul beam is indicated.
[bookmark: _GoBack]Proposal 4: An access link beam is indicated by a beam index. 
Proposal 5: Semi-persistent beam indication should be considered for the access link beamforming of the NCR-Fwd.
Proposal 6: For the amplifying gain indication, both RRC-based and DCI-based indication are supported. 
Proposal 7: Adopt Text Proposal 1~3 for TR38.867. 
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