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Introduction
In RAN1#110bis-e [1], the side control information to enable NR network-controlled repeaters and the L1/L2 signaling including its configurations were discussed. In this contribution, we discuss the remaining issues on beam information, UL/DL TDD operation, ON-OFF information and power control.

[bookmark: _Ref114232515]Beam information 
Backhaul link 
In RAN1#110bis-e, the following related to backhaul link beam indication were agreed:
	Agreement
If adaptive beams are adopted for C-link and backhaul link, new signaling is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· Predefined rule is used to define the beam in case there is no indication via the new signalling
· FFS: Details of the predefined rule
· FFS: Application of predefined rule for other cases
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.
· The new signalling, if needed, is an optional NCR capability
Agreement
For NCR-MT which can support adaptive beams in C link, 
· Rel-15 beam indication framework can be reused.
· Rel-17 beam indication framework (i.e., the unified TCI) can be reused as well. The gNB can configure the unified TCI for the NCR-MT, if the NCR-MT supports.
Agreement
The following aspects should be NCR capability:
· Simultaneous UL transmission of C-link and backhaul link
· Adaptive beam for C-link/backhaul-link
· Note-1: Fixed beam for C-link/backhaul link is default capability
· Note-2: TDMed UL transmission of C-link and backhaul link is default capability.
· FFS: How to define the capability for adaptive beam for C-link/backhaul-link


New signaling is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link. Predefined rule is used to define the beam in case there is no indication via the new signaling. The details of the predefined rule are FFS.
When there is simultaneous DL receptions or UL transmissions in both C-link and backhaul link, a same beam can be used for C-link and backhaul link. Otherwise, a backhaul link beam is selected from the RRC-configured set of beams for C-link based on one of the following options:
· Option 1: the beam used for receiving a given signal/channel in C-link, e.g., receiving SSB, PDCCH, or PDSCH in C-link; 
· Option 2: the beam used by the latest forwarding occasion;
[bookmark: _Ref115126163]Observation 1: In case the backhaul link beam is not explicitly indicated, the backhaul link beam can be selected based one of the following options: 
· Option 1: the beam used for receiving a given signal/channel in C-link, e.g., receiving SSB, PDCCH, or PDSCH in C-link; 
· Option 2: the beam used by the latest forwarding occasion;
In option 1, the gNB may transmit a wide or suboptimal beam (hence lower signal quality) for the C-link, and it may select a narrow beam for NCR-Fwd link which leads to degraded performance to the UE. One example is shown in Figure 1. In Figure 1(a), two beam pairs (gNB #, NCR BH#) and (gNB #, NCR BH#) are maintained between gNB and NCR-MT, and SINR0 at beam pair (gNB #, NCR BH#) is much less than SINR1 at beam pair (gNB #, NCR BH#), and both SINR0 and SINR1 are fine for supporting side control information over C-link. However, only SINR1 is able to support the required data rate of the NCR served UE2. In Figure 1(b), if the beam is (gNB #, NCR BH#) at time slot #sl0, the signal forwarded to UE will be impacted. 
[bookmark: _Ref115126170]Observation 2: A default backhaul link beam based on the beam for receiving the side control signaling in C-link (option 1) may lead to performance degradation for signal forwarding. 
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(a) Beam pairs (gNB #, NCR BH#) and (gNB #, NCR BH#)
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(b) The backhaul beam cannot satisfy the requirements of the UE2
[bookmark: _Ref114754221]Figure 1 Two beam pair with different SINRs for the backhaul link and C-link
Option 2 is for side control signaling overhead reduction if the backhaul beam of one or more forwarding occasions can be the same. For example, when a backhaul link beam is determined at gNB in the latest forwarding occasion, and the beam can also satisfy the coverage requirement of the next forwarding occasion. Then, the gNB saves the signaling overhead for the later by not indicating it. 
[bookmark: _Ref118040944]Observation 3: A default backhaul link beam based on the beam used by the latest forwarding occasion (option 2) is preferred in terms of signaling overhead.
[bookmark: _Ref115126248]Proposal 1: In case the backhaul link beam is not explicitly indicated, a default beam can be determined based on the beam used by the latest forwarding occasion.

Access link
Access beam information
In RAN1#110bis-e, the following agreement was made for the access beam characteristics:
	Agreement
The following information can be used to characterize the physical beam(s) supported by NCR-Fwd for access link: 
· Number of beams supported for access link
· FFS: How to define the detailed value (e.g., per beam type)
· FFS: Whether the number of beam can be derived by beam layout
· Spatial relationship between different beams
· FFS: Beam types defined by the beam width (e.g. two types as wide beam and narrow beam type)
· FFS: Beam direction defined by the boresight of beam
· FFS: Whether/How to deliver this information to gNB
· FFS: Coverage area for each beam type
· FFS: Beam ID (via explicit or implicit means) 


It should be noted that the above agreement is about the information to characterize the physical beam(s) supported by NCR-Fwd for access link. There were several FFS bullets on whether other beam properties are also necessary. There was also an FFS bullet on whether there is a need to deliver this NCR capability information to the gNB. Related to this, there was also a discussion on how to index the beam for NCR-Fwd access link. 
In this section, we discuss the following issues: 
· [bookmark: _Hlk118210566]Is there a need to deliver the set of beams supported by NCR-Fwd access link to the gNB? 
· If not, how does gNB and NCR know the set of access beams used by NCR-Fwd, e.g., for forwarding SSB? 
· What is “spatial relationship” between different access beams?
· How to index the beam for both gNB and NCR?

Is there a need to deliver the set of beams supported by NCR-Fwd access link to the gNB? 
First of all, we need to differentiate the set of beams used by NCR-Fwd for access link and the set of beams supported by NCR-Fwd for access link. The set of beams used by NCR-Fwd for access link is for NCR operation and it should be a subset of the set of beams supported by NCR-Fwd for access link which is up to NCR capability. Obviously, the network (not necessarily the gNB) should have the control on the set of beams used by NCR-Fwd for access link instead of simply following what an NCR is capable of. 
One follow-up question is whether the gNB needs to know the set of beams supported by NCR-Fwd for access link. Strictly speaking, this may not be up to RAN1 to decide. Nevertheless, our view is that NCR as a network device should be managed by OAM, i.e. OAM should be able to configure the set of beams used by NCR-Fwd for access link for a given NCR. Of course, the gNB also needs to know the set of beams used by NCR-Fwd for access link as well in order to perform proper beam control. However, the gNB does not need to know the full set of beams supported by NCR-Fwd for access. As an example, if the NCR is capable of generating 4 wide beams and 4 narrow beams covering the same area of each wide beam, i.e. 4 + 16 = 20 beams in total. The set of beams that will be used by NCR-Fwd access link are 2 wide beams and 4 narrow beams under each wide beam. There is no need for the gNB know which 2 wide beams out of the 4 wide beams are used for NCR-Fwd access link. 
[bookmark: _Ref118453852]Observation 4: There is no obvious need to deliver the set of beams supported by NCR-Fwd for access link to the gNB. Only the set of beams used by NCR-Fwd for access link is enough for gNB. 
In the following, we discuss how the gNB and NCR know the set of beams used by NCR-Fwd for access link. NCR is expected to extend gNB signal for a target area [2]. In RAN1#110bis, the following two options were considered to determine the set of beams used by NCR-Fwd for access link [4]: 
· Option 1: gNB and NCR get access beam information from the operator, e.g., by OAM configuration 
· Option 2: NCR report its access beam information for gNB, and gNB determines the set of access beam for NCR
When it comes to a practical network deployment, e.g., LTE and NR network nodes, the target coverage area is determined via network planning and optimization. Then, the set of beams are determined for the network nodes accordingly by operator and configured via OAM. The above widely applied approach works well for NCR (i.e., option 1): 
· The target coverage area and the site of NCR is known during network planning and optimization by operator. 
· The set of beams used by NCR-Fwd for access link is selected according to the site information and beam information, such as site position, node height, azimuth angle, down-tilt, beam direction, beamwidth. 
· The set of selected SSB and CSI-RS beams used by NCR-Fwd for access link, and their spatial relationship are configured for gNB and NCR.
[bookmark: _Ref118040961]Observation 5: The set of beams used by NCR-Fwd for access link for a target coverage can be determined during network planning & optimization by operator, and configured for gNB and NCR. 
With option 1, the actual coverage achieved by the access beams can match the target coverage hole, e.g., Figure 2(a). On the other hand, option 2 does not work since the target coverage area and the site information of NCR are not known by gNB or NCR. As a result, the actual coverage of NCR access beams does not match the target area and there are still coverage holes even with NCR, e.g., Figure 2(b). Even worse, the NCR may generate undesirable interference to the UEs served by the gNB.
There are other reasons why the beams used for NCR-Fwd access link should be provided via OAM. With the deployment of NCR, separate physical-layer resources (e.g. SSBs/SIB1/CSI-RS, etc.) allocated to NCR, which may impact the existing UEs served by the gNB. Considering inter-vendor deployments, it may be better to coordinate the network devices via OAM.
[bookmark: _Ref115126174]Observation 6: gNB cannot determine by itself which set of NCR-Fwd access beams should be used since the target coverage and site information of NCR are unknown. 
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[bookmark: _Ref118470866]Figure 2 NCR target coverage and actual coverage with different set of access beams
In our view, at least the set of beams used by NCR-Fwd for access link for a target coverage area should be configured by higher layers (e.g., OAM) for gNB and NCR, and the configuration includes the beam information such as spatial relationship, beam type (i.e., indicating that the beam is used for forwarding SSB). Based on the above discussions, we propose: 
[bookmark: _Ref115126281]Proposal 2: The set of beams used by NCR-Fwd for access link are configured for gNB and NCR by high layer, e.g., by OAM. 

What is “spatial relationship”
Spatial relationship is agreed to be used for characterizing the physical beams at NCR-Fwd access link. In the current 3GPP specs, the beam characteristics of NR RF repeater are defined in TS 38.106 [5] and TS 38.115-2 [6], and it is also agreed by RAN4 [2] to reuse the beam characteristics for NCR-Fwd access beam. The major related contexts are quoted below: 
	Beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array
Beam centre direction: direction equal to the geometric centre of the half-power contour of the beam
Beam direction pair: data set consisting of the beam centre direction and the related beam peak direction
Beam peak direction: direction where the maximum EIRP is found
Beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axis of the ellipse


[bookmark: _Ref118400402]Observation 7: It is agreed by RAN4 that the beam related parameters defined in TS 38.106 and TS 38.115-2 for NR RF repeater are reused for NCR-Fwd access beam, e.g., beam identity, beam direction, and beamwidth. 
In NR gNB or IAB DU, the beam information of beamIndex, beamType (i.e., indicating that it is an SSB beam), beamAzimuth, beamTilt, beamHorizWidth, and beamVertWidth [8] are defined. An example of the beam characteristics is shown in Figure 3 and Table 1, the peak directions (where beam has the maximum power or EIRP) and beamwidths are shown for each beam in the set of beam index {AC#0, AC#1, ..., AC#20}. 
[image: ]
[bookmark: _Ref114153113]Figure 3 NCR-Fwd access beams with different beam width & peak direction
[bookmark: _Ref115117274]Table 1 NCR-Fwd AC beam information
	Beam index
	AC#0
	AC#1
	AC#2
	AC#3
	AC#4
	...
	AC#20

	 Peak direction
	Horizontal
	
	
	
	
	
	...
	

	
	Vertical
	
	
	
	
	
	...
	

	Width
	Horizontal
	
	
	
	
	
	...
	

	
	Vertical
	
	
	
	
	
	...
	


For NCR, spatial relationship between NCR-Fwd access beams can be derived on either of the following information: 
· Option 1: beam direction and width information of each SSB beam and each CSI-RS beam. For example in Figure 3, the SSB beam is AC#1 and CSI-RS beams are {AC#5, AC#6, AC#9, AC#10}, and the beam direction and beamwidth information of AC#0~AC#4 in Table 1 are configured for gNB. 
· Option 2: relationship between beam coverage area (e.g., inclusion). For example in Figure 3, the spatial relationship of SSB beam and CSI-RS beams are defined as: 
· coverage of CSI-RS beams {AC#5, AC#6, AC#9, AC#10}  coverage of SSB beam AC#1, or 
· coverage of CSI-RS beams AC#5  coverage of SSB beam AC#1,  coverage of CSI-RS beams AC#6  coverage of SSB beam AC#1, coverage of CSI-RS beams AC#9  coverage of SSB beam AC#1, coverage of CSI-RS beams AC#10  coverage of SSB beam AC#1. 
In the above example, if a UE reports the SSB which is associated AC#1 to gNB (e.g., by PRACH), gNB may schedule, based on the spatial relationship, NCR-Fwd access beams {AC#5, AC#6, AC#9, AC#10} for forwarding CSI-RS to UE. For the two options, beam direction and beamwidth are specified in 3GPP while beam coverage area relationship is new and requires more specification effort.
[bookmark: _Ref118040976]Observation 8: The spatial relationship can be defined based on either of the following options: 
· Option 1: beam direction and beamwidth; 
· Option 2: relationship between beam coverage area (e.g., inclusion). 
[bookmark: _Ref114518782]Proposal 3: Beam direction and beamwidth are used to define the spatial relationship between NCR-Fwd access beams. 

How to index the beam for both gNB and NCR
In general, a large number of beams can be generated and declared by NCR-Fwd access link, and the signaling overhead is large if the indexing of the beam indication is based all beams, e.g., 5 bits per beam for a total of 32 beams in Figure 3 and Table 1. If only a subset of NCR-Fwd access beams are configured for NCR, it is better that the indication is based on the subset of beams. Moreover, the set of beams can be configured in order for both gNB and NCR, and the indication can be based on the configuration order. For example in Table 2, the number of beams in the subset is  then only  bits are used for beam indication. Based on the order of the beam in the configuration, a mapping between the beam indication field value and the physical beam can be predefined for both gNB and NCR. With this, the signaling overhead and specification work is minimized. 
[bookmark: _Ref118032160]Table 2 example:  configured NCR-Fwd access beams and the related beam indication 
	Set of NCR-Fwd access beams configured for gNB and NCR (in order)
	Beam indication

	AC#1
	000

	AC#5
	001

	AC#6
	010

	AC#9
	011

	AC#10
	100


[bookmark: _Ref115212438]Observation 9: NCR-Fwd may be able to generate a large number of beams, but only a subset of the beams are configured for gNB and NCR. If gNB indicates the beam index based on the full set of beams, the signaling overhead is very large. 
[bookmark: _Ref115212350]Proposal 4: NCR-Fwd access beam is indicated in order based on the subset of beams configured for gNB and NCR. 

[bookmark: _Ref100490212]Maximum number of beams
For FR2, NCR-Fwd may be designed to cover a target coverage area with a certain number of access beams. As the example in Figure 4 shows, to enable beam sweeping under the NCR assistance, the gNB needs to allocate some additional resources, e.g. SSBs, to the NCR so that each time NCR can forward the signal using a dedicated access beam. Assuming  and , the total number of required gNB SSBs and the overhead is shown in Figure 4(b). In the figure, the overhead of SSB, and SSB + SIB1 are shown, and the average overhead per SSB beam is around 1%. The overhead for gNB considering SIB1 is extremely high, and it is nearly 60% for only 1 NCR, which is unacceptable for a practical network. When there are more than two NCRs attached to the gNB, the total number of required SSBs exceeds 64 which cannot be supported by current specification. 
[image: ]
(a) SSB beam sweeping for a gNB with an NCR
[image: ]
(b)  Required number of gNB SSB beams and SSB overhead
[bookmark: _Ref114151198]Figure 4 SSB sweeping with NCR
For NCR, the maximum number of SSB beams and CSI-RS beams at NCR-Fwd access link should be limited, otherwise the access link beamforming implementation may lead to high gNB overhead or reduced coverage. For example, an NCR is used to extend the gNB coverage for a target area with horizontal coverage range  and vertical coverage range . As shown in Figure 3 and Table 1, NCR can use different sets of access beams to forward the SSB signals, the number of beam sets and the number of beams in each set are up to NCR implementation. However, if there is no limitation on the maximum number, an NCR may only generate a set of 16 narrowest beams ({AC#5~AC#20}), gNB has to allocate 16 backhaul SSB beams for NCR so as to cover the hole and high overhead is introduced, or gNB allocates less than 16 SSB beams and only part of the area can be covered. On the other hand, if the maximum number is limited, the NCR will provide more beam sets with different widths, e.g., beam set {AC#0}, beam set {AC#1~AC#4}. Then, gNB has more flexibility to cover the hole by configuring either AC#0 or {AC#1~AC#4} for NCR to forward the SSBs. As we can see, there is tradeoff between gNB overhead and coverage range if NCR only generates the set of narrowest beams at access link. 
To guarantee the gNB’s configuration flexibility, as well as overhead and coverage range, it is better to limit the maximum number of SSB and CSI-RS beams at the access link.  If the maximum number of NCR SSB beams is 4, the increased SSB and SIB1 overhead per NCR is around 4%.
From the above analysis, we have the following observations and proposals: 
[bookmark: _Ref109548480][bookmark: _Ref100828284]Observation 10: To enable beam sweeping for NCR-Fwd access link, the gNB has to allocate additional backhaul beams for the NCR-Fwd, leading to an increase of overhead. And the overhead increases with number of access beams at the NCR-Fwd and the number of associated NCRs.
[bookmark: _Ref101943952]Observation 11: If the maximum number of SSB beams and CSI-RS beams are not limited, an NCR may only generate a large number of narrowest beams on access link. As a result, a high gNB overhead is introduced by configuring a large number of beams for NCR to ensure a target coverage, or the NCR coverage has to be reduced by only configuring a subset of beams for NCR.
[bookmark: _Ref101450854][bookmark: _Ref114518788]Proposal 5: For NCR-Fwd access link, the maximum number of SSB beams and CSI-RS beams should be limited, e.g., 4 for SSB, and 16 for CSI-RS. 

[bookmark: _Ref114516985]Access beam indication
In the last meeting, the following agreement was made for the access beam indication:
	Agreement
The following methods are supported for access link beam indication:
· Single beam index per indication is supported to indicate one beam.
· The indication of multiple beams in one indication is supported
· Note: The multiple beams are applied in TDMed over same frequency resource
Agreement
Following parameters should be supported to define the time resource:
· For a periodic and/or semi-persistent configured time resource, starting time, duration per beam(s) and periodicity is needed.
· For aperiodic indication of time resource, starting time and duration per beam(s) is needed.  
· FFS: The SCS for starting time, duration, and periodicity
· FFS: How to define the duration, e.g., via the length of time resource or resource index(es)
· FFS: Whether indication of starting time can be implicit (e.g., the first slot after the time to apply the received beam indication and the first OFDM symbol in the slot) 


The discussions for beam and time domain resource indications are still separated. To have an efficient indication, we propose to define the following terminologies:  forwarding occasion, forwarding resource, forwarding resource set. 
· Forwarding occasion is defined as the time that NCR-Fwd forwards signals with a same beam and amplifying gain. 
· A forwarding resource is defined by a resource index, a beam index, and time domain positions. 
· A forwarding resource set is defined by a resource set index and a list of forwarding resources. 
In Figure 5 (a) and Figure 5 (b), a forwarding resource set index is used to indicate three forwarding resources, a forwarding resource index can be used to indicate a forwarding occasion. In Figure 5 (b), the time domain resource allocation of the resource indicated for NCR-MT are reused for a forwarding resource, so as to minimize the configuration overhead. Based on the definition, RRC can be used to configure multiple forwarding resources and multiple forwarding resource sets, then MAC-CE or DCI can be used for efficient indication, e.g., only an index is required. 
In Figure 5 (c), three forwarding occasions are shown and each is associated with an access beam and a time resource. Furthermore, the time resource is associated with a slot index, a starting OFDM symbol index, and duration.
[bookmark: _Ref115255481]Observation 12: The time domain behaviors, time domain positions, and beam information can be different for different forwarded signals, such as SSB, SIB1, CSI-RS, PDCCH, PDSCH, PRACH, SRS, PUCCH, and PUSCH, and the indication can be very complicated if there is no unified signaling framework. 
[bookmark: _Ref115212354]Proposal 6: Forwarding occasion, forwarding resource, and forwarding resource set are defined for the signaling design of side control information
· A forwarding occasion is defined as the time that NCR-Fwd forwards DL or UL signals with a same beam and amplifying gain. 
· A forwarding resource is defined by a resource index, a beam index, and time domain positions (i.e., starting OFDM symbol index, the number of consecutive symbols, slot index, and periodicity) or NR resource index. 
· A forwarding resource set is defined by a resource set index and a list of forwarding resources.

[image: ]
(a) Forwarding resource and forwarding resource set based on newly defined time domain resources
[image: ]
(b) Forwarding resource and forwarding resource set defined based on NR resource index
[image: ]
(c) Forwarding occasions indicated by forwarding resources 
[bookmark: _Ref115212097]Figure 5 Forwarding resource set, forwarding resource, forwarding occasion
RRC based configuration 
Based on the above discussions, the following can be configured for NCR-Fwd forwarding resource via RRC: 
a) Access link beam index, and backhaul beam index if adaptive beams are adopted for backhaul link 
b) Resource type (e.g., periodic, semi-persistent, and aperiodic) is required for efficient signaling. For examples, (a) periodic forwarding resource can be configured for forwarding SSB, SIB1, PRACH, CSI-RS, SRS, (b) semi-persistent forwarding resource can be configured for forwarding semi-persistent CSI-RS and SRS, periodic CSI-RS and SRS, SPS scheduling, (c) aperiodic forwarding resource can be configured for forwarding aperiodic CSI-RS and SRS. With these resource types, it is flexible to support the forwarding NR signals with various time domain behaviors. 
c) An SCS is indicated for the staring time of the configuration, the duration of each forwarding occasion, and periodicity. 
[bookmark: _Ref114518723]Observation 13: For the access link beam indication by RRC, 
· Resource type (e.g., periodic, semi-persistent, and aperiodic) is required. 
· An SCS is required for indicating for the starting time, the duration, and periodicity. 
[bookmark: _Ref114518792]Proposal 7: The following information is configured by the RRC for NCR-Fwd forwarding resources: 
· Access link beam index, and backhaul beam index
· Resource type, e.g., periodic, semi-persistent, and aperiodic. 
· SCS for indicating the staring time of the configuration, the duration of each forwarding occasion, and periodicity.
DCI based indication 
Compared to RRC based indication, more stringent requirements are imposed for the DCI based indication. Firstly, the payload of DCI is major consideration and the existing requirements for NCR-MT should be preserved, e.g., the maximum number of bits is not larger than 128. Secondly, the overhead of PDDCH for indicating side control information should be considered. For example, the required bits by a single forwarding occasion is only 15 (or 12 without power information) for the assumptions in Table 3, therefore gNB controlling NCR is less efficient and NCR-MT has to frequently detect DCI. To improve the efficiency, it is preferred to indicate the side control information of multiple forwarding occasions in a single DCI via a new DCI format or SFI-like indication, and the indication is repeated within the PDCCH monitoring periodicity until the next PDCCH monitoring occasion. As the example shown by Figure 6, a single DCI is used to indicate 5 slots and only a single forwarding occasion is defined in each slot. The total required bits is  (or 60 bits without power information). 
[bookmark: _Ref115117461]Table 3 Required information for a single forwarding occasion 
	Fields
	Required bits
	Assumptions

	Backhaul beam information 
	3
	8 activated TCI-states are assumed for NCR-MT

	Access beam information 
	4
	A maximum number 16 access beams is assumed 

	SCS information
	1
	2 candidate SCSs

	Time domain resource 
	4
	SLIV-based indication (16 items)

	Amplifying gain information 
	3
	A maximum number 8 power offsets are assumed as in section 5



[bookmark: _Ref115126214]Observation 14: The number of required bits for a single forwarding occasion is quite limited, and it is more efficient to use a single DCI for indicating multiple forwarding occasion. 
[bookmark: _Ref114518799]Proposal 8: For DCI based indication, a single DCI is used to indicate multiple forwarding occasions, and the indication is repeated within a PDCCH monitoring periodicity. 
[image: ]
[bookmark: _Ref115120402]Figure 6 Multiple forwarding occasions indicated by a single DCI
Moreover, the number of access beams can be only one, e.g., for an NCR with a single access beam and a single backhaul beam. In this case, the backhaul and access beam information is not required and only time domain resource is required. To make the DCI size fixed and predicted for NCR-MT, the number of backhaul beams, access beams, forwarding occasions, and time domain allocations are configured by RRC. Moreover, one time domain allocation can be defined as NULL such as to turn OFF the forwarding occasion. 

Priority between different indications
For the NCR-Fwd, multiple indications may be received by NCR-MT. And the indications may lead to conflicted NCR-Fwd behaviors in the same time domain resources. An example is shown in Figure 7. In (a), an access beam  is indicated for the 3rd~6th  OFDM symbol (i.e., #2~#5) of the 2nd slot in every 20 ms by semi-static indication 1, and in (b), four access beams {} are indicated for slots 0~4 by dynamic indication 2. For slot 1, different beams for NCR-Fwd over OFDM symbol #2~#5 are indicated, the NCR may not know how handle such a situation. In such a case, one or both indications should be invalid over these symbols. However, periodic forwarding resources are used for forwarding broadcast signals as we have discussed in 2.2.3, and coverage hole will be introduced if the broadcast signal is not forwarded due to indication conflicting. 
[bookmark: _Ref114518727]Observation 15: If multiple indications leads to conflicted NCR-Fwd behaviors, discarding the periodic indication for forwarding the broadcast signals may lead to coverage hole. 
To avoid this, priority between indications should be defined. If the forwarding resources are indicated using NR signal or resource index (e.g., in Figure 5 (b)), the NR defined priority should be guaranteed. For example, the SSB is always of highest priority. Specifically, the priority decreases with the order of periodic indication, semi-persistent indication, aperiodic indication, dynamic indication, and a higher priority indication can overwrite a lower priority indication. For example in Figure 7 (c), the NCR-Fwd follows the periodic indication over the conflicted symbols. Moreover, the gNB should guarantee that multiple periodic indications are not conflicted. 
[bookmark: _Ref114518807]Proposal 9: Priority should be defined for the periodic, semi-persistent, aperiodic, and dynamic indications. If a same time domain is indicated with multiple access link beams, NCR-Fwd behavior should always follows the indication with highest priority. 
Proposal 10: Periodic indications should be of higher priority than semi-persistent, aperiodic, and dynamic indications. 
[image: ]
[bookmark: _Ref114515860]Figure 7 Different indication for the access link
Moreover, the UL of C-link and backhaul link may also be indicated simultaneously for a NCR. If the NCR only supports TDM, one signal should be discarded. Similar to the above discussion, the NCR-Fwd UL forwarding of periodic signals should be avoided. 
[bookmark: _Ref114518732]Observation 16: For an NCR supports UL of C-link and backhaul link in TDM, discarding the periodic indication for forwarding the broadcast signals may lead to coverage hole if simultaneous UL transmissions are indicated. 
[bookmark: _Ref114518810]Proposal 11: For an NCR supports UL of C-link and backhaul link in TDM, the UL of backhaul link indicated by periodic indication should be of higher priority than UL of C-link if simultaneous UL of C-link and backhaul link are indicated. 

UL-DL TDD operation
For UL-DL TDD operation, the following is agreed: 
	Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols
· FFS: The behavior over these symbol if dynamic DL/UL operation is supported by NCR-MT and/or NCR-Fwd.


In practical deployment, semi-static TDD UL/DL configuration are deployed to avoid unnecessary cross-link interference among gNBs as well as the UEs, and only a few flexible symbols are configured to accommodate the DL-UL switching gap. With NCR, the cross-link interference over flexible symbols may become more serious. For example in Figure 8, the flexible symbols for gNB1 and gNB2 are indicated as downlink and uplink receptively, and NCR performs uplink forwarding to gNB2 at the flexible symbols. As a result, the NCR forwarding over the flexible symbols will leads to extra interference for the network. 
[bookmark: _Ref114518740]Observation 17: The NCR forwarding over flexible symbols will bring higher cross link interference for the network.
If dynamic DL/UL operation is supported by NCR-MT or NCR-Fwd over flexible symbols, the side control information can also be applied over these symbols. Considering that the dynamic UL/DL assignment can be supported by SFI via DCI format 2_0, i.e. NCR-MT can be configured with DCI format 2_0 to dynamically determine the UL/DL directions, it is not clear whether there is a need to define a duplicated function achieve the same purpose. 
[bookmark: _Ref100828305]Proposal 12: No specific side control signaling is introduced to support dynamic DL/UL forwarding. 
[image: ]
[bookmark: _Ref114328684]Figure 8 Cross-link interference at flexible symbols involving NCR

ON-OFF information 
The following options are considered to support ON-OFF information indication:
	Agreement
For the ON/OFF information indication, at least one of following options is supported to indicate the ON state of NCR
· Alt-1: Explicit indication with dedicated field to indicate ON state
· Note: At least it’s supported when the beam indication is not applicable
· Alt-2: Implicit indication via the beam indication
· Alt-3: Indication via the time domain resource indication (i.e., the NCR is assumed to be ON over the indicated time domain resource)


The NCR-Fwd is always expected to be “OFF” before gNB indication. To enable NCR-Fwd signal forwarding, the time domain resource information, backhaul beam information, and access beam information (if there are more than one backhaul / access beams) are indicated. Since the time domain resource information is always required, a dedicated field to indicate ON state is redundant and leads to unnecessary signaling overhead in Alt-1. For Alt-2, there may be cases that only single beam is used at the NCR-Fwd access link, and the beam information may be not always required. In this case, implicit indication is impossible.  
[bookmark: _Ref114518744]Observation 18: To turn “ON” the NCR-Fwd, time domain resource information, backhaul beam information, and access beam information are required. 
[bookmark: _Ref114518748]Observation 19: Time domain resource information is always required for “ON” indication, and a dedicated field to indicate ON state is redundant and leads to unnecessary signaling overhead in Alt-1. 
[bookmark: _Ref118041143][bookmark: _Ref114518819]Observation 20: When NCR is configured with only a single beam for signal forwarding, beam indication is not required and Alt-2 doesn’t work. 
[bookmark: _Ref118041284]Proposal 13: NCR-Fwd “ON” is indicated implicitly by time domain resource information (Alt-3).
Moreover, the NCR-Fwd is expected to be indicated as “ON” dynamically, semi-persistently, or periodically. The behavior of NCR-Fwd corresponding to these signaling are: 
· Dynamic indication: e.g., dynamic data transmission. NCR-Fwd is only “ON” and in forwarding state during the indicated time, and the indication is ineffective outside of the indicated time. 
· Semi-persistent indication: e.g., CSI-RS, SRS, and semi-persistent scheduling. The forwarding can be turned “OFF” by simply deactivate the forwarding resource. 
· [bookmark: _Ref114518752]Periodic indication: e.g., broadcast signals periodically forwarded. It cannot be turned “OFF” over these indicated signals. Otherwise, the coverage will be impacted. Thus, NCR-Fwd is always “ON” the semi-statically or periodically indicated forwarding resources.
[bookmark: _Ref115165272]Observation 21: When an NCR-Fwd is indicated to be “ON” periodically, it cannot be turned OFF for periodic indication, and can be turned OFF by deactivation signaling for semi-persistent indication. 
[bookmark: _Ref114518823]Proposal 14: Explicit NCR-Fwd “OFF” indication is not required.
Once an NCR is deployed and activated for signal forwarding, long term “OFF” should be avoided. The reason is that the lack of broadcast signals may lead to coverage hole. However, the NCR can be configured to be OFF in long term by OAM or manually, which may be determined based on network optimization. 

Power control 
Although it has been shown by several papers [7] that power control is beneficial for NCR-Fwd, it is still controversial whether power control signaling is specified as side control information or not. 
As discussed in section 2, gNB may serve the NCR with multiple beams, and the beams are of different beam widths or directions, example is shown in Figure 9. How the gNB schedules transmit beam for NCR is up to implementation. Without power control of NCR-Fwd, NCR-Fwd amplifying gain will be set by OAM or hard-coded at the initial deployment. However, if gNB serves the NCR with a wide beam (with a lower gNB TRP/EIRP) at the initial deployment, the amplifying gain is expected to set at a high value such as to achieve the target TRP/EIRP. For the signal forwarding, gNB may serve with a narrower beam (with higher gNB TRP/EIRP), and the received power at the NCR will be increased. Since NCR-Fwd amplifying gain is fixed and there is no time for NCR to remeasure its received power and adjust its amplifying gain, the NCR-Fwd output power will increases or even saturated. Thus, the forwarded signals are distorted. Even worse, the forwarded signals may lead to interference for the network. 
[image: ]
[bookmark: _Ref114340829]Figure 9 gNB transmitting with different beams at different time 
Moreover, the antenna gain of NCR-Fwd access beam is expected to different for different beam widths. For the beams as exemplified in Figure 3, the difference between the antenna gain can be 6 or 12 dB. If the amplifying gain is fixed, the DL EIRP is varied for different beams, a lower EIRP and thus a lower coverage is achieved by a wide beam. To compensate the difference of received power or antenna gain, different amplifying gain can be adopted for different NCR-Fwd forwarding beams, e.g., SSB and CSI-RS, as shown in Figure 10. 
[bookmark: _GoBack][image: ]
(a) SSB forwarding
[image: ]
(b) CSI-RS forwarding
[bookmark: _Ref115164604]Figure 10 Signal forwarding with different NCR-Fwd gains
In [5], error vector magnitude (EVM) requirements are defined for NR RF repeaters as shown in Table 4. For NCR-Fwd, it is expected that same EVM requirements will be applied. It is well known that a smaller required EVM value needs larger PA back-off, resulting in a lower output power. If the lowest EVM is always enforced at NCR-Fwd, the maximum output power will be reduced. 
[bookmark: _Ref115165219]Table 4 NR repeater minimum requirements for EVM
	Parameter
	Required EVM for DL
	Required EVM for UL

	Up to 16QAM
	12.5%
	12.5%

	64QAM
	8 % 1
	8% 3

	256QAM
	3.5 % 2
	

	Note 1: support of 64QAM is based on the declaration
Note 2: support of 256QAM is based on the declaration.
Note 3: support of 64QAM is based on the declaration


In light of above discussions, we have the following observation and proposal:
[bookmark: _Ref115165291]Observation 22: Without power control, the following problems are introduced: 
· Changed gNB beam may make NCR-Fwd saturation and lead to distorted signal forwarding and interference. 
· The beams can be used for NCR-Fwd access link is limited by the coverage. 
· The lowest required EVM is always adopted, the maximum output power at NCR-Fwd will be reduced.
[bookmark: _Ref115212420]Proposal 15: Power control is specified as side control information.
To support power control, multiple amplifying gain can be configured for the NCR-Fwd. For example, a nominal amplifying gain  and a set of amplifying gain offsets  are semi-statically configured. For each forwarding occasion, an amplifying gain offset  is indicated and the actual amplifying gain is . For the semi-static or semi-persistent configured signal forwarding, the amplifying gain is configured together the RRC for beam and time domain resources. For DCI based dynamic forwarding, an amplifying gain can be indicated for each forwarding occasion.
[bookmark: _Ref114518829][bookmark: _Ref100490218]Proposal 16: One or multiple amplifying gains can be indicated by RRC and DCI, and one amplifying gain is indicated for each forwarding occasion. 

Conclusions
The contribution provides our considerations on NCR side control information, and the observations are listed as following:
Observation 1: In case the backhaul link beam is not explicitly indicated, the backhaul link beam can be selected based one of the following options: 
· Option 1: the beam for receiving the side control signaling in C-link, e.g., receiving SSB, PDCCH, or PDSCH in C-link; 
· Option 2: the beam used by the latest forwarding occasion;
Observation 2: A default backhaul link beam based on the beam for receiving the side control signaling in C-link (option 1) may lead to performance degradation for signal forwarding.
Observation 3: A default backhaul link beam based on the beam used by the latest forwarding occasion (option 2) is preferred in terms of signaling overhead.
Observation 4: There is no obvious need to deliver the set of beams supported by NCR-Fwd for access link to the gNB. Only the set of beams used by NCR-Fwd for access link is enough for gNB. 
Observation 5: The set of beams used by NCR-Fwd for access link for a target coverage can be determined during network planning & optimization by operator, and configured for gNB and NCR.
Observation 6: gNB cannot determine by itself which set of NCR-Fwd access beams should be used since the target coverage and site information of NCR are unknown.
Observation 7: It is agreed by RAN4 that the beam related parameters defined in TS 38.106 and TS 38.115-2 for NR RF repeater are reused for NCR-Fwd access beam, e.g., beam identity, beam direction, and beamwidth. 
Observation 8: The spatial relationship can be defined based on either of the following options:
Observation 9: NCR-Fwd may be able to generate a large number of beams, but only a subset of the beams are configured for gNB and NCR. If gNB indicates the beam index based on the full set of beams, the signaling overhead is very large.
Observation 10: To enable beam sweeping for NCR-Fwd access link, the gNB has to allocate additional backhaul beams for the NCR-Fwd, leading to an increase of overhead. And the overhead increases with number of access beams at the NCR-Fwd and the number of associated NCRs.
Observation 11: If the maximum number of SSB beams and CSI-RS beams are not limited, an NCR may only generate a large number of narrowest beams on access link. As a result, a high gNB overhead is introduced by configuring a large number of beams for NCR to ensure a target coverage, or the NCR coverage has to be reduced by only configuring a subset of beams for NCR.
Observation 12: The time domain behaviors, time domain positions, and beam information can be different for different forwarded signals, such as SSB, SIB1, CSI-RS, PDCCH, PDSCH, PRACH, SRS, PUCCH, and PUSCH, and the indication can be very complicated if there is no unified signaling framework.
Observation 13: For the access link beam indication by RRC,
· Resource type (e.g., periodic, semi-persistent, and aperiodic) is required. 
· An SCS is required for indicating for the starting time, the duration, and periodicity. 
Observation 14: The number of required bits for a single forwarding occasion is quite limited, and it is more efficient to use a single DCI for indicating multiple forwarding occasion.
Observation 15: If multiple indications leads to conflicted NCR-Fwd behaviors, discarding the periodic indication for forwarding the broadcast signals may lead to coverage hole.
Observation 16: For an NCR supports UL of C-link and backhaul link in TDM, discarding the periodic indication for forwarding the broadcast signals may lead to coverage hole if simultaneous UL transmissions are indicated.
Observation 17: The NCR forwarding over flexible symbols will bring higher cross link interference for the network.
Observation 18: To turn “ON” the NCR-Fwd, time domain resource information, backhaul beam information, and access beam information are required.
Observation 19: Time domain resource information is always required for “ON” indication, and a dedicated field to indicate ON state is redundant and leads to unnecessary signaling overhead in Alt-1.
Observation 20: When NCR is configured with only a single beam for signal forwarding, beam indication is not required and Alt-2 doesn’t work.
Observation 21: When an NCR-Fwd is indicated to be “ON” periodically, it cannot be turned OFF for periodic indication, and can be turned OFF by deactivation signaling for semi-persistent indication.
Observation 22: Without power control, the following problems are introduced: 
· Changed gNB beam may make NCR-Fwd saturation and lead to distorted signal forwarding and interference. 
· The beams can be used for NCR-Fwd access link is limited by the coverage. 
· The lowest required EVM is always adopted, the maximum output power at NCR-Fwd will be reduced.

The proposals are:
Proposal 1: In case the backhaul link beam is not explicitly indicated, a default beam can be determined based on the beam used by the latest forwarding occasion. 
Proposal 2: The set of beams used by NCR-Fwd for access link are configured for gNB and NCR by high layer, e.g., by OAM.
Proposal 3: Beam direction and beamwidth are used to define the spatial relationship between NCR-Fwd access beams.
Proposal 4: NCR-Fwd access beam is indicated in order based on the subset of beams configured for gNB and NCR.
Proposal 5: For NCR-Fwd access link, the maximum number of SSB beams and CSI-RS beams should be limited, e.g., 4 for SSB, and 16 for CSI-RS.
Proposal 6: Forwarding occasion, forwarding resource, and forwarding resource set are defined for the signaling design of side control information
· A forwarding occasion is defined as the time that NCR-Fwd forwards DL or UL signals with a same beam and amplifying gain. 
· A forwarding resource is defined by a resource index, a beam index, and time domain positions (i.e., starting OFDM symbol index, the number of consecutive symbols, slot index, and periodicity) or NR resource index. 
· A forwarding resource set is defined by a resource set index and a list of forwarding resources.
Proposal 7: The following information is configured by the RRC for NCR-Fwd forwarding resources: 
· Access link beam index, and backhaul beam index
· Resource type, e.g., periodic, semi-persistent, and aperiodic. 
· SCS for indicating the staring time of the configuration, the duration of each forwarding occasion, and periodicity.
Proposal 8: For DCI based indication, a single DCI is used to indicate multiple forwarding occasions, and the indication is repeated within a PDCCH monitoring periodicity.
Proposal 9: Priority should be defined for the periodic, semi-persistent, aperiodic, and dynamic indications. If a same time domain is indicated with multiple access link beams, NCR-Fwd behavior should always follows the indication with highest priority. 
Proposal 10: Periodic indications should be of higher priority than semi-persistent, aperiodic, and dynamic indications.
Proposal 11: For an NCR supports UL of C-link and backhaul link in TDM, the UL of backhaul link indicated by periodic indication should be of higher priority than UL of C-link if simultaneous UL of C-link and backhaul link are indicated.
Proposal 12: No specific side control signaling is introduced to support dynamic DL/UL forwarding.
Proposal 13: NCR-Fwd “ON” is indicated implicitly by time domain resource information (Alt-3).
Proposal 14: Explicit NCR-Fwd “OFF” indication is not required.
Proposal 15: Power control is specified as side control information. 
Proposal 16: One or multiple amplifying gains can be indicated by RRC and DCI, and one amplifying gain is indicated for each forwarding occasion.
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