3GPP TSG RAN WG1#109-e	        	R1-2203741
E-meeting, May 9th – 20th, 2022

Agenda Item:					    9.8.1
Source:	Sony
Title:	Considerations on side control information to enable NR network-controlled repeaters
Document for:	Discussion and decision


Justification and objective
RAN#94-e approved a Rel-18 SI on network-controlled repeaters (NCRs). The justification and objectives are given in the SID [1] and reproduced below. This contribution provides our initial views on what side control signaling is essential for adopting NCRs on top of Rel-17 3GPP specifications. In the companion contribution R1-2203741 [9], we consider mechanisms to enable L1/L2 signaling of the necessary side control information.

Justification
Coverage is a fundamental aspect of cellular network deployments. Mobile operators rely on different types of network nodes to offer blanket coverage in their deployments. Deployment of regular full-stack cells is one option, but it may not always be possible (e.g., no availability of backhaul) or economically viable.
As a result, new types of network nodes have been considered to increase mobile operators’ flexibility for their network deployments. For example, Integrated Access and Backhaul (IAB) was introduced in Rel-16 and enhanced in Rel-17 as a new type of network node not requiring a wired backhaul. Another type of network node is the RF repeater which simply amplify-and-forwards any signal that it receives. RF repeaters have seen a wide range of deployments in 2G, 3G and 4G to supplement the coverage provided by regular full-stack cells. In Rel-17, RAN4 specified RF and EMC requirements for such RF repeaters for NR targeting both FR1 and FR2.
While an RF repeater presents a cost-effective means of extending network coverage, it has its limitations. An RF repeater simply does an amplify-and-forward operation without being able to take into account various factors that could improve performance. Such factors may include information on semi-static and/or dynamic downlink/uplink configuration, adaptive transmitter/receiver spatial beamforming, ON-OFF status, etc.
A smart repeater is an enhancement over conventional RF repeaters with the capability to receive and process side control information from the network. Side control information could allow a smart repeater to perform its amplify-and-forward operation more efficiently. Potential benefits could include mitigation of unnecessary noise amplification, transmissions and receptions with better spatial directivity, and simplified network integration.

Objective
The study on NR smart repeaters is to focus on the following scenarios and assumptions [the numbering is ours]:
· [AS-1] Smart repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· [AS-2] For only single hop stationary smart repeaters
· [AS-3] Smart repeaters are transparent to UEs
· [AS-4] Smart repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE 1: Cost efficiency is a key consideration point for smart repeaters.

Study and identify which side control information below is necessary for smart repeaters including assumption of max transmission power [RAN1] [the numbering is ours]
· [SC-1] Beamforming information
· [SC-2] Timing information to align transmission / reception boundaries of smart repeater
· [SC-3] Information on UL-DL TDD configuration
· [SC-4] ON-OFF information for efficient interference management and improved energy efficiency
· [SC-5] Power control information for efficient interference management (as the 2nd priority)
Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]

Study the following aspects of smart repeater management
· Identification and authorization of smart repeaters [RAN2, RAN3]
NOTE 2: Coordination with SA3 may be needed.

NOTE 3: It has the possibility to rename the SI title in RAN#95e.

Introduction
Figure 1 shows a schematic view of a gNB, an NCR, and a UE, as part of a 5G NR communications network. We assume that an NCR consists of two logical components: a mobile terminal (MT)-NCR component and a radio unit (RU)-NCR component. Generally speaking, the NCR-MT component takes care of the control plane; it exchanges configuration messages with the gNB and configures the NCR-RU component accordingly. Once configured, the NCR-RU provides a transparent amplify-and-forward function between the gNB and a target UE. 

[image: ]
[bookmark: _Ref102043633]Figure 1. Schematic view of a gNB, an NCR, a UE, and the associated signaling paths.

[bookmark: _Ref101899917]NCR architecture and protocol stack
Several NCR architectures are possible. In this section, we provide two examples, one of which we propose to use as a reference for further discussions during the SI phase. 

[bookmark: _Ref101913446]Hardware architecture
Example architecture 1
Figure 2 illustrates a first example NCR architecture. The NCR-MT and -RU components have dedicated hardware. The NCR-RU component consists of a front-haul array, to serve the front-haul link (FL) between the serving BS and the NCR, and an access array, to serve the access link between the NCR and the served UEs. A combiner/splitter (or two of them in a back-to-back configuration) interconnects these two arrays. Each array has its own set of antennas, low-noise amplifiers (LNAs), power amplifiers (PAs), controllable switches, and phase shifters, and can handle both UL and DL transmissions. 
The NCR-MT component consists of an NCR-MT array, a combiner/splitter, and a control unit and is capable of both UL and DL transmissions with the BS.
Figure 2 is only a conceptual illustration: Additional or alternative components may be present in practical implementations. For example, bandpass filters might be used to suppress unwanted signals and noise.
[image: ]
[bookmark: _Ref101353003][bookmark: _Ref101901249]Figure 2. NCR architecture with dedicated hardware. In this example, the switches of the NCR-MT and -RU components have both been configured to enable UL and DL transmissions, respectively, at the same time.
 
The NCR-MT and -RU components function independently, which means that both the NCR-MT and -RU can engage in UL or DL transmissions at the same time. Table 1 summarizes this. The only connection between the two components is the side control information flowing from the NCR-MT component toward the NCR-RU. The NCR-MT extracts the side control information from NCR-RU commands within the BWP allocated by the BS. The side control information can control the following aspects of the NCR-RU:
· by adjusting the switching times of the controllable switches in the NCR-RU, desired transmission and reception boundaries of the NCR-RU can be set up;
· by adequately setting the state of the controllable switches in the NCR-RU, the desired UL/DL TDD configuration can be enforced;
· by regulating the gain of the LNAs and PAs in the NCR-RU, ON/OFF information and power control information for efficient interference management can be leveraged;
· by suitably adjusting the state of the phase shifters in the NCR-RU, the desired beamforming configuration of the NCR-MT array and the NCR-RU array can be achieved.
[bookmark: _Ref101361098]
[bookmark: _Ref102046035]Table 1. Allowed state combinations of NCR-MT and -RU components with dedicated hardware.
	NCR-MT
	NCR-RU

	MT array
	FH array
	Access array

	OFF
	OFF
	OFF

	OFF
	DL
	DL

	OFF
	UL
	UL

	DL
	OFF
	OFF

	DL
	DL
	DL

	DL
	UL
	UL

	UL
	OFF
	OFF

	UL
	DL
	DL

	UL
	UL
	UL



Example architecture 2
Figure 3 illustrates a second example NCR architecture. Again, to reduce costs, hardware is shared between the NCR-MT and the NCR-RU components. In particular, we get rid of the NCR-MT array in Figure 2 and the associated combiner/splitter. Instead, the FH array in the NCR-RU is reused for NCR-MT UL/DL transmissions, and samples associated with NCR-MT BWP are passed between the NCR-RU and the NCR-MT. 
[image: ]
[bookmark: _Ref101364751]Figure 3. NCR architecture with shared hardware. The NCR-MT and -RU components share a common UL/DL TDD configuration and common transmissions and reception boundaries. Furthermore, the FH link of the NCR-RU and the NCR-MT link share the same transmit power and beamforming configurations. In this example, the switches of the NCR-RU component have been configured to enable DL transmissions.

Of course, the hardware savings achieved by the NCR architecture of Figure 3 come at a price. Because of the sharing of hardware components, the set of allowed states of the NCR-MT and -RU components, summarized in Table 2, is very much restricted compared to example architecture 1. These restrictions must be considered by the network and lead, in general, to increased scheduling complexity. Furthermore, they may also lead to increased end-to-end latency. When a conflict between the respective UL/DL TDD configurations arises, NCR-MT and -RU transmissions must be serialized.


[bookmark: _Ref101366392]Table 2. Allowed state combinations of NCR-MT and -RU components with shared hardware.
	NCR-MT
	NCR-RU

	MT array
	FH array
	Access array

	OFF
	OFF
	OFF

	DL
	DL
	DL

	UL
	UL
	UL



[bookmark: _Ref101913413]Reference NCR architecture
We make the following observations and proposals:
Observation 1.  Several NCR candidate architectures are possible. However, each presents different pros and cons regarding hardware cost and scheduling complexity.

Proposal 1.  Study pros and cons of NCR candidate architectures, including at least example NCR architecture 1, with dedicated hardware, and example NCR architecture 2, with shared hardware. Select a reference NCR architecture for further SI and WI discussions.   

Given [AS-4], i.e., “smart repeater can maintain the gNB-repeater link and repeater-UE link simultaneously,” the reference NCR architecture must be endowed with dedicated hardware for NCR-MT and NCR-RU, e.g., as illustrated by the example NCR architecture 1.
Observation 2.  To maintain the gNB-repeater and repeater-UE links simultaneously, the reference NCR architecture may need to be endowed with dedicated hardware, like in example NCR architecture 1.

[bookmark: _Ref101913854]Protocol stack
We detail the protocol stacks relevant to NCR-assisted gNB – UE communications. Figure 4 illustrates the protocol stack of the NCR-MT control plane. The stack is identical to the UE control plane stack; cf. Figure 6. This is because the NCR-MT component of an NCR behaves like any UE: It needs to search for potential serving cells, RRC connects and transfers NCR capabilities to one of them, registers to the network, and authenticates itself. These steps only involve the BS and NCR-MT, and the NCR-RU and UEs are unaware. 
The NCR is ready to receive NCR-RU commands from the BS. As illustrated in Figure 5, these arrive via the NCR side control information plane. Whether the signaling of side control information happens in the PHY, MAC, or both is to be discussed. Although not shown in Figure 5, signaling of side control information via higher layers may also be considered.
[image: ]
[bookmark: _Ref101539654]Figure 4. Protocol stack of the NCR-MT control plane.

[image: ]
[bookmark: _Ref101540722]Figure 5. Protocol stack of the NCR side control information plane.

Once the NCR-RU has been activated, communication between the BS and the UEs can proceed transparently. Therefore, the regular control and user plane protocol stacks apply; see Figure 6 and Figure 7. Note that except for the amplify-and-forward function of the NCR-RU, the NCR is effectively bypassed.

[image: ]
[bookmark: _Ref101541522]Figure 6. Protocol stack of the UE control plane.

[image: ]
[bookmark: _Ref101541526]Figure 7. Protocol stack of the UE user plane.

Side control information
In this section, we examine the need or convenience of the several types of side control information proposed in [1] and designated by [SC-1]–[SC-5].

Beamforming information
Compared to RF repeaters, a key characteristic of NCRs is that they are capable of directional transmissions, i.e., beamforming. Beamforming may help increase the received power of the intended signal and reduce power radiated toward unwanted directions. Side control information is required to enable beamforming: The NCR needs to know which directions signals arrive from or should be sent to. 
We argued in Sec. 3 that the NCR-MT component of the NCR should behave as a regular UE. The procedures by which the BS and the UEs exchange beamforming information are well known; see, e.g., [7][8]. We, therefore, focus on the NCR-RU component of the NCR. As illustrated in Figure 2, there are two parts to it, namely, the FH link and the access link, which must be configured with side control beamforming information. We discuss them separately.
For the FH link, it is reasonable to assume that signals received by the FH array are QCLed with some (some of) the signals received by the NCR-MT array. For the discussion in this section, we require typeD QCL only, but one might expect that other QCL relations—i.e., typeA, typeB, and typeC—also hold. Note that co-location of the NCR-MT and NCR-RU FH arrays is not required, but merely that one may form beams in the same directions. 
Observation 3.  It is reasonable to assume that the NCR-MT array and the NCR-RU FH array can form beams in the same directions. In other words, known typeD QCL relations for NCR-MT link signals can be exploited for NCR-RU FH link signals.

NCR-MT SS/PBCH blocks are good candidates as QCL sources for NCR-RU FH link signals. However, further beam refinements may be desirable, considering that the BS-NCR link is static. Exactly which NCR-MT signals should be eligible as typeD QCL sources and how to exchange QCL information between the NCR-MT and the NCR-RU FH links should be studied.
Proposal 2.  Study which NCR-MT link signals are eligible as typeD QCL sources of NCR-RU FH link signals and how to exchange QCL information between the two links.

For the access link, there is no obvious QCL source. So instead, we propose that i) the BS and the NCR agree on how many beams shall be used for the NCR-RU access link, and ii) the UEs measure the quality of these beams by using, e.g., SS/PBCH blocks or CSI-RS signals forwarded by the NCR-RU on said beams. The following signaling diagram illustrates the procedure.

[bookmark: _Ref101916582][image: ]
Figure 8. Procedure for determining the number  of access beams.
In Figure 8, the NCR-RU informs the BS that it has  beams available on the access link. On the other hand, the BS is willing to handle  access beams. In general, these two numbers will not agree, and , at most, need to be selected:
· If , the BS may indicate to the NCR that all  access beams are to be used.
· If , the BS may select  of the  access beams that are to be used by, e.g., indicating the indices of the beams selected. To make this selection, the BS might require some knowledge of the properties of the access beams. Alternatively, the BS might delegate to the NCR the job of selecting  access beams.

Observation 4.  For the access link, there is no obvious QCL source. Access link spatial properties can be discovered, e.g., by configuring UEs to measure on these beams.

Proposal 3.  Study the procedure to select NCR-RU access beams by the BS. The BS and the NCR may need to negotiate the number and properties of the access beams used to serve the UEs. Study whether additional information, such as properties of the available access beams, needs to be exchanged between the NCR and the BS.

Timing information 
Another type of side control information to consider is [SC-2] “timing information to align transmission / reception boundaries.” Based on assumption [AS-4] “Smart repeater can maintain the gNB-repeater link and repeater-UE link simultaneously” (see also our discussion in Sec. 3.1), we shall assume that the timings of the NCR-MT and -RU components can be set independently. Furthermore, since the NCR-RU is not supposed to receive BS signals directly but just to forward them (see Sec. Figure 6 and Figure 7 in Sec. 3.2), one must assume that the only time reference is available to the NCR-RU is the time reference of the NCR-MT. We then have the following situation:
· the timings of the NCR-MT and -RU components can be set independently;
· the timing of the NCR-RU component is set with respect to the timing of the NCR-MT component;
· the timing of the NCR-MR component is set with respect to the timing of the BS.

The timing diagram of Figure 9 illustrates this:
· UEs see a total propagation delay , where ,  are the BS-NCR, NCR-UE propagation delays, respectively, and  is an amplify-and-forward delay occurring inside the NCR-RU. We assume that  is small.
· the timing advance of the NCR-MT component can be typically set to . Since in this SI/WI we only consider stationary repeaters, see [AS-2], we may expect the propagation  to be relatively static;
· we assume that the timing advance of the NC-RU can be set to , which is the same as  plus and adjustment term , which we explain below. 

A UE can be served through i) the BS only, ii) the NCR only, or iii) both the BS and the NCR. If one assumes that [AS-3] “smart repeaters are transparent to UEs,” it follows that UEs themselves are unaware of which of the three above alternatives apply. Suppose that a particular UE is served through both the BS and the NCR. The relation , where  is the direct path propagation delay between the BS and the UE, holds trivially. Then, a term  should be added to the timing advance of the NCR-RU, to amplify and forward the UE transmission in full. 
[image: ]
[bookmark: _Ref101916603]Figure 9. A timing diagram according to example NCR architecture 1. The NCR-MT and -RU components have independent timelines. In particular, their timing advances may be adjusted independently. They may also be configured with different UL/DL TDD patterns. In this example, the BS has configured NCR-MT with pattern DDFU and NCR-RU with DDDDDDFU.

Based on the above discussion, we make the following proposals:
Proposal 4.  For discussions of side control timing information, assume the following:
· the timings of the NCR-MT and -RU components can be set independently;
· the timing of the NCR-RU component is set with respect to the timing of the NCR-MT component;
· the timing of the NCR-MR component is set with respect to the timing of the BS.

Proposal 5.  The BS can set the timing advance of the NCR-RU to , where  is the timing advance of the NCR-MT, and the term  is used to accommodate transmissions of UEs served by both the BS and the NCR, simultaneously. 

Information on UL-DL TDD configuration
Since the NCR SI/WI focuses on FR-2 deployments (see [AS-1], “smart repeaters are [...] used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios”), and since FR-2 bands are, as of now, TDD bands, a way of conveying side control information to the NCR about applicable UL/DL TDD configurations needs to be envisioned.
In principle, the NCR-MT could learn the cell-specific UL/DL TDD configuration in IE TDD-UL-DL-ConfigCommon, and pass it on to the NCR-RU. However, since the network can configure UE-specific UL/DL TDD patterns (i.e., using IE TDD-UL-DL-ConfigDedicated), the NCR-MT might have difficulty tracking the UL/DL TDD configurations of scheduled UEs. Therefore, it would seem that the BS is better suited for this task:
Observation 5.  Since UL/DL TDD configurations may be UE-specific, it seems reasonable that the BS should signal to the NCR-RU the UL/DL TDD configuration that applies to each slot.

However, signaling to the NCR-RU the UL/DL TDD configuration at each slot would result in significant overhead. We, therefore, propose the following:
Proposal 6.  To configure the UL/DL TDD side control information, use a periodic UL/DL TDD configuration compatible with the cell-specific UL/DL TDD configuration. Then, use asynchronous signaling to override slots according to configured UE-specific UL/DL TDD patterns.

Signaling details can be discussed under agenda item 9.8.2, “L1/L2 signaling for side control information;” see also [9].

ON-OFF information
Because NCRs are capable of highly directional transmissions, they also have the potential to interfere with other nodes in the network. For example, in Figure 10, UE2 in cell 2 receives an interfering signal from NCR1 in cell 1, which, in turn, forwards BS1 transmissions to UE1. 
[image: ]
[bookmark: _Ref101983753]Figure 10. Example of interference caused by an NCR. Signals forwarded by NCR1 to UE 1 in cell 1 may interfere with receptions of UE2 in cell 2.

A simple remedy is to temporarily suspend NCR operation, i.e., to switch off the NCR-RU transmitter(s) so that UE2 can receive BS2 signals without interference from NCR1. However, if UEs are scheduled periodically, interference may also occur in patterns. We, therefore, propose the following.
Proposal 7.  For efficient signaling of ON-OFF information, consider
· periodic activity patterns, superimposed to UL/DL TDD patterns, with a granularity of slots or OFDM symbols, to combat periodic interference patterns;
· aperiodic ON/OFF activation/deactivation commands, to address episodic interference situations.

Figure 11 illustrates the concept of activity pattern. In this example, the activity pattern has a transmission periodicity of 8 slots, while a four-slot long UL/DL TDD pattern has been configured. When the activity pattern is applied, the resulting UL/DL TDD pattern becomes 8-slot long, during two of which the NCR-RU is switched OFF—indicated by dashes.
[image: ]
[bookmark: _Ref101989619]Figure 11. Composition of an activity pattern and a UL/DL TDD pattern.

In the preceding example, ON/OFF side control information applies to both UL and DL directions. However, simple extensions of this scheme may prove more convenient in some situations. For example, activity patterns may be defined that apply:
· only in the UL direction, to suppress UL interference of the NCR, e.g., to unintended BSs;
· only in the DL direction, to suppress DL interference of the NCR, e.g., to unintended UEs;
· both in the UL and DL directions, as in the example above.

Proposal 8.  For efficient signaling of ON-OFF information, study introducing UL-only, DL-only, or UL/DL activity patterns.

Power control information
One of the objectives of the NCR SI/WI [1] is to 	[SC-5] “Power control information for efficient interference management (as the 2nd priority).” As this objective has a second priority, we shall not discuss it in this contribution.

Other procedures
We draw attention to the initial access procedure. To connect to the network, UEs need to be able to discover SS/PBCH (SSB) blocks forwarded by the NCR, which we shall call NCR-SSBs, for short. Since NCRs are transparent to UEs [AS-3], NCR-SSBs must be transmitted at frequencies of the synchronization raster [5]. There is more than one way to do this.

Method 1: SS/PBCH index reservation
In method 1, the gNB reserves some SS/PBCH indices for potential NCR-SSB transmissions. After an NCR registers to the network, the gNB allocates a group of SSB indices to the NCR, which may activate the NCR-RU in the DL direction. NCR-SSBs are thereby amplified-and-forwarded toward the UEs, which may then discover the gNB and register to the network.
The assignment of SS/PBCH indices is simple. They are indicated as part of servingCellConfigCommonSIB in SIB1 in the fields ssb-PositionsInBurst.inOneGroup and ssb-PositionsInBurst.groupPresence, which are described in [10]. They define a two-level indexing scheme of the SSB blocks. The field groupPresence comprises 8 bits, the leftmost referring to SS/PBCH indices , the next to SS/PBCH indices , etc. For each such block of SS/PBCH indices, the leftmost bit of the field inOneGroup, which also comprises 8 bits, refers to the first SS/PBCH in the group (i.e., SS/PBCH indices 0, 8, and so on), the next to the second SS/PBCH in the group (i.e., SS/PBCH indices 1, 9 and so on), etc. Figure 12 shows an example. 
[image: ][image: ]
[bookmark: _Ref102138882]Figure 12. Illustration of method 1. To the left, the gNB only uses SS/PBCH blocks 0 – 7; to the right, an NCR registers to the network, and the gNB sends SS/PBCH blocks 54 – 63 through it. 

We summarize the pros and cons of method 1 in the following table.
[bookmark: _Ref102139671]Table 3. Pros and cons of method 1.
	Pros
	Cons

	Straightforward.
	Limited capacity, i.e., the maximum number of SS/PBCH blocks according to [7], cannot be exceeded.

	
	Limited flexibility, i.e., gNB and NCRs share the same inOneGroup allocation.

	
	Some UEs can see SS/PBCH 7 and 54 – 63 and might lock to the “wrong” beam.

	
	SI changes every time an NCR (de)registers.



Method 2: NCR virtual cell creation
 In method 2, the gNB transmits NCR-SSBs using a physical cell-ID different from the PCell’s after registration. They are also sent at different synchronization raster frequencies. This creates a virtual cell and solves some of the problems of method 1. The capacity of method 2 is only limited by the availability of synchronization raster frequencies, and the fields inOneGroup and groupPresence can be set independently. Figure 13 illustrates method 2.
[image: ] [image: ]
[bookmark: _Ref102150120]Figure 13. Illustration of method 2. To the left, gNB only uses SS/PBCH blocks 0 – 7. To the right, an NCR registers to the network, and the gNB sends SS/PBCH blocks 0 – 6 through it using a different physical cell-ID.

On the other hand, method 2 also has some problems. Therefore, we summarize the pros and cons of method 2 in the following table.
Table 4. Pros and cons of method 2.
	Pros
	Cons

	Capacity depends only on the availability of synchronization raster frequencies and physical cell-IDs.
	Less straightforward implementation.

	Fields groupPresence and inOneGroup can be set independently.
	It might create a physical cell-ID depletion problem.

	UEs that “see” both the gNB and the NCR can be assigned to either.
	It requires more overhead. For example, SI might need to be duplicated every time an NCR registers to the network.

	SI of the PCell does not change when a new NCR (de)registers.
	



To sum up, we make the following observation and proposal.
Observation 6.  There is a tradeoff between flexibility and complexity in how the gNB transmits SS/PBCH blocks via NCRs.

Proposal 9.  Study how to allocate SS/PBCH blocks for transmission via NCRs. Study the SS/PBCH index reservation and NCR virtual cell creation methods as a starting point. 



[bookmark: _Hlk47387515]Conclusions
This document considered essential side control information to introduce network-controlled repeaters (NCRs) on top of Rel-17 functionality. We made the following observations and proposals:
Observation 1.  Several NCR candidate architectures are possible. However, each presents different pros and cons regarding hardware cost and scheduling complexity.

Proposal 1.  Study pros and cons of NCR candidate architectures, including at least example NCR architecture 1, with dedicated hardware, and example NCR architecture 2, with shared hardware. Select a reference NCR architecture for further SI and WI discussions.   

Observation 2.  To maintain the gNB-repeater and repeater-UE links simultaneously, the reference NCR architecture may need to be endowed with dedicated hardware, like in example NCR architecture 1.

Observation 3.  It is reasonable to assume that the NCR-MT array and the NCR-RU FH array can form beams in the same directions. In other words, known typeD QCL relations for NCR-MT link signals can be exploited for NCR-RU FH link signals.

Proposal 2.  Study which NCR-MT link signals are eligible as typeD QCL sources of NCR-RU FH link signals and how to exchange QCL information between the two links.

Observation 4.  For the access link, there is no obvious QCL source. Access link spatial properties can be discovered, e.g., by configuring UEs to measure on these beams.

Proposal 3.  Study the procedure to select NCR-RU access beams by the BS. The BS and the NCR may need to negotiate the number and properties of the access beams used for serving UEs. Study whether additional information, such as properties of the available access beams, needs to be exchanged between the NCR and the BS.

Proposal 4.  For discussing side control timing information, assume the following:
· the timings of the NCR-MT and -RU components can be set independently;
· the timing of the NCR-RU components is set with respect to the timing of the NCR-MT component;
· the timing of the NCR-MR component is set with respect to the timing of the BS.

Proposal 5.  The BS can set the timing advance of the NCR-RU to , where  is the timing advance of the NCR-MT, and the term  is used to accommodate transmissions of UEs served by both the BS and the NCR, simultaneously. 

Observation 5.  Since UL/DL TDD configurations may be UE-specific, it seems reasonable that the BS should signal to the NCR-RU the UL/DL TDD configuration that applies to each slot.

Proposal 6.  To configure the UL/DL TDD side control information, use a periodic UL/DL TDD configuration compatible with the cell-specific UL/DL TDD configuration. Then, use asynchronous signaling to override slots according to configured UE-specific UL/DL TDD patterns.

Proposal 7.  For efficient signaling of ON-OFF information, consider
· periodic activity patterns, superimposed to UL/DL TDD patterns, with a granularity of slots or OFDM symbols, to combat periodic interference patterns;
· aperiodic ON/OFF activation/deactivation commands, to address episodic interference situations.

Proposal 8.  For efficient signaling of ON-OFF information, study introducing UL-only, DL-only, or UL/DL activity patterns.

Observation 6. There is a tradeoff between flexibility and complexity in how the gNB transmits SS/PBCH blocks via NCRs.

Proposal 9.  Study how to allocate SS/PBCH blocks for transmission via NCRs. Study the SS/PBCH index reservation and NCR virtual cell creation methods as a starting point. 
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