
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]3GPP TSG RAN WG1 #111		R1-2211211                                      
Toulouse, France, November 14th – 18th, 2022

Source:	CATT
Title:	Discussion on side control information and NCR behavior 
Agenda Item:	9.8.1
Document for:	Discussion and Decision

1 Introduction
The work scope of NR network-controlled repeaters was discussed in RAN#97-e meeting [1], and the objectives for the WI were agreed as the following:
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:

Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.

Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed
Specify the solution of network-controlled repeater management (i.e., the identification and authorization/validation of NCR) [RAN3, RAN2]
· NOTE: Down-selection of solutions in section 8 of TR 38.867 is needed taking into account the feedback of other working groups (i.e., SA3 and SA5). From a security point of view, the feasibility of NCR validation procedure in solution 1 and the feasibility of solution 2 will be decided by SA3.The selected solution shall provide inter-vendor interoperability.

Study the RRM functions to be supported and specify the RRM requirements of NCR-MT if necessary [RAN2, RAN4]
Study and specify the RF and EMC requirements of NCR if necessary [RAN4]
Note: The existing requirements defined in RAN4 can be reused if applicable.
Note: The work in RAN4 for beam related is expected to start on FR2 first.


In this document, we review some typical side control information (SCI) and the NCR behavior.
2 Discussion
2.1 Beamforming information
2.1.1 Beamforming information for access link
	Agreement (RAN1#109e)
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behavior of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion
[bookmark: OLE_LINK29][bookmark: OLE_LINK32]Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd
[bookmark: OLE_LINK110][bookmark: OLE_LINK111]Agreement (RAN1#110)
Both dynamic beam indication and semi-static beam indication are recommended for access link. 
· Note: the semi-static beam indication includes the semi-persistent indication
Beam index is used to indicate an access link beam (Option 1)
The time domain resource corresponding to an access link beam can be determined with following options:
· Option 1: Explicit determination based on the explicitly indicated the time domain resources per beam indication
Note 1: Different parameters may be indicated for semi-static or dynamic beam indication
Note 2: One or multiple beams can be indicated via single beam indication.
[bookmark: OLE_LINK50][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam.
Agreement (RAN1#110-bis)
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) 
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
Confirm the WA that in access link, a DL beam and a UL beam which are correspondent with each other have the same beam indexes.
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)


1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]
2 
2.1 
2.1.1 
2.1.1.1 Beam characteristic
According to the agreement in RAN1#110-bis, 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
· Spatial relationship between different beams
For number of beams supported for access link, the overhead of SCI and the performance of coverage should be traded off. 
Considering the signalling overhead, the maximum number of beams should be restricted. This issue can be analysed by comparing the performance of FR1 and FR2. For FR1 (around 6GHz), one broadcast beam is enough for the NR network-controlled repeaters, so the beaming information is not needed. For FR2 (above 24GHz~52.6GHz), propagation conditions which degrade fast compared with lower frequencies exacerbate the coverage challenges, so the NR network-controlled repeaters should be able to be configured with several narrow beams. Additional beamforming gain can be obtained, if the repeaters could utilize the narrow beam targeting specific UEs. Hence, beamforming information in the SCI is necessary for FR2. Considering the overhead of SCI, the maximum number of beams should be restricted. Because the degradation of propagation conditions is about 6~9dB, the maximum number of beam should be up to 4~8.
Two types as wide beam and narrow beam type are defined by beam width. They can also be more clearly defined from the purpose of the beam as broadcast and UE-specific beam type. The broadcast beam is used by broadcast transmission (e.g., SIB, SSB, CORESET#0, Paging and RO for Msg1 transmission) and the UE-specific beam is used by UE-specific transmission (e.g., CSI-RS, PDSCH, SRS and PUSCH). In the same coverage area, the number of UE-specific (narrow) beams should generally be more than the number of broadcast (wide) beams. Therefore, it is recommended that the maximum number of broadcast (wide) beams is 4 and the maximum number of UE-specific (narrow) beams is 8.
Proposal 1 Beam type can be defined by the purpose of the beam as the following two types:
· Broadcast beam (wide)
· UE-specific beam (narrow)
Proposal 2 Considering the trade-off of performance and overhead of indication, the maximum number of broadcast (wide) beams is 4 and the maximum number of UE-specific (narrow) beams is 8. 
For spatial relationship between different beams, different companies have different views. The following characteristics may be included:
· Beam types
· Beam direction defined by the boresight of beam
· Coverage area for each beam type
For gNB, the necessary information from NCR is the corresponding relationship between different types of beam, which is used to decide how to indicate the beam ID. There are two types of coverage scheme: uniform coverage and special coverage. First, introduce the coverage schemes, and then analyse how to report the corresponding relationship between different types of beam in different schemes.


[bookmark: _Ref118129974]Figure 1: Different types of coverage scheme
1. Uniform coverage
Uniform coverage means that the width of same type of beam is same, and the direction of the beam centre angle is evenly distributed in the coverage area. For uniform coverage schemes, the necessary characteristics for spatial relationship between different beams include:
· Beam types 
· Number of beams of each type 
For Figure 1(a), the beam characteristic is as follow:
[bookmark: _Ref118474846]Table 1: The beam characteristic of uniform coverage
	Beam characteristic
	Number of broadcast (wide)
	UE-specific (narrow)

	Number of each type(all)
	2
	4


So the corresponding relationship between different types of beam can be calculated by gNB that:
· 1 broadcast (wide) beam corresponds 2 (4/2=2) UE-specific (narrow) beams.
2. Special coverage
Special coverage means that the width of same type of beam can be different, and the direction of the beam centre angle is special for each beam. For special coverage schemes, the necessary characteristics for spatial relationship between different beams include:
· Beam types 
· Number of beams of each type
· Corresponding relationship between different types of beam
The NCR directly obtains the beam direction from the beam information. For Figure 1(b), the beam characteristic is as follow:
[bookmark: _Ref118474526]Table 2: The beam characteristic of special coverage
	Beam characteristic
	Number of broadcast (wide)
	UE-specific (narrow)

	Number of each type(all)
	3
	7

	Number of each type (Corresponding relationship0)
	2
	4

	Number of each type (Corresponding relationship1)
	1
	3


In Table 2, the information in the 1st row is for comparison with Table 1, which can be calculated from the 2nd and 3rd rows and does not need to report. So the corresponding relationship between different types of beam can be calculated by gNB that:
· For Corresponding relationship0, 1 broadcast (wide) beam corresponds 2 (4/2=2) UE-specific (narrow) beams. There are 2 broadcast (wide) beams belonging to Corresponding relationship0. 
· For Corresponding relationship1, 1 broadcast (wide) beam corresponds 3 (3/1=3) UE-specific (narrow) beams. There are 1 broadcast (wide) beams belonging to Corresponding relationship1.
[bookmark: _GoBack]Comparing the two schemes, the uniform coverage scheme requires less SCI overhead and the special coverage scheme may obtain better coverage performance. If the uniform coverage scheme can meet the coverage performance requirement, the special scheme does not need to be used. Regardless of the coverage scheme, gNB only needs to obtain the corresponding relationship between different types of beam to decide how to indicate the beam ID. Beam direction and coverage area can also be used as a method to report this information, but considering the signalling overhead, it is not a recommended method. 
Proposal 3 Spatial relationship between different beams is used to report the corresponding relationship between different types of beam.
Proposal 4 Considering the signalling overhead, the characteristics for spatial relationship between different beams at least included:
· Beam types 
· Number of beams of each type 
2.1.1.2 Semi-static and dynamic indication
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK23][bookmark: OLE_LINK24]For broadcast signals/channels, e.g., SIB, SSB, CORESET#0, Paging, RO for Msg1 transmission, they are transmitted periodically in basically fixed direction, and the gain provided by the wide beam could meet their performance requirements, so the semi-static beamforming information is more suitable. 
[bookmark: OLE_LINK49][bookmark: OLE_LINK52]For UE specific signals/channels, e.g., PDCCH, PDSCH, PUCCH, PUSCH or UE-specific reference signals for channel quality or interference measurements, they are transmitted in specific directions and only the gain provided by the narrow beam could meet their performance requirements, so the dynamic beamforming information is more suitable. In addition, to reduce the dynamic signalling indication, for UE specific signals/channels, a semi-static indicated default beam can be beneficial. The scenarios of semi-static and dynamic indication are shown in Figure 2.


[bookmark: _Ref111040031][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74]Figure 2: The scenarios of semi-static and dynamic beam indication
Proposal 5 [bookmark: OLE_LINK30][bookmark: OLE_LINK31]For beam information of access link, semi-static configuration is indicated in the following scenarios
· Semi-static configuration is indicated at least for broadcast transmission (e.g. SIB, SSB, CORESET#0, Paging, RO for Msg1 transmission);
· Semi-static configuration is optional for UE specific transmission (default beam);
[bookmark: OLE_LINK88][bookmark: OLE_LINK95][bookmark: OLE_LINK96]Considering the SCI overhead, the granularity of the dynamic indication may not be symbol-level. When both dynamic indications and semi-static configurations are used for same time domain information indication and the two configurations may be inconsistent, conflict resolution rules are needed. The case is illustrated in Figure 3 that the semi-static configuration is symbol-level and the dynamic indication is slot-level.
The following could be used as conflict resolution rules in this case:
· For broadcast transmission, dynamic indication cannot override the semi-static configuration.
· For UE specific transmission, dynamic indication can override the semi-static configuration.



[bookmark: _Ref118386189]Figure 3: Dynamic indications and semi-static configuration conflict resolution
Proposal 6 The following two conflict resolution rules can be used when there is a conflict between semi-static configuration and dynamic indication: 
· For broadcast transmission, dynamic indication cannot override the semi-static configuration.
· For UE specific transmission, dynamic indication can override the semi-static configuration.
2.1.1.3 Beam indication scheme
Because NCR only forwards analog signal, it cannot and does not need to know what signal or channel is transmitted for a specific duration. So the beam indication can only include:
· Beam ID 
· Corresponding time domain resource. 
1. Beam ID indication
[bookmark: OLE_LINK51]In RAN1#110bis, there are three options to define the association between beam index and real beam supported by NCR-Fwd for access link: 
	Option-1: All beams are indexed sequentially 
	Option-2: Beams are independently indexed per beam types 
	Option-3: Beams are hierarchically indexed for different beam types
If the beam type defined by the beam width is included in the beam characteristics, Option-3 can reduce the SCI overhead. An example for comparison of the three options is shown in Figure 4. For Option-3, the wide beam ID can be semi-static configuration and the narrow beam ID can be dynamic indication. The physical wide beam can be selected through the wide beam ID. The physical narrow beam can be selected through the wide beam ID and the narrow beam ID.

[bookmark: _Ref118151338]Figure 4: The comparison of the three options
If the beam type defined by the beam width is not included in the beam characteristics, only Option-1 can be used for beam index.
Proposal 7 Option-1(all beams indexed sequentially) is used if the beam type is not included in the beam characteristics, and Option-3(beams hierarchically indexed for different beam types) is used if the beam type is included in the beam characteristics.
2. Time domain information indication
[bookmark: OLE_LINK97][bookmark: OLE_LINK63][bookmark: OLE_LINK64]There are two possible schemes for the multiple beams in one indication of time domain information. Considering the trade-off of performance and overhead of indication, option 1 can be used for semi-static configuration and option 2 can be used for dynamic indication. Dynamic beam indication by L1 indicated can be used for UE specific transmission.
· Option 1 (Figure 5): Bitmap indication
· Each symbol is mapped a beam indication.
· Duration is one or more slots.
· Benefit of this option is flexible beam indication. 
· The disadvantage of this option is high overhead (e.g., 28*2 =56 bit for 28 symbols, the maximum number of beam is 4).


[bookmark: _Ref111041377]Figure 5: Bitmap indication
· Option 2 (Figure 6): Flexible segmentation for a special time duration
· The maximum number of segments M (e.g., M=3, M=4) and duration of segment indication (e.g., 14 symbols, 28 symbols) are configured by RRC.
· The number of segment (1~M) can be flexibly indicated from by DCI.
· Duration of each segment is indicated by DCI.
· Each segment is mapped to a beam indication;
· Benefit of this option is low overhead and flexible segment size indication. 


[bookmark: _Ref111041432]Figure 6: flexible segmentation for a special time duration
For option 2, there are two methods to define the duration of each segment and the index of beam: TDRA indication and segment (different beam) boundary indication.
TDRA indication is shown in Table 3 :
[bookmark: _Ref118154239]Table 3: The table of TDRA for flexible segmentation
	index
	Segment-1
	Segment-2
	Segment-3
	Note

	0
	S=0,L=2
beam ID =0
	S=2,L=5
beam ID =2
	S=7,L=7
beam ID =3
	Three continuous segments

	1
	S=0,L=2
beam ID =0
	S=2,L=12
beam ID =2
	
	Two continuous segments

	2
	S=0,L=14
beam ID =3
	
	
	One segment

	3
	S=0,L=4
beam ID =1
	S=7,L=4
beam ID =2
	
	Two discontinuous segments


Segment (different beam) boundary indication is shown in Table 4. W is the duration of segment indication.
[bookmark: _Ref118154892]Table 4: The table of segment (different beam) boundary indication (M=2)
	information
	Length of bits
	Note

	Segment boundary indication
	
	Indicate a position P in length W, before P is the first time segment, after P is the second time segment

	Beam ID-1
	beam_bits
	The beam index for the first time segment

	Beam ID-2
	beam_bits
	The beam index for the second time segment


Compared with TDRA indication, segment (different beam) boundary indication is lower overhead and more flexible, which is prefer to be used for Option 2.
Proposal 8 [bookmark: OLE_LINK98][bookmark: OLE_LINK101]For the multiple beams in one indication, Option 1(bitmap) can be used for semi-static configuration and Option 2(Flexible segmentation) can be used for dynamic indication. Dynamic beam indication by L1 signalling can be used for UE specific transmission.
Proposal 9 For option 2(Flexible segmentation) of the multiple beams in one indication, segment (different beam) boundary indication is preferred to be used for SCI.
Another issue is discussed that if the forwarded signal has a different SCS, a scaling factor can be used to determine the symbol or slot length in NCR’s forwarding operation. But for the NCR, it is not necessary to know the SCS of the forwarded signal. NCR can use the SCS of the C-link to decide the starting time, duration, and periodicity. The index transformation is performed by the implementation of gNB.
Proposal 10 NCR can use the SCS of the C-link to decide the starting time, duration, and periodicity.
2.1.2 Beamforming information for control link and backhaul link
	Agreement (RAN1#109e)
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the cases that beam at NCR for both C-link and backhaul-link cannot be changed.
Capture the following assumption of network-controlled repeater in TR 38.867.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd operating in same carrier). 
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· [bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK83][bookmark: OLE_LINK84]FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.
Agreement (RAN1#110)
[bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK117][bookmark: OLE_LINK118]In case that adaptive beams are adopted for C-link and backhaul link, the following mechanisms can be considered for the indication and determination of beams of backhaul link:
· Option 1: The beam of backhaul link is indicated by a new signaling.
· The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link
· This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C link.
· Other predefined rules are not precluded
Agreement (RAN1#110-bis)
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
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


[bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK134][bookmark: OLE_LINK9][bookmark: OLE_LINK15]According to the agreement in RAN1#110-bis, simultaneous UL transmission of C-link and backhaul link should be NCR’s capability.
[bookmark: OLE_LINK105][bookmark: OLE_LINK106]For C-link and backhaul link performed in simultaneous way, the interference between UL of C-link and UL of backhaul link generally comes from the energy leakage of the different filters. The farther the two bands are from each other, the less energy leakage affects them. So the intensity of interference depends on the frequency gap between C-link and backhaul link. Because different NCRs use different filters, they have different minimum frequency gap between C-link and backhaul link for simultaneous transmission (anti-interference abilities). 
[bookmark: OLE_LINK107][bookmark: OLE_LINK108]If the gNB knows NCR’s minimum frequency gap for simultaneous transmission, it can schedule frequency resources of C-link and F-link to satisfy the gap requirement to make sure no interference affect each other. The minimum frequency gap between C-link and backhaul link can be used to report as the NCR’s simultaneous UL transmission capability. NCR can also dynamically switch between simultaneously and TDM transmission. The details of the signaling and rules for dynamic switching need to be discussed.
Proposal 11 The minimum frequency gap between C-link and backhaul link is required to ensure no interference for each other when they transmit simultaneously
Proposal 12 The required minimum frequency gap depends on NCR’s simultaneous UL transmission capability, which needs to be reported to gNB. 
Proposal 13 Advanced capability NCR can also dynamically switch between simultaneous and TDM transmission. The details of the signaling and rules for dynamic switching need to be discussed
For C-link and backhaul link performed in TDM way, the switch time between C-link and backhaul link needs to be considered. The length of switch time need to be discussed in RAN4, and it can be reserved between C-link and backhaul link if they transmit continuously.
For C-link and backhaul link performed simultaneously, the max power of C-link needs to be indicated by the gNB. The max power of C-link should be smaller than the max power of NCR. Otherwise, the total power of C-link and backhaul link will exceed the total power of NCR. The gNB configures the relative value of C-link power and total power of NCR.
Proposal 14 For C-link and backhaul link performed in TDM transmission, the switching time between C-link and backhaul link needs to be considered. For C-link and backhaul link performed simultaneously, the max power of C-link needs to be indicated by the gNB.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]In RAN1#110-bis, two options for the indication and determination of beams of backhaul link are accepted for the case that adaptive beams are adopted for C-link and backhaul link. 
· Option 1: The beam of backhaul link is indicated by a new signaling.
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
[bookmark: OLE_LINK130][bookmark: OLE_LINK131]To compare these two options, the feasibility of different methods will be analysed according to the scenario as below, which is shown in Figure 7.
Case 1: C-link and backhaul link transmit simultaneously. The beam of C-link is the suitable one according to determination of beam management.
Case 2: C-link transmission is end, and the backhaul link will start transmission for a while, during which the channel scenario has not changed. The beam of C-link is still the suitable one according to determination of beam management.
Case 3: C-link does not transmit for a long time, during which the channel scenario has changed. The beam of C-link is no longer the suitable one according to determination of beam management.
For Case 1, the beam of backhaul link is same as that of the C-link, which is described in Option 2.For Case 2, the beam of backhaul link is same as that of the C-link, which is described in Option 2.For Case 3, the beam of backhaul link needs to be indicated by a new signalling, which is described in Option 1.
In addition, the valid time of the beam information needs to be configured or indicated, which is used to distinguish Case 2 and Case 3. If the valid time is not exceeded, NCR implicit determines the beam of backhaul link which is same as that of C-link (Case 2). If the valid time is exceeded, NCR expects additional indication from gNB to determine the beam of backhaul link (Case 3).


[bookmark: _Ref114930397]Figure 7: The beam switching time adjustment of backhaul link
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]For backhaul link, if the beam switching time is the start time of C-link transmission, it may not be aligned with slot boundary, as is shown in Figure 8. For slot m, F-link uses different beam information on different symbols of the same forwarding channel or signal. This will lead to the failure of data detection or inaccurate measurement results for the UE receiving slot m. Therefore there is a need to ensure that the beam switching time of backhaul link is aligned with slot boundary.


[bookmark: _Ref111042242]Figure 8: The beam switching time adjustment of backhaul link
Proposal 15 The valid duration of the beam information for Option 2(pre-defined rule) needs to be configured or indicated. Option 2(pre-defined rule) is used inside the valid duration and Option 1(new signaling) is used outside the valid duration.
Proposal 16 The beam switching time of backhaul link should be aligned with slot boundary.
2.2 TDD UL/DL configuration
	[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Agreement (RAN1#109e)
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.
Agreement (RAN1#110)
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
· Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB 
· Note: It means that no new side control signalling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd.
Agreement (RAN1#110-bis)
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.
· 


[bookmark: OLE_LINK91][bookmark: OLE_LINK92]UL-DL TDD configuration is important information for NR network-controlled repeaters. It can be derived in a similar way used by legacy UEs. An issue is how to deal with flexible symbols. In RAN1#110-bis, it is agreed that 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.
To simplify NCR operation, dynamic DL/UL operation is not supported by NCR-Fwd. But flexible symbols can be used for transmission or reception of SCI on NCR-MT following legacy rules.
To reduce interference, gNB could also redefine some downlink/uplink symbols as flexible symbols. These symbols will also be muted which is shown in Figure 9.


[bookmark: _Ref111042260]Figure 9: Redefine some downlink/uplink symbols as flexible symbols
Proposal 17 The flexible symbols may not be used for signal amplify-and-forward operation, but these symbols can be used for transmission or reception of SCI on C-link.
2.3 Timing information
	Agreement (RAN1#109e)
For the timing of NCR, the following assumption is considered as baseline:
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd
Agreement (RAN1#110)
For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay. 
Update the agreement achieved in RAN1#109e as follows:
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be is unnecessary.
· FFS: the impact of internal delay


The NR network-controlled repeater needs timing information to determine the time boundary for transmission/reception. The timing information could be derived in the same way as legacy UEs. 
For downlink, NCR can determine OFDM symbol boundary by detecting PSS and SSS, and read the SFN information from MIB by detecting PBCH to derive the boundary of sub-frame information. For amplify-and-forward operation, coarse timing synchronization seems sufficient. RAN1 can further study whether finer synchronization is required for SCI transmission and reception. 
For uplink, NCR can obtain the TA from RACH process. After TA adjustment, the uplink timing synchronization error can be within the length of CP. For amplify-and-forward operation, this seems sufficient too. 
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK48]Generally speaking, the impact of internal delay is nanosecond level. Considering the size of TA (e.g., SCS=120 kHz, 65ns), the size of internal delay is tiny. The impact of internal delay has existed in RF repeaters and no significant effect was observed. Even if the internal delay is reported to gNB, the gNB doesn't seem to be able to handle it. So it is not necessary to report the internal delay of NCR to gNB and the standardization effort for DL and UL timing information of NCR can be minimized.
Proposal 18 It is not necessary to report the internal delay of NCR to gNB.
2.4 ON-OFF information
	Agreement (RAN1#109e)
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.
Agreement (RAN1#110)
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.
· Note-1: This applies to the case regardless of the RRC state of NCR-MT.
· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
The above is not meant to imply any signalling design for NCR-Fwd ON-OFF.
Agreement (RAN1#110-bis)
Conclusion
An NCR is not expected to perform forwarding in “OFF” state.
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 ON-OFF information is beneficial for gNB to flexibly control the NR network-controlled repeaters. Generally speaking, only part of time/frequency resources are occupied by the UEs connected to one repeater. There are many blank physical resources which could be power-off for the repeater. Efficient interference management and improved energy efficiency are expected via power on/off. At least for outdoor scenarios, the benefits of ON-OFF information are very clear. In our view, power ON-OFF operation is only for Forward-link (F-link), while the Control-link (C-link) is not affected and should perform as regular UE. Procedures such as DRX configuration can be used to reduce C-link power consumption.
Proposal 19 The ON-OFF indication only applies to the F-link (both access link and backhaul link) and has no effect on C-link transmission/reception.
There are two possible alternatives that the ON-OFF information could be transmitted：
· RRC/MAC-CE configuration (semi-static)
· Side control information (dynamic)
The configuration of ON-OFF information usually depends on the statistics of the network, so semi-static configuration for ON-OFF information can be supported by the RRC/MAC-CE configuration (e.g., periodic bitmap). Some forwarding of broadcast and cell-specific signals/channels can be turn off, if it will not affect the UE belong to this NCR.
Furthermore, considering that both dynamic and semi-static ON-OFF configurations exist and the two configurations may be inconsistent, how to resolve conflict is an issue to be discussed. One solution is to determine whether dynamic ON-OFF indication can override semi-static configuration by indicating priority in SCI.
Proposal 20 Forwarding of broadcast and cell-specific signals/channels can be turned off, as long as this will not affect the UE belong to this NCR.
Proposal 21 Considering that both dynamic and semi-static ON-OFF configurations exist and the two configurations are inconsistent, how to resolve conflict is an issue to be discussed.
According to the agreement in RAN1#110-bis, 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
· 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)
Alt-1 is more flexible. Alt-2 and Alt-3 needs to consider whether they can cover all the scenarios requiring ON-OFF information. Both Alt-2 and Alt-3 will indicate only when scheduling data exists. 
In addition, if the broadcast channel can be controlled by the ON-OFF information, only Alt-1 can be used for initial access.
Therefore, explicit indication via a new signal is preferred. Furthermore, considering that both dynamic and semi-static ON-OFF configurations exist and the two configurations are inconsistent, how to resolve conflict is an issue to be discussed.
Proposal 22 Explicit indication via a new signal is preferred for ON-OFF indication.  
3 Conclusion
Proposal 1: Beam type can be defined by the purpose of the beam as the following two types:
· Broadcast beam (wide)Semi-static configuration is optional for UE specific transmission (default beam);
· UE-specific beam (narrow)
Proposal 2: Considering the trade-off of performance and overhead of indication, the maximum number of broadcast (wide) beams is 4 and the maximum number of UE-specific (narrow) beams is 8.
Proposal 3: Spatial relationship between different beams is used to report the corresponding relationship between different types of beam.
Proposal 4: Considering the signalling overhead, the characteristics for spatial relationship between different beams at least included:
· Beam types
· Number of beams of each type
Proposal 5: For beam information of access link, semi-static configuration is indicated in the following scenarios
· Semi-static configuration is indicated at least for broadcast transmission (e.g. SIB, SSB, CORESET#0, Paging, RO for Msg1 transmission);
· Semi-static configuration is optional for UE specific transmission (default beam);
Proposal 6: The following two conflict resolution rules can be used when there is a conflict between semi-static configuration and dynamic indication: 
· For broadcast transmission, dynamic indication cannot override the semi-static configuration.
· For UE specific transmission, dynamic indication can override the semi-static configuration.
Proposal 7: Option-1(all beams indexed sequentially) is used if the beam type is not included in the beam characteristics, and Option-3(beams hierarchically indexed for different beam types) is used if the beam type is included in the beam characteristics.
Proposal 8: For the multiple beams in one indication, Option 1(bitmap) can be used for semi-static configuration and Option 2(Flexible segmentation) can be used for dynamic indication. Dynamic beam indication by L1 signalling can be used for UE specific transmission.
Proposal 9: For option 2(Flexible segmentation) of the multiple beams in one indication, segment (different beam) boundary indication is preferred to be used for SCI.
Proposal 10: NCR can use the SCS of the C-link to decide the starting time, duration, and periodicity.
Proposal 11: The minimum frequency gap between C-link and backhaul link is required to ensure no interference for each other when they transmit simultaneously
Proposal 12: The required minimum frequency gap depends on NCR’s simultaneous UL transmission capability, which needs to be reported to gNB. 
Proposal 13: Advanced capability NCR can also dynamically switch between simultaneous and TDM transmission. The details of the signaling and rules for dynamic switching need to be discussed.
Proposal 14: For C-link and backhaul link performed in TDM transmission, the switching time between C-link and backhaul link needs to be considered. For C-link and backhaul link performed simultaneously, the max power of C-link needs to be indicated by the gNB.
Proposal 15: The valid duration of the beam information for Option 2(pre-defined rule) needs to be configured or indicated. Option 2(pre-defined rule) is used inside the valid duration and Option 1(new signaling) is used outside the valid duration.
Proposal 16: The beam switching time of backhaul link should be aligned with slot boundary.
Proposal 17: The flexible symbols may not be used for signal amplify-and-forward operation, but these symbols can be used for transmission or reception of SCI on C-link. 
Proposal 18: It is not necessary to report the internal delay of NCR to gNB.
Proposal 19: The ON-OFF indication only applies to the F-link (both access link and backhaul link) and has no effect on C-link transmission/reception.
Proposal 20: Forwarding of broadcast and cell-specific signals/channels can be turned off, as long as this will not affect the UE belong to this NCR.
Proposal 21: Considering that both dynamic and semi-static ON-OFF configurations exist and the two configurations are inconsistent, how to resolve conflict is an issue to be discussed.
Proposal 22: Explicit indication via a new signal is preferred for ON-OFF indication.
4 Reference
[bookmark: _Ref53495779][bookmark: _Ref61430809]RP-222673, “New WID on NR network-controlled repeaters”, ZTE
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