3GPP TSG RAN WG1 Meeting #110	                                                      R1-2207345
Toulouse, France, August 22nd – 26th, 2022

Agenda Item:	9.8.1
Source:	Apple Inc.
Title:	Discussion on side control information for NR network-controlled repeaters 
Document for:	Discussion/Decision
Introduction
[bookmark: _Hlk58595024]In SID, following objectives and scenarios/assumptions have been listed for NR network-controlled repeaters in Rel-18 [1]:
The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled 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.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.

Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information
· Timing information to align transmission / reception boundaries of network-controlled repeater
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency
· 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 network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]
NOTE2: Coordination with SA3 may be needed.
In RAN1#109-e, several agreements have been made for the required side control information for network-controlled repeaters (NCR) including beam information, timing information, TDD UL/DL configuration, ON-OFF information, and power control information [2]. In this contribution, we further discuss additional details pertaining to each of the side control information. 
Discussion
Beam information
In RAN1#109-e, following agreements have been made on beam information for NCR:

Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour 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
Agreement
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 case that beam at NCR for both C-link and backhaul-link cannot be changed.
Agreement
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
Agreement:
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.
· 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:
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd
Agreement
In the access link beam indication, an access link beam can be indicated by:
· Option 1: A beam index
· FFS: How to indicate the corresponding time domain resource of the beam.
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 
· FFS: How to indicate the corresponding time domain resource of the beam.
· FFS: The definition of the association between the source RS and the beam.
· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.
RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110



Beam information for control/backhaul links 

Beam information for NCR has been discussed for both the control/backhaul links between gNB and NCR and for the access link between NCR and UE(s). For both the backhaul and control links between gNB and NCR, the baseline consideration is that same large-scale channel properties apply for both the links i.e., same QCL type-A and type-D can be assumed for both links. Therefore, same beam can be considered between gNB and NCR for both control and backhaul links. In terms of beam indication, fixed beam should be considered as the baseline because both the nodes are static. For fixed beam determination, two options can be considered. In one option, the fixed beam can be determined based on implementation and hard-coded (for example during deployment phase). In other option, beam determination can be based on beam management procedure, as for UE. During the initial access procedure, beam acquisition is done based on SSBs and further beam refinement can be done based on CSI-RS. Once the fixed beam is determined for the control/backhaul link, then no further monitoring and/or update of beam should be performed at the NCR, for example, procedures such as beam failure detection and beam failure recovery can be avoided. 

Proposal 1: For both the control and backhaul links between gNB and NCR, same fixed beam should be considered as the baseline

Proposal 2: For fixed beam at the NCR, for both the control and backhaul links, two options can be considered:
· Option 1: Fixed beam is hard coded for both backhaul and control links
· Implementation-based option and no specification support expected for beam determination/configuration/indication at the NCR
· Option 2: Fixed beam determination based on SSB and/or CSI-RS
· No support for further beam configuration/indication/update (also no support for beam failure detection/recovery procedure at NCR)

In RAN1#109-e, adaptive beam indication has also been discussed for control/backhaul links for some scenarios where the dynamic scatters may affect the beam used for control/backhaul link. In our view, the impact of such dynamic scatterers may be very limited and only instantaneous. However, adaptive beam indication for control/backhaul links may be considered if it can be justified that the NCR performance may reasonably improve with adaptive beam in comparison to fixed beam. 

Proposal 3: For beam information at the NCR, for both the control and backhaul links, adaptive beam indication may be considered if it can be justified that the NCR performance improves considerably with adaptive beam in comparison to fixed beam


Beam information for access link 

To serve UEs via NCR, it is important that the beam information for the access link is supported, as recommended in RAN1#109-e. Based on the discussions, both semi-static and dynamic beam indication should be considered for the access link. In our companion contribution, we further discuss signaling aspects for beam information [3].  In this contribution, we focus on how exactly the beam information for access link can be supported at the NCR and without impacting the UEs i.e., NCR should be transparent to the UEs. For UEs in NR, there are multiple aspects related to beam-management procedure including beam acquisition based on downlink signals such as SSB, beam refinement based on downlink RS such as CSI-RS and beam quality monitoring based on downlink channels/signals. For NCR to communicate with UEs via access link in a transparent manner, all these aspects should be supported at NCR-Fwd for the access link.   
Proposal 4: For the NCR to serve UE(s) via the access link in a transparent manner, network should provide the NCR with beam information to support all the aspects of beam management including beam acquisition, beam refinement and beam monitoring, as typically supported by UEs

For supporting beam acquisition (for example, during the initial access and RACH procedure) and SSB-based beam measurements, it is essential that the NCR can be configured to forward SSB beams to UE(s) for extending the network coverage. From NCR perspective, it is not necessary to know whether it is forwarding SSB or some other DL channels/signals, but it should at least be configured with a beam to forward an SSB, the starting time to apply the indicated beam and duration for which the NCR is required to forward on the indicated beam. Considering that SSB beams are periodically configured to the UEs, therefore, the beam information corresponding to SSB forwarding can also be configured in a periodic manner to the NCR. For beam indication, two options have been discussed in RAN1#109-e including source RS based indication (TCI-like framework) and logical beam ID indication. In our view, both the options are fundamentally same, as the intention is to provide a reference for forwarding DL channel/signal to the UE. In option 1, the reference is in terms of source RS ID, while in option 2, the reference is in terms of the logical beam ID. The two options are illustrated in Figure 1 and Figure 2, respectively. In Figure 1, with option 1, network transmits 3 SSBs to the NCR via the backhaul link. The 3 SSBs are transmitted in TDM manner using the same fixed beam between gNB and NCR. Corresponding to each of the 3 SSBs, NCR is configured to forward the 3 SSB beams in TDM manner on SSB beam index N, SSB beam index N+1 and SSB beam index N+2. These beam indices correspond to the actual SSB beam indices used for network and therefore no new indices are configured/indicated. The actual physical beams corresponding to beam index N, beam index N+1 and beam index N+2, respectively, are up to the NCR implementation. In Figure 2, with option 2, the only different is in terms of beam index configuration to the NCR. Basically, corresponding to the 3 SSB beams, NCR is configured by network with beam ID 1, beam ID 2, beam ID 3, respectively. Like option 1, the actual physical beams corresponding to beam ID 1, beam ID 2 and beam ID 3, respectively, are up to the NCR implementation. Considering that both options are almost same, we think that the specification effort is less with source RS indication option for beam information as it can reuse the existing TCI based framework. Based on option 1, NCR can be configured with TCI states for forwarding other downlink channels and signals, where the TCI state will correspond to source RS ID (such as SSB beam index N+1) and QCL type-D for beam information. Based on indication of the TCI state, NCR can apply the same beam as used for transmitting the source RS. This framework will allow to support the existing beam management procedure including all the aspects without any major specification impacts.

[image: ]

Figure 1: Illustration of Option 1 for beam indication: Source RS based indication
[image: ]

Figure 2: Illustration of Option 2 for beam indication: Logical Beam ID


Proposal 5: For the NCR to serve UE(s) via the access link in a transparent manner, network should configure the NCR to beam sweep SSBs on a sub-set of SSB beam indices 
· Same index as SSB beams can be assigned for sweeping at the NCR via access link

Proposal 6: For the NCR to serve UE(s) via the access link in a transparent manner, source RS based indication (TCI-like framework) can be supported:
· TCI states can be configured to NCR where a TCI state indicates a source RS ID and QCL assumption type (for example type-D for beam information)
· At least SSB and CSI-RS can be configured as source RS for beam information at the NCR for forwarding downlink to UEs and receiving uplink from UEs via access link

Another aspect that can be considered for beam-management at the NCR for forwarding or receiving via access link is the network control on physical directivity of the beams. Based on the options discussed, only logical IDs are configured and indicated to UE, but the physical beam direction is completely up to the NCR implementation. This may not be optimal from coverage point of view especially during the initial access procedure because NCR, unlike gNB, will have no information or statistics about regions where UE concentration might be high and SSB beams should be beam sweeped in those regions. From this point of view, it could be beneficial if network can provide some information to NCR in terms of area/region where the NCR can direct its beams. Network doesn’t necessarily need to control the exact directivity of the individual beams but configuring/indicating a wide region could be useful. Within the configured/indicated region, NCR can then direct its beam based on implementation. 

Proposal 7: RAN1 can consider additional information such as intended coverage region for supporting beam configuration/indication at the NCR access link, for example, NCR can be configured with SSB beam sweeping within an intended coverage region
· Directivity of individual beams would still be up to NCR implementation based on TCI indication

Timing information
In RAN1#109-e, following agreements have been made related to timing information for NCR:

Agreement
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

In Figure 3, we illustrate the UL and DL timing boundaries at gNB, NCR and UE by considering internal delay between receiving and forwarding at NCR-Fwd. 

[image: ]

Figure 3: Illustration of UL/DL timing at NCR with internal delay

Based on the illustration in Figure 3, the impact of internal delay, also referred to as group delay (GD), is implicitly considered for determining the timing advance value for the UE. In fact, from gNB perspective, internal delay can simply be attributed as additional propagation delay. Therefore, no additional information related to internal delay at the NCR-Fwd is needed at the gNB and the UL/DL timing can be determined according to legacy procedure. For NCR, the only issue is exactly when the NCR-Fwd should start receiving the uplink from a UE. In comparison to the determined UL boundary (considering TA applied at the NCR), NCR-Fwd would need to start receiving the uplink earlier than the determined UL boundary because of the internal delay. However, since NCR is aware about its own capability in terms of internal delay, therefore, it can be assumed that NCR can simply handle this by implementation, if guard period duration is sufficient to contain the TA2 value in the Figure (timing advance applied at UE). It doesn’t need some additional configuration/indication from gNB to further shift the UL boundary for reception from the UE. Depending on the architecture of NCR, it can be further discussed if relatively larger values of internal delay would need to be supported.

Proposal 8: For UL/DL timing at the NCR, no additional impact needs to be considered due to potential internal delay between reception and forwarding at NCR (assuming guard period duration is longer than the total timing advance value at the UE)
· Potential time difference due to internal delay for forwarding can be handled by implementation at the NCR

UL/DL TDD information
In RAN1#109-e, following agreements have been made related to UL/DL TDD information for NCR:

Agreement
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.
In our view, for practical deployments, semi-static common UL/DL TDD configuration should be sufficient for NCR to support forwarding of downlink to UE and uplink to gNB. Based on the TDD configuration, NCR should expect to be configured only with downlink forwarding on DL slots/symbols, uplink forwarding on UL slots/symbols and no forwarding on flexible symbols. Further handling of flexible symbols is not necessary considering very limited practical applicability. 

Proposal 9: For semi-static UL/DL TDD configuration for NCR, additional handling of flexible symbols should be deprioritized considering limited practical applicability
· NCR should not expect to be configured with either DL or UL forwarding on flexible symbols

ON-OFF information
In RAN1#109-e, following agreements have been made related to ON-OFF information for NCR:

Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information
Agreement:
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static 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.

Explicit ON-OFF 

In both LTE and NR, a DRX mode has been specified to reduce UE battery power consumption. The basic principle of C-DRX is that when there is no DL/UL transmission scheduled during in a certain time duration of inactivity timer, UE enters a DRX mode, and wakes up only periodically to monitor PDCCH. In Rel-16, the C-DRX operation was further enhanced to allow UE skipping the entire DRX cycle(s) based on the detected WUS.  
In order not to interfere with other nodes more than necessarily and reduce power, NCR should preferably not transmit more than needed for the terminals that it serves. One way of achieving this would be to extend DRX operation for NCR. In addition, similar as Rel-16 PDCCH-based power adaptation, a WUS signal can be used to dynamically ON-OFF NCR DRX cycle based on traffic demand. As depicted in Figure 4, a WUS can be configured to monitor within a window, which indicates whether the corresponding DRX cycle can be powered off such that the power consumption in time domain can be reduced for NCR.  
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Figure 4: Illustration explicit ON-OFF configuration: DRX extension for NCR


Proposal 10: For explicit configuration of ON-OFF pattern for NCR, semi-static DRX-like operation should be supported for NCR
· In addition, WUS signal can be configured for dynamic ON-OFF of NCR DRX cycle


Implicit ON-OFF 

In RAN1#109-e, implicit configuration/indication to turn NCR ON-OFF has also been discussed. Essentially, whenever NCR-Fwd is not configured with any Tx and Rx beams on certain symbols/slots, then it can be assumed that no transmission or reception is expected on those symbols/slots. Therefore, from power saving perspective, NCR can be turned OFF for those symbols/slots and can be turned ON only for those symbols/slots where beam is configured/indicated. 

Proposal 11: For implicit configuration of ON-OFF pattern for NCR, beam information should be used to determine the symbols and/or slots during which the NCR can be turned ON or OFF
· When no beams are configured/indicated for NCR, it can be assumed that the default state of NCR-Fwd is OFF


Furthermore, with implicit ON-OFF method, one potential issue could be that although NCR-Fwd might be semi-statically configured with Rx beams to receive from UEs, but they may not actually receive anything on those configured Rx beams for continuous periods. One example could be configuration of PRACH occasions and corresponding Rx beams for reception at the NCR-Fwd from one or more UE(s). gNB may configure NCR to transmit SSBs and receive corresponding PRACH, however, it could be possible that the beams of the NCR are not really serving any UEs and therefore no PRACH will be received on the configured Rx beams. In this case, it may not be optimal to keep the NCR-Fwd receiver ON regardless of no reception on PRACH occasions. For such case, further autonomous turning OFF NCR-Fwd can be considered. For example, if there has been no reception on any of the Rx beams on the configured PRACH resources for multiple periods continuously, then NCR could autonomously turn OFF.

Proposal 12: With implicit ON-OFF for NCR, after a continuous no reception on the configured Rx beams (for example, no PRACH reception on configured Rx beams for multiple periods), it could be considered that at least NCR-Fwd receiver at access link can turn itself OFF (assuming same understanding at the gNB)
 
Power control information
In RAN1#109-e, following agreements have been made related to power control information for NCR:

Agreement
The controlling of the amplifying gain of NCR-Fwd is considered to enable the power control of NCR-Fwd if PC is recommended as side control information for NCR in Rel-18
· FFS: Controlling of the transmission power of NCR-Fwd
In our view, power control at NCR-Fwd is beneficial for both downlink and uplink. If power control is not applied and a fixed amplifying gain is considered at the NCR, then this may degrade UL performance for UEs at the cell edge. For downlink, a fixed amplifying gain reduces the NCR coverage or signal distortion that saturates NCR-Fwd access link. From this point of view, we are open to consider power control as a beneficial side control information. However, with limited time, we are also fine to consider power control information as a second priority. 

Proposal 13: Power control as side control information can be considered with low priority and could be discussed/specified at a later stage, depending on the progress of other essential side control information

If power control is agreed to be supported for NCR operation, then it needs to be further discussed if power control is applied only for DL or UL or both. As discussed above, we think that it is beneficial to apply power control for both UL and DL. From this point of view, set of power control parameters such as output power values or amplifying gains may need to be configured/indicated to NCR to apply for both UL and DL power control at NCR.  Two options can be considered for indicating such information. One option could be to configure a common set of power control parameters to NCR to apply for both UL and DL. Other option could be configuring a separate set of power control parameters for UL and DL, respectively. 

Proposal 14: For NCR operation, if it is agreed to be support power control information for both uplink and downlink at the NCR, then following two options can be considered for configuration of power control parameters:
· Option 1: Common set of power control parameters such as output power values or amplifying gains for both UL and DL
· Option 2: Separate set of power control parameters for UL and DL, respectively
Conclusion
In this contribution, we have discussed our views on side control information details for NCR and provided following proposals:
Proposal 1: For both the control and backhaul links between gNB and NCR, same fixed beam should be considered as the baseline

Proposal 2: For fixed beam at the NCR, for both the control and backhaul links, two options can be considered:
· Option 1: Fixed beam is hard coded for both backhaul and control links
· Implementation-based option and no specification support expected for beam determination/configuration/indication at the NCR
· Option 2: Fixed beam determination based on SSB and/or CSI-RS
· No support for further beam configuration/indication/update (also no support for beam failure detection/recovery procedure at NCR)

Proposal 3: For beam information at the NCR, for both the control and backhaul links, adaptive beam indication may be considered if it can be justified that the NCR performance improves considerably with adaptive beam in comparison to fixed beam

Proposal 4: For the NCR to serve UE(s) via the access link in a transparent manner, network should provide the NCR with beam information to support all the aspects of beam management including beam acquisition, beam refinement and beam monitoring, as typically supported by UEs

Proposal 5: For the NCR to serve UE(s) via the access link in a transparent manner, network should configure the NCR to beam sweep SSBs on a sub-set of SSB beam indices 
· Same index as SSB beams can be assigned for sweeping at the NCR via access link

Proposal 6: For the NCR to serve UE(s) via the access link in a transparent manner, source RS based indication (TCI-like framework) can be supported:
· TCI states can be configured to NCR where a TCI state indicates a source RS ID and QCL assumption type (for example type-D for beam information)
· At least SSB and CSI-RS can be configured as source RS for beam information at the NCR for forwarding downlink to UEs and receiving uplink from UEs via access link

Proposal 7: RAN1 can consider additional information such as intended coverage region for supporting beam configuration/indication at the NCR access link, for example, NCR can be configured with SSB beam sweeping within an intended coverage region
· Directivity of individual beams would still be up to NCR implementation based on TCI indication

Proposal 8: For UL/DL timing at the NCR, no additional impact needs to be considered due to potential internal delay between reception and forwarding at NCR (assuming guard period duration is longer than the total timing advance value at the UE)
· Potential time difference due to internal delay for forwarding can be handled by implementation at the NCR

Proposal 9: For semi-static UL/DL TDD configuration for NCR, additional handling of flexible symbols should be deprioritized considering limited practical applicability
· NCR should not expect to be configured with either DL or UL forwarding on flexible symbols
Proposal 10: For explicit configuration of ON-OFF pattern for NCR, semi-static DRX-like operation should be supported for NCR
· In addition, WUS signal can be configured for dynamic ON-OFF of NCR DRX cycle

Proposal 11: For implicit configuration of ON-OFF pattern for NCR, beam information should be used to determine the symbols and/or slots during which the NCR can be turned ON or OFF
· When no beams are configured/indicated for NCR, it can be assumed that the default state of NCR-Fwd is OFF

Proposal 12: With implicit ON-OFF for NCR, after a continuous no reception on the configured Rx beams (for example, no PRACH reception on configured Rx beams for multiple periods), it could be considered that at least NCR-Fwd receiver at access link can turn itself OFF (assuming same understanding at the gNB)

Proposal 13: Power control as side control information can be considered with low priority and could be discussed/specified at a later stage, depending on the progress of other essential side control information

Proposal 14: For NCR operation, if it is agreed to be support power control information for both uplink and downlink at the NCR, then following two options can be considered for configuration of power control parameters:
· Option 1: Common set of power control parameters such as output power values or amplifying gains for both UL and DL
· Option 2: Separate set of power control parameters for UL and DL, respectively
 
Reference
[1] [bookmark: _Ref40195690][bookmark: _Ref101346585][bookmark: _Ref61153333]3GPP RP-221229, “Revised SI: Study on NR Network-controlled Repeaters”, ZTE Corporation
[2] 3GPP RAN1#109-e, “Chairman Notes” 
[3] 3GPP R1-2207346, “Discussion on L1/L2 signaling for side control information”, Apple Inc.
image3.emf



DL Tx at gNB



DL Rx at NCR-MT



DL Rx at NCR-Fwd



UL Tx at NCR-MT



UL Rx at gNB



DL Tx at NCR-Fwd



DL Rx at UE



UL Tx at NCR-Fwd



UL Rx at gNB



DL at gNB Guard  Period



UL Rx at NCR-Fwd



UL Tx at UE



UL slot at gNB



DL at UE Guard  Period UL at UE



DL at NCR-MT Guard  Period UL at NCR-MT



DL at NCR-Fwd Guard  Period UL at NCR-Fwd



DL at gNB



DL Tx at gNB



DL at NCR-MT



DL Rx at NCR-MT



DL at NCR-Fwd



DL Rx at NCR-Fwd



DL Tx at NCR-Fwd



DL at UE



DL Rx at UE



UL/DL Timing at gNB



UL/DL Timing at NCR-MT



UL/DL Timing at NCR-Fwd



UL/DL Timing at UE



T1



T2



GD



GD GD



TA1



TA2



T1 =        Propagation delay between gNB and NCR   
(assumed same for both NCR-MT and NCR-Fwd)



GD =        Internal delay at NCR-Fwd between reception and forwarding



T2 =        Propagation delay between NCR-Fwd and UE



TA1 =        2 * T1                         (timing advance applied at NCR)
TA2 =        2 * (T1+GD+T2)         (timing advance applied at UE)











image4.png
f/—\.

DRX period

I Fover off [ Poweron





image1.emf



SSB beam index N



SSB beam index N+1



SSB beam index N+2
SS



B 
be



am
 in



de
x 



N



SSB beam
 index 



N+1



SSB beam index N+2










S

S

B

 

b

e

a

m

 

i

n

d

e

x

 

N

S

S

B

 

b

e

a

m

 

i

n

d

e

x

 

N

+

1

S

S

B

 

b

e

a

m

 

i

n

d

e

x

 

N

+

2

S

S

B

 

b

e

a

m

 

i

n

d

e

x

 

N

S

S

B

 

b

e

a

m

 

i

n

d

e

x

 

N

+

1

S

S

B

 

b

e

a

m

 

i

n

d

e

x

 

N

+

2


image2.emf



SSB beam index N



SSB beam index N+1



SSB beam index N+2
Be



am
 ID



1



Beam
 ID



2



Beam ID3










S

S

B

 

b

e

a

m

 

i

n

d

e

x

 

N

S

S

B

 

b

e

a

m

 

i

n

d

e

x

 

N

+

1

S

S

B

 

b

e

a

m

 

i

n

d

e

x

 

N

+

2

B

e

a

m

 

I

D

1

B

e

a

m

 

I

D

2

B

e

a

m

 

I

D

3


