[bookmark: OLE_LINK2][bookmark: OLE_LINK1]3GPP TSG RAN WG1 #110-bis-e                                                                                       R1-2208691
e-Meeting, October 10th – 19th, 2022

Source:	ZTE
Title:	Discussion on side control information
Agenda Item:	9.8.1
Document for:    Discussion
1. [bookmark: _Ref18181]Introduction
In RAN#97e meeting, the following objectives related to the signaling and procedures are listed in the WID on NR network-controlled repeaters [1].
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
In this contribution, the design of the recommended SCI and corresponding NCR behavior is elaborated. 
1. [bookmark: _Ref54269283]Discussion on SCI and NCR behavior
1. Beam information
0. Beam indication for access link
In RAN1#110, it has been agreed that an access link beam is indicated by a beam index, where both dynamic indication and semi-static indication (including semi-persistent indication) are considered. Based on this agreement, at least, the following aspects should be further defined to enable the beam indication:
· A-1: The NCR capability on beam information.
As the extension of coverage for BS, the configuration of NCR’s beam information should be well known at gNB side to enable the optimal scheduling similar to BS itself. Then, as part of NCR’s capability report, the beam related capability should include the number of beams, beam types (e.g., defined by the beamwidth) and beam arrangement (e.g., defined by the relationship between different beam types).
· A-2: The mapping relationship between beam index and physical beam
To support the beam indication via beam index, with the reported capability, the gNB can configure the number of beams used on the NCR’s access link and the corresponding logical beam indexes to the NCR. In general, following options can be considered according to the received information at gNB side for the beam index definition and corresponding indication:
· Option-1: A unified numbering mechanism can be used to index all beams, which facilitates the gNB to control multiple NCRs with different capability in a unified manner. 
As shown in Figure 1, two NCRs are connected to the same gNB. The NCR1 has 4 narrow beams and 2 wide beams, and the NCR2 has 16 beams with the same width. In this case, the gNB configures the beam indexes 0~5 for the NCR1 and the beam indexes 0~15 for the NCR2. Then the gNB can use this simple and unified beam numbering mechanism in following beam indication signaling for both NCRs. In general, the bit width needed for the beam indication depends on the supported maximum beam in Rel-18, e.g., 4 bits are needed to support all cases. 
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Figure 1. A unified numbering mechanism to index beams for NCRs with different capability
· Option-2: A separate numbering mechanism for different beam types
For each of different NCR with multiple beam types as shown in Figure 1, another method is to enable the numbering per beam type (e.g. wide beam or narrow beam). With this solution, the signalling overhead for beam indication can be flexibly controlled based on service, e.g., common channel with normal coverage or forwarded data for enhancement. Meanwhile, additional consideration on how to distinguish the beam type should also be considered.
· Option-3: A hierarchic numbering mechanism 
Typically, similar to the gNB’s beam structure, the hierarchical beam arrangement is expected at NCR for access link as shown in Figure 2, where the NCR has 2 wide beams and 8 narrow beams. Following this structure, the beams can be simply grouped together if they belong to the range of same wide beams. With support of this option, the potential restriction on the beam can be easily achieved, e.g., to avoid the self-interference. More specifically, the narrow beam in one group can be indexed locally.

Figure 2. A hierarchical numbering mechanism to index beams
Proposal 1: The following options can be considered to number the beam(s) supported by NCR:
· Option-1: A unified numbering mechanism can be used to index all beams
· Option-2: A separate numbering mechanism for different beam types
· Option-3: A hierarchical numbering mechanism for different beam types 
· A-3: Indication of one/multiple beams per indication
As agreed in RAN1#110, the beam indication for NCR should be able to cover the needs with single or multiple beams (e.g., in a sequence). More specifically, as the basic scenario, if the control of access beam is only to support the forwarding for one UE within the certain duration, one beam per indication should be supported to indicate the selected beam based on the training results. 
In addition, if the predicted scheduling can be achieved at gNB, additional enhancement to enable multiple beams per indication, e.g., with a sequence of ordered beam indexes, can also be considered. To achieve this purpose, the gNB can either directly indicate these beam indexes or pattern index, which refers to the beam pattern constructed by these beam indexes, to NCR-MT. The beam pattern can be defined in semi-static way (e.g., RRC configured). 
Proposal 2: At least the beam indication with one beam index per indication should be supported.
Proposal 3: To support the multiple beams indication, signaling with multiple ordered beam indexes or beam pattern index can be considered.
·  Note：Configuration of beam pattern is required for pattern index indication.
· A-4: Indication of the time domain resource for each beam
In RAN1#110, the following agreement is achieved:
	Agreement
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.


To enable the proper association between indicated beam and its applicable time, the joint indication is preferred with the corresponding beam indication. Meanwhile, for the detailed design, all cases with periodic/aperiodic, multiple or single beam(s) operation at one time instant should be covered. 
More specifically, for the applicable duration of each beam, if the gNB can configure a beam pattern list to the NCR including multiple beam patterns, where each beam pattern in the list has a sequence of beam indexes. In this case, the corresponding configuration of applicable time for each beam can be done with following alternatives as shown in Figure 3:
(1) Alt1: the corresponding time duration applicable for each beam in the beam pattern can be configured to the NCR as part of beam list. In this way, the beam indication only needs a beam pattern index. 
(2) Alt2: the time duration applicable for each beam in the beam pattern can be indicated together with the beam pattern index to the NCR. In this case, the same time duration is assumed for each beam in the list.
Moreover, the Alt-2 is also applicable to support indication with one or multiple ordered beam indexes instead of pattern list. 
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Figure 3. A beam pattern based beam and time domain resource indication
In addition to the above information, 
· For periodic beam indication (e.g., single beam or multiple beams): The periodicity is also needed and after receiving the corresponding beam pattern index and applicable time duration, the data will be forwarded by following the corresponding pattern along with the indicated time information.
· For aperiodic beam indication (e.g., single beam or multiple beams): The start time and duration of applicable time for indicated beam is also needed. To reduce the specification impact, current SLIV method can be reused to indicate these information. For example, if single beam is indicated, the SLIV value will refer to the applicable time. For the indication for multiple beams, e.g., beam pattern or multiple index, according to the start point indicated by SLIV, all beams will be applied by following the defined ordered till the end of the duration and the applicable for each beam is indicated separately, e.g., configured along with the beam pattern or same value as the granularity for SLIV calculation.
Proposal 4: For aperiodic beam indication, SLIV is used to indicate the start and duration of the applicable time for one or multiple beams.
Proposal 5: For periodic beam indication, at least the periodicity, duration per each beam should be indicated for one or multiple beams
In addition, since both slot-level and symbol-level granularity are recommended, instead of the fixed granularity, the flexibly controlled granularity for the indicated time domain resource should be supported with potential indication to NCR to understand the time unit in its forwarding operation, e.g., slot-level used for scheduling or symbol-level for beam training.  To achieve this purpose, either separate bitmap or joint indication with time domain resource indication can be considered.
Proposal 6: The configurable granularity of the time domain resource associated to beam should be supported. 
Meanwhile, the NCR needs to know the absolute length of the time unit, i.e., the symbol or slot length. The absolute length of the time unit is generally related to the SCS. If the forwarded signal has the same SCS as that used by the C-link, the symbol or slot length used by the C-link can be reused by NCR-Fwd. 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. For example, the NCR uses an SCS of 15kHz on its C-link, and the forwarded signal via the NCR to a UE uses 30kHz SCS. In this case, a scaling factor of 2 can be provided to the NCR. The NCR determines the absolute slot/symbol length on the access link as Tsymbol_access = Tsymbol_c/scaling factor.
Proposal 7: The absolute length of time unit is determined based on the SCS used by the C-link with potential scaling if needed.
For the beam indication, similar as the beam indication to normal UE, additional time offset may be considered between the reception of indication and start of applicable time based on the NCR capability. Otherwise, the indicated beam will be invalid.
Proposal 8: A time offset should be considered for the application of indicated beam based on NCR capability.
0. Beam indication for backhaul link
In last RAN1#110 meeting, the following agreement has been made regarding the beam for C-link and backhaul-link:

Agreement
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
Typically, NCRs can be deployed based on network planning scheme, e.g., NCRs are located in selected sites by the operators with relatively good propagation path to the gNB (e.g., with LOS path). Based on stationary NCR assumption [1], the beam for the C-link and backhaul link will be almost stable and same beam (TCI state) can be shared. However, there may exist some application scenarios that the C-link may have different beam requirements compared to the backhaul link (e.g., the wider beam/SSB beam can be used for C-link and a narrow beam/CSI-RS beam can be used for the backhaul link), thus different beams (TCI state) should be considered for the C-link and backhaul link. In this case, a new signaling (Option1) dedicated to indicate the beam information from gNB can be considered for backhaul link to enable the sufficient flexibility, while the Option2 (i.e., the beam of backhaul link is determined by a pre-defined rule) cannot satisfy this requirement. Specifically, the DL receptions/UL transmissions in both C-link and backhaul link can be operated simultaneously. And since the beam on backhaul link should always follow the pre-defined rule, once there is a beam switching of C-link, the beam on backhaul link should also change according to the pre-defined rule. Thus it may cause limited flexibility for the beam of backhaul link. Therefore, the Option 1(i.e., the beam of backhaul link is indicated by a new signaling) is preferred to indicate and determine the beam of backhaul link in case that adaptive beams are adopted for C-link and backhaul link.
Furthermore, as highlighted in the agreement, even with new signalling, same TCI set as the C-link are shared regardless of new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE).
Then, according to the current TCI framework, e.g., hierarchic signalling with potential combination as RRC+MAC CE+DCI, it seems that the same set of TCI can be defined in either RRC or MAC level. 
Proposal 9: For backhaul link, the Option-1 with new signaling is supported for the beam indication in case that the adaptive beam is adopted for the C-link and backhaul link.
· The “set of beams of the C-link” refers to the RRC configured or MAC CE indicated TCI set for NCR-MT.
1. Information on TDD UL/DL configuration
In RAN1#110 meeting, the following agreement has been made regarding the NCR-Fwd behaviour in the flexible symbols.
	Agreement
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


It has already been agreed in RAN1#109-e that the same TDD UL/DL configuration is used for all links including C-link, backhaul link and access link. Therefore, if some of flexible symbols are further determined as DL or UL based on the SFI indication (if supported) or the scheduling received by NCR-MT, NCR-Fwd should follow the same TDD UL/DL operation as NCR-MT. We think that Option 2 is a natural choice according to the agreement reached in RAN1#109-e meeting.
For remaining flexible symbols which are neither explicitly indicated by SFI nor implicitly indicated by scheduling to DL or UL, as a network-controlled repeater, the NCR-Fwd behavior should also be controlled by the network. If the network does not know the information about the NCR’s implementation, e.g., duration required for DL-UL switching, the performance of network will be degraded due to the unexpected interference. Thus a specific behavior on these symbols can be defined, i.e., the NCR-Fwd is turned OFF or not forwarding in Option 1. We slightly prefer the latter in Option 1 as the NCR-Fwd may need to perform DL-UL switching and timing adjustment in the symbols and in fact it is not completely turned OFF. 
In the actual commercial networks, the number of flexible symbols configured by semi-static common TDD UL/DL configuration is very small, e.g. only 4 symbols in a periodicity with 5 slots or 10 slots. After semi-static dedicated configuration and possible SFI indication, the number of flexible symbols will be less. The possibility of scheduling on these flexible symbols is very low. Thus there is no need to introduce a new SCI signaling to indicate DL/UL just for the symbols. Option 3 will cause signaling overhead, cost and standardization complexity. In addition, we also need to consider the inconsistency between the forwarding direction indicated by a new signaling and the direction determined by the NCR-MT based on SFI and scheduling from the gNB in a same flexible symbol.
To sum up, we believe that the behavior of NCR-Fwd can be determined through the combination of Option 2 and Option 1, as shown in the Figure 4.
[image: ]
Figure 4. NCR-Fwd behaviour in flexible symbols
Proposal 10: Regarding the NCR-Fwd behavior on flexible symbols, following operation can be considered.
· For the flexible symbols which are further indicated by SFI/scheduling (if supported) as DL or UL, the NCR-Fwd follows the TDD operation determined by the NCR-MT based on SFI/scheduling
· For remaining flexible symbols, the NCR-Fwd is not expected to perform forwarding
1.2 ON-OFF information
In study item phase, ON-OFF information is justified as beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd for all frequency ranges with following agreement on the candidate solutions. 
	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.


Then, in the normative phase, the unified design should be considered to support the different types of repeater in all frequency range.
Proposal 11: Unified design of ON-OFF information for both FR1 and FR2 should be supported.
The down-selection of detailed indication solution among explicit and implicit methods for ON-OFF information is expected to be done in normative phase. With regards to the implicit indication via the signaling for other information, e.g. beam, DL/UL configuration, or power control information, it’s tightly associated with other information which may lead to unnecessary complexity on NCR-Fwd. For beam information, there might be some non-scheduling intervals when no UE traffic happens, and the minimum granularity of beam information is symbol level similar while it’s not reasonable to turn off the NCR-Fwd in several symbols due to its hardware complexity of ON-OFF switching. Regarding TDD configuration, the behavior over flexible symbol is separately discussed, and power control will be checked in next RAN plenary, so it’s premature to consider these 2 information as implicit determination of ON-OFF information.
Moreover, according to companies’ input in last RAN1 meeting, explicit indication and implicit determination by beam information attract large and similar support. However, based on the discussion in RAN Plenary, some companies still have concern on supporting beam information in FR1. Therefore, if implicit indication by beam information is adopted, there is a risk that ON-OFF information may not apply to FR1 due to the potentially unspecified FR1 beamforming.
In addition, implicit indication by beam information is not applicable when NCR MT enters RRC idle/inactive state, while in this case, NCR-Fwd could also behave like a normal RF repeater and ON-OFF information can be configured in RRC release message in a semi-static manner.
Observation 1: The implicit indication of ON-OFF via beam information is not feasible since the beam information may not be applicable for FR1.
Observation 2: The implicit indication of ON-OFF information is not preferred since it is not applicable when NCR MT is in RRC IDLE/INACTIVE state. 
Then, with the consideration above, the option-1 with explicit ON-OFF indication is preferred. 
Proposal 12: For down-selection, Option-1 with explicit ON-OFF indication is preferred.
Then, regarding the detailed indication of ON-OFF information, the following mechanism is highlighted with consideration on the RRC state of NCR-MT:
· RRC CONNECTED state
In RAN1#110, the following agreement is achieved: 
	Agreement
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.


Then, the controlling of ON-OFF state, i.e., from OFF to ON, will depend on the received information from NCR-MT in the RRC connected mode. More specifically, 
· For semi-static ON-OFF indication, periodic ON-OFF pattern can be considered to control the forwarding behaviour, e.g., to match forwarding of periodic signals. In this pattern based indication, NCR may not need to know the exact forwarded signal, instead, configuration of corresponding “ON” duration time domain resource(e.g. slot index) in each periodicity is enough. It should be noticed that some of the common channel might be in symbol level, e.g. SSB, but ON-OFF behavior of NCR is better to consider at least slot level due to its hardware complexity of ON-OFF switching, and then the “ON” duration can be larger than the common channel pattern as shown in Figure 5. 
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Figure 5 ON-OFF pattern
In addition to the periodic common channel forwarding, the semi-static pattern may also consider some regular activities with predictable schedules, e.g. for deployment near a stadium, the NCRs can be turned on for certain time slots(e.g. 18:00~22:00) in which regular activities to be held. The semi-static ON-OFF pattern can be configured in RRC or MAC CE.
Proposal 13: For semi-static ON-OFF indication, periodic ON-OFF pattern can be considered to cover predictable signals and regular activities.
· For the dynamic ON-OFF state indication, either single state or multiple states (e.g., as shown in Figure 6) can be indicated via the DCI indication. As the supplementary of semi-static indication, the finer controlling of NCR’s state can be achieved to match the urgent needs.
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[bookmark: _Ref111231278]Figure 6 Multiple states indication
Proposal 14: For dynamic ON-OFF indication, the following options can be considered:
· Option 1: One bit to indicate single state.
· Option 2: A bitmap to indicate multiple states
· RRC IDLE/INACTIVE state
When NCR Fwd is expected to work in a certain behavior in a relatively long duration, e.g. NCR Fwd will be kept “ON” in several hours with certain beam configuration, it’s possible that NCR MT could transfer to RRC IDLE/INACTIVE state for power saving. In this case, semi-static indication through RRC message can be used for gNB to control the behavior of NCR Fwd when NCR MT enters RRC IDLE/INACTIVE state. 
Regarding the specific method of semi-static indication, it’s not expected to apply any complex configuration on NCR-Fwd, because it would be more efficient to consider such indication when NCR MT is in RRC CONNECTED state, so single state indication with 1 bit in RRC release message would be enough, i.e. NCR Fwd will keep ON or OFF state according the single state indication until NCR MT enters RRC CONNECTED state and receives next indication.
Proposal 15: When NCR-MT enters RRC IDLE or INACTIVE state, semi-static single state indication in RRC release message can be used to control the ON-OFF behavior of NCR-Fwd.
1. Conclusions
In this contribution, the detailed views on the SCI and NCR’s behavior are discussed with following observations and proposals: 
Proposal 1: The following options can be considered to number the beam(s) supported by NCR:
· Option-1: A unified numbering mechanism can be used to index all beams
· Option-2: A separate numbering mechanism for different beam types
· Option-3: A hierarchical numbering mechanism for different beam types
Proposal 2: At least the beam indication with one beam index per indication should be supported.
Proposal 3: To support the multiple beams indication, signaling with multiple ordered beam indexes or beam pattern index can be considered.
· Note: Configuration of beam pattern is required for pattern index indication.
Proposal 4: For aperiodic beam indication, SLIV is used to indicate the start and duration of the applicable time for one or multiple beams.
Proposal 5: For periodic beam indication, at least the periodicity, duration per each beam should be indicated for one or multiple beams
Proposal 6: The configurable granularity of the time domain resource associated to beam should be supported. 
Proposal 7: The absolute length of time unit is determined based on the SCS used by the C-link with potential scaling if needed.
Proposal 8: A time offset should be considered for the application of indicated beam based on NCR capability.
Proposal 9: For backhaul link, the Option-1 with new signaling is supported for the beam indication in case that the adaptive beam is adopted for the C-link and backhaul link.
· The “set of beams of the C-link” refers to the RRC configured or MAC CE indicated TCI set for NCR-MT.
Proposal 10: Regarding the NCR-Fwd behavior on flexible symbols, following operation can be considered.
· For the flexible symbols which are further indicated by SFI/scheduling (if supported) as DL or UL, the NCR-Fwd follows the TDD operation determined by the NCR-MT based on SFI/scheduling
· For remaining flexible symbols, the NCR-Fwd is not expected to perform forwarding
Proposal 11: Unified design of ON-OFF information for both FR1 and FR2 should be supported.
Observation 1: The implicit indication of ON-OFF via beam information is not feasible since the beam information may not be applicable for FR1.
Observation 2: The implicit indication of ON-OFF information is not preferred since it is not applicable when NCR MT is in RRC IDLE/INACTIVE state. 
Proposal 12: For down-selection, Option-1 with explicit ON-OFF indication is preferred.
Proposal 13: For semi-static ON-OFF indication, periodic ON-OFF pattern can be considered to cover predictable signals and regular activities.
Proposal 14: For dynamic ON-OFF indication, the following options can be considered:
· Option 1: One bit to indicate single state.
· Option 2: A bitmap to indicate multiple states
[bookmark: _GoBack]Proposal 15: When NCR-MT enters RRC IDLE or INACTIVE state, semi-static single state indication in RRC release message can be used to control the ON-OFF behaviour of NCR-Fwd.
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