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1. Introduction
In the WID [1], the following objectives for RAN1 are identified.
	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
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


In this contribution, we will share our views on the side control information and NCR behavior related to beamforming, UL-DL TDD operation and ON-OFF.
2. Backhaul link beam indication
	Agreement
If adaptive beams are adopted for C-link and backhaul link, new signaling is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· Predefined rule is used to define the beam in case there is no indication via the new signalling
· FFS: Details of the predefined rule
· FFS: Application of predefined rule for other cases
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.
· The new signalling, if needed, is an optional NCR capability


According to the agreement above, new signaling will be supported to indicate backhaul link beam from the set of beams for C-link. 
One question would be, whether the new signaling is semi-static or dynamic.
In our view, since NCR is stationary and the appropriate backhaul link beam would not change frequently, semi-static indication should be supported for saving signaling overhead. As for dynamic indication, it is obvious that it would result in more signaling overhead and require more standardization efforts. Therefore, unless the necessity of dynamic indication is well justified, only semi-static indication should be supported. And so far, we do not see a strong motivation to support dynamic indication. 
Based on the discussions above, we have the following proposal.
Proposal 1: Only support semi-static indication of backhaul link beam.
· Do not support dynamic indication.
3. Access link beam indication
3.1. Beam indexing
For the beam indication of access link for NCR-Fwd, it was agreed that beam index is used to indicate an access link beam. Accordingly, it is necessary to discuss how to determine the beam index of beams supported by NCR-Fwd for access link.
In RAN1#110b-e meeting, three options as below were proposed to define the association between beam index and corresponding physical beam for access link.
	Updated Proposal 1-1-2_v2: One of following options is supported to define the association between beam index and the physical beam supported by NCR-Fwd for access link: 
· Option-1: All beams are indexed sequentially regardless of the beam type for each beam
· Option-2: Beams are independently indexed per beam type(i.e., all narrow/wide beams belong to the same type are indexed sequentially)
· Option-3: Beams are hierarchically indexed according to the spatial relationship between different beam types (i.e., narrow beams associated with the same wide beam are sequentially indexed, and different wide beams are sequentially indexed)
FFS: the sequence of beam


For Option 1, an access link beam is uniquely represented by its beam index, regardless of its beam type. For Option 2, an access link beam is uniquely represented by a combination of beam type and its beam index. For Option 3, an access link beam is uniquely represented by a combination of its beam index and associated wide beam, if any. Consequently, those options are closely related to how to indicate an access link beam. A single beam index indication is enough for Option 1, while additional indication (e.g. beam type, wide/narrow beam index) is required by Option 2 and Option 3. Therefore, the design is beam indication based on Option 2 and Option 3 is more complicated than Option 1. In addition, beam indication based on Option 1 is a unified solution, while for Option 2 and Option 3, some special cases may need to be discussed. For example, up to NCR’s capability, the NCR may support only one beam type. For this case, how to support beam indication based on Option 2 and Option 3 needs to be discussed. Meanwhile, for Option 3, to support indication of a wide beam, it may be necessary to discuss whether/how to reserve a special value of narrow beam indication which does not map to any narrow beam.
According to the discussions above, Option 1 is the simplest for beam indication.
Observation 1: For definition of the association between beam index and the physical beam supported by NCR-Fwd for access link, Option 2 and Option 3 will complicate beam indication design.
· Option-2: Beams are independently indexed per beam type(i.e., all narrow/wide beams belong to the same type are indexed sequentially)
· Option-3: Beams are hierarchically indexed according to the spatial relationship between different beam types (i.e., narrow beams associated with the same wide beam are sequentially indexed, and different wide beams are sequentially indexed)
Proposal 2: For definition of the association between beam index and the physical beam supported by NCR-Fwd for access link, support Option 1, i.e., all beams are indexed sequentially regardless of the beam type for each beam.
The beam index of an access link beam should at least represent its beam type and spatial relationship with other access link beams. For example, assume all beams are indexed sequentially regardless of the beam type for each beam (i.e. based on Proposal 2), beam#0~M-1 are of wide beam type, and beam#M~M+N-1 are of narrow beam type. For the same beam type, the beams with consecutive beam indices are adjacent in spatial domain. As for association between the wide beams and narrow beams, the beams corresponding to the first n narrow beams are associated with the first wide beam, the second n narrow beams are associated with the second wide beam, and so on. As shown in the Figure 1, NCR beam#0 and beam#1 are of wide beam type, and beam#2~9 are of narrow beam type. Beam#2~5 are associated with beam#0, and beam#6~9 are associated with beam#1.


Figure 1. association between beam indices and physical beams
Proposal 3: The beam index of an access link beam at least represents its beam type and spatial relationship with other access link beams.
· The beam type is: 
· wide beam, or,
· narrow beam
· The spatial relationship with other access link beams includes:
· associated wide beam/narrow beam, and
· neighbouring beam(s) in spatial domain
Another issue is how to derive the corresponding beam index for an access link beam. Three options  as below were discussed.
	Updated Proposal 1-1-3: One of following options is supported to determine the beam index used in SCI to control the beam of NCR-Fwd for access link:
· Option-1: The beam indices are configured by gNB
· FFS: How to inform the NCR on which beams are selected and/or indexed by gNB 
· Option-2: The beam indices are reported by NCR
· Note: In this option, the reported beam index of supported beam will be used for beam indication.
· Option-3: The beam indices are determined by the pre-defined rule.
· Note: In this option, same rule is applied at both gNB and NCR sides to identify the unique physical beam supported by NCR for each beam index.
Note: Combination between Options is not precluded.


[bookmark: _Hlk118117950]For Option 1, it is not clear to us how it works alone. More specifically, how the beam indices configured by gNB are mapped to the physical beams of NCR? If Option 1 means the gNB needs to configure the association between beam indices and the physical beams, it should not be supported since it would introduce redundant configuration information for the association between beam indices and the physical beams. And if Option 1 means the gNB may configure beam indices for a subset of access link beams that NCR supports, we think it could be separately discussed. And before that, we should discuss how to derive the beam indices for all beams supported by NCR, i.e. Option 2 and Option 3.
Whether to support Option 2 or Option 3 is actually related to which kind of characteristic of access link beam is explicitly reported from NCR to gNB, while the characteristic issue is very controversial according to the discussions in RAN1#110b-e meeting. 
If Option 2 is supported, besides the beam index of an access link beam, the NCR may also need to report the beam type of the beam and its associated wide/narrow beam. If Option 3 is supported, the NCR may need to report the number of beams per beam type, or, the number of wide beams and the number of associated narrow beams per wide beam, so that the beams can be indexed based on the reported number. For both options, as we discussed above, the derived beam index of an access link beam should at least represent its beam type and spatial relationship with other access link beams, as shown in the example in Figure 1.
It seems both options are feasible. However, compared with Option 2, Option 3 may require more standardization effort. For example, it is necessary for Option 3 to discuss which beam is associated with the lowest beam index so that gNB and NCR has a common understanding on association between beam indices and physical beams. Therefore, Option 2 is preferred.
Proposal 4: NCR reports the beam indices of all access link beams supported by the NCR.
3.2. Beam indication
For the indication of forwarding beam for access link, both beam index and the corresponding time domain resource is necessary to be indicated. In this section, we would like to discuss how to indicate beams in an access link beam indication.
In RAN1#110b-e meeting, it was agreed to support both single beam index per indication and multiple beams per indication. 
	Agreement
The following methods are supported for access link beam indication:
· Single beam index per indication is supported to indicate one beam.
· The indication of multiple beams in one indication is supported
· Note: The multiple beams are applied in TDMed over same frequency resource


In our view, both bitmap based indication and beam index value based indication can be considered. For single beam index per indication, it is straightforward to indicate the value of beam index. For indication of multiple beams per indication, bitmap-based indication could be used. 
Proposal 5: For access link beam indication, support beam index value-based indication for single beam index per indication and bitmap-based indication for indication of multiple beams per indication.
For dynamic beam indication of NCR-Fwd for access link, if the number of beams supported by NCR is large, to save signaling overhead of DCI, the framework of TCI state indication for PDSCH can be reused. That is, MAC CE is utilized to activate a subset of the set of beams configured by RRC and then the DCI would indicate beam(s) in the activated subset of beams.. For example, assuming beam index value based indication, if the maximum number of beam indices activated by MAC CE is N,  bits in DCI field are used to indicate the beam indices activated by MAC CE, the first activated beam index being mapped to the codepoint value 0, the second activated beam index being mapped to the codepoint value 1 and so on. Assuming bitmap based indication, if the maximum number of beam indices activated by MAC CE is N, a bitmap consist of N bits indicates the access link beam for NCR-Fwd, the n-th beam index activated by MAC CE being mapped to the n-th bit in the bitmap. Based on the points discussed above, we propose as following.
Proposal 6: For dynamic access link beam indication, the beam indication in DCI indicates beam(s) from the set of beams activated by MAC CE. 
3.3. Time domain resource indication
Regarding time domain resource corresponding to access link beam, the following agreement was made in RAN1#110b-e meeting.
	Agreement
Following parameters should be supported to define the time resource:
· For a periodic and/or semi-persistent configured time resource, starting time, duration per beam(s) and periodicity is needed.
· For aperiodic indication of time resource, starting time and duration per beam(s) is needed.  
· FFS: The SCS for starting time, duration, and periodicity
· FFS: How to define the duration, e.g., via the length of time resource or resource index(es)
· FFS: Whether indication of starting time can be implicit (e.g., the first slot after the time to apply the received beam indication and the first OFDM symbol in the slot)


Regarding the first FFS, at least the following 2 options should be considered. 
· Option 1: The reference SCS is same as the reference SCS for UL/DL TDD configuration
· The reference SCS for UL/DL TDD configuration is configured/determined as for the legacy UE.
· Option 2: The reference SCS is indicated by a new RRC parameter or a new DCI field.
Proposal 7: For access link beam indication, the reference SCS for time domain resources is:
· Option 1: same as the reference SCS for UL/DL TDD configurations
· The reference SCS for UL/DL TDD configuration is configured/determined as for the legacy UE.
· Option 2: indicated by a new RRC parameter or a new DCI field.
3.4. Semi-static/semi-persistent/dynamic access link indication
The access link beam indication should at least include beam indication based on beam index and slot-level/symbol-level time domain resources indication. In this part, we would like to share our views on how semi-static, semi-persistent and dynamic access link indication works respectively.
In our understanding, semi-static beam indication is mainly for periodic transmissions between gNB and UEs, e.g. SSB, SIBs, Paging, PRACH, periodic CSI-RS, PUCCH for periodic CSI and Type-1 CG PUSCH etc. Those transmissions have different characteristics in both spatial and time domains. For example, they may have different periodicities, different beam sweeping patterns for same/different UEs. With that said, it is preferred to support multiple configurations so that the semi-static beam indication can match the transmissions well. Each configuration includes parameters for beam indication and time domain resources indication. 
Proposal 8: Regarding semi-static beam indication for access link, an RRC signalling provides multiple configurations which are indexed. Each configuration includes parameters for beam indication and time domain resources indication. 
Semi-persistent beam indication is mainly for semi-persistent transmissions between gNB and UEs, e.g. SPS, Type-2 CG PUSCH and PUCCH for SP CSI etc. Similar to the discussions for semi-static indication, those semi-persistent transmissions for same/different UEs may have different characteristics in both spatial and time domains. And different from the semi-static indication, some parameters, e.g. for beam indication and time domain resources within a period, can be included in the DCI for activation. Therefore, we have the following proposal.
Proposal 9: Regarding semi-persistent beam indication for access link, an RRC signaling provides multiple configurations. Each configuration at least includes parameters for periodicity.
· The parameters for beam indication and time domain resources within a period are included in the configuration provided by RRC or in DCI for activation.
Dynamic beam indication is mainly for dynamic transmissions between gNB and UEs, e.g. dynamically scheduled PDSCH/PUSCH etc. For this case, it is straightforward to indicate an access link beam and corresponding time domain resources by DCI.
Proposal 10: Regarding dynamic beam indication for access link, DCI indicates an access link beam and time domain resources corresponding to the indicated access link beam.
Since both semi-static indication and dynamic indication are supported, for a same time domain resource, it is possible that dynamic indication may indicate a beam different from the beam configured by semi-static indication. For this case, it is necessary to discuss which beam should be used. Since semi-static indication may be used for cell-specific transmission or UE-specific indication, the priority of different semi-static indication may be different. For example, for a semi-static indication for SSB transmission, the priority should be higher than the dynamic indication. And for semi-static indication for CG-PUSCH, the priority could be lower than the dynamic indication. Considering the forwarded signals are transparent to NCR, it is beneficial to include priority indication in semi-static beam indication, so that NCR can determine the beam to used when there is collision between semi-static indication and dynamic indication.
Proposal 11: Include priority indication in semi-static beam indication for access link.
4. TDD configuration
Regarding NCR’s behaviour over flexible symbols, the following agreements were made in RAN1#110 and RAN1#110b-e meeting, respectively.
	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
[bookmark: _Hlk118120613]Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols
· FFS: The behavior over these symbol if dynamic DL/UL operation is supported by NCR-MT and/or NCR-Fwd.


Both option 2 and Option 3 can support dynamic DL/UL operation over semi-statically configured flexible symbols by NCR-Fwd. The difference is whether to reuse the legacy SFI or introduce new signalling. It is obvious that introducing new signalling will cost more standardization effort. Therefore, we prefer Option 2 which reuses the legacy SFI.
There may be remaining flexible symbols according to SFI. For those remaining flexible symbols NCR-Fwd can assume no DL/UL transmission between gNB and UEs and does not amplify and forward signals. 
However, whether NCR-Fwd should follow the TDD operation according to scheduling for NCR-MT from gNB may need more discussions. For example, if the NCR-MT and NCR-Fwd is TDM, the NCR-Fwd should not follow the scheduling.
Proposal 12: For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the NCR-Fwd follows the TDD operation determined by NCR-MT based on the received SFI indication.
· For the remaining flexible symbols according to the received SFI indication, NCR-Fwd does not forward signals.
5. ON-OFF information
5.1. NCR behavior in ON and OFF states
According to the conclusion we made in previous RAN1 meeting, an NCR is not expected to perform forwarding in “OFF” state.
The benefit of enabling ON/OFF function for NCRs are: 
1. To manage and mitigate the potential interference caused by the NCR to other devices, and
2. To save power of NCRs when no UE needs the service of the NCR, e.g., in outdoor scenario.
To achieve the above two targets, in our understanding, the NCR needs two OFF levels, i.e., light OFF and deep OFF. The intention to discuss light OFF and deep OFF is to clarify the NCR (the NCR-Fwd) behavior in light OFF and deep OFF rather than to explicitly define them. In order to support ‘OFF’ state via proper manners, we need to identify the difference of NCR behaviors in light OFF and deep OFF. For example,
· Light OFF:
· Usage: Mainly used to manage and mitigate the potential interference caused by the NCR to other devices
· NCR behavior:
· The NCR-Fwd does not forward any signal. The NCR is ready for the forwarding. When the gNB indicates the NCR to forward a signal or to be ON, the NCR can rapidly recover from the light OFF.
· Latency from OFF to ON: short.
· The latency is mainly required for boosting power, i.e., from 0 power to target power.
· In our understanding, the default OFF which we agreed in RAN1#110e meeting can be a light OFF.
· Deep OFF:
· Usage: Except for interference management, deep OFF can also save the power consumption of NCRs when no UE needs the service of the NCR. 
· NCR behavior:
· The NCR-Fwd does not forward any signal. The NCR can turn off some functionalities/part of circuitry to save power consumption by implementation if the following condition can be satisfied.
· The gNB can guarantee that the NCR in a deep OFF would not be interrupted (at least not interrupted by dynamic indication). 
· Latency from OFF to ON: larger than that of dynamic/short OFF.
· The latency is required for waking the whole circuitry up and boosting power the target.
[bookmark: _Hlk118707328]It should also be noted that the ‘light OFF’ and ‘deep OFF’ are regardless of the duration of the OFF. The light/deep OFF can both be either long or short. The ‘light OFF’ and ‘deep OFF’ are regardless of the indication manner too. They can both be indicated either explicitly or implicitly. They can be indicated via semi-static signaling, SP signaling or dynamic signaling. The key point is the NCR and the gNB have the same understanding on the NCR behavior in light OFF and deep OFF. Otherwise, the gNB cannot precisely estimate how long is taken for the NCR-Fwd to start forwarding or turning on. Hence, it is obvious that the deep OFF cannot be realized simply via NCR implementation manners if the gNB and the NCR do not share the same understanding on the NCR behavior.
Observation 2: 
· Two OFF levels are necessary to mitigate interference to other devices and save power consumption of NCRs. The NCR behaviors in two OFF levels can be:
· Light OFF: The NCR-Fwd does not forward any signal. The NCR is ready for the forwarding. The NCR can recover from the light OFF very fast.
· Deep OFF: The NCR-Fwd does not forward any signal. The NCR can turn off some functionalities/part of circuitry to save power consumption by implementation if the gNB can guarantee that the NCR in a deep OFF would not be interrupted (at least not interrupted by dynamic indication).
· The clarification on NCR behaviors in light OFF and deep OFF is necessary. Defining light OFF and deep OFF are not necessary.
Observation 3: 
· If the gNB and the NCR do not share the same understanding on the NCR behaviors in the deep OFF, the gNB cannot precisely estimate how long is taken for the NCR-Fwd to start forwarding or turning on.
· Hence, without the same understanding on the NCR behaviors in the deep OFF, the deep OFF cannot be realized simply via NCR implementation manners.
Accordingly, the meaning of ‘ON’ needs to be clarified as well. There may be two types of ON:
· ON type 1 (The opposite of light OFF):
· NCR behavior: The NCR-Fwd forwards signal according to gNBs indication.
· ON type 2 (The opposite of deep OFF):
· NCR behavior: The NCR-Fwd are standing by to forward. The NCR-Fwd is being in a default OFF/light OFF when it doesn’t forward signal. When the gNB indicates the NCR to forward signal or to be ON, the NCR can rapidly recover from the default OFF/light OFF and execute the command of the gNB.
Observation 4: The meaning of ‘ON’ needs to be clarified as well. There may be two types of ON:
· ON type 1 (The opposite of light OFF):
· NCR behavior: The NCR-Fwd forwards signal according to gNBs indication.
· ON type 2 (The opposite of deep OFF):
· NCR behavior: The NCR-Fwd are standing by to forward. The NCR-Fwd is being in a default OFF/light OFF when it doesn’t forward signal. When the gNB indicates the NCR to forward signal or to be ON, the NCR can rapidly recover from the default OFF/light OFF and execute the command from the gNB.
It is noticed that the light OFF/default OFF is the default status of the ON type 2. Hence, eventually, to achieve the purposes of interference management and power saving of NCR, three states are necessary for the NCR as shown in Table 1. 
Table 1 The necessary states for the NCR,
to achieve the purposes of interference management and power saving of NCR
	
	ON type 1
	ON type 2
(Default OFF/Light OFF)
	Deep OFF

	NCR behaviors
	The NCR-Fwd forwards signal according to gNBs indication
	The NCR-Fwd are standing by to forward. The NCR-Fwd is being in a default OFF/light OFF when it doesn’t forward signal. When the gNB indicates the NCR to forward signal or to be ON, the NCR can rapidly recover from the default OFF/light OFF and execute the command of the gNB.
	The NCR-Fwd does not forward any signal. The gNB can guarantee that the NCR in a deep OFF would not be interrupted.

	Usage
	To forward the important common signal, such as SSB/ CORESET 0/ RACH occasions
	To forward signals other than the important common signal. 
	The NCR can turn off some functionalities/part of circuitry to save power consumption by implementation.

	Other potential properties
	The indicated forwarding cannot be overridden or cancelled.
	The indicated forwarding can be overridden or  cancelled when necessary.
	

	
	Hard
	Soft
	Unavailable


According to Table1, we can see the NCR needs three states to support the forwarding and achieve the purposes of interference management and power saving of NCR. And it is obvious that these three states are very similar to what we have designed for the resource of IAB nodes, i.e., the ‘hard’, ‘soft’ and ‘unavailable’.
Proposal 13: To achieve the purposes of interference management and power saving of NCR, three states/three resource types should be supported:
· ON type 1: The NCR-Fwd forwards signal according to gNBs indication
· The indicated forwarding cannot be overridden or cancelled.
· ON type 2/light OFF: The NCR-Fwd may or may not forward signal. Even if the NCR does not forward signal, the NCR is ready for the forwarding. When the gNB indicates the NCR to forward a signal or to be ON, the NCR can rapidly recover from the light OFF.
· The indicated forwarding can be overridden or cancelled when necessary.
· Deep OFF: The NCR-Fwd does not forward any signal. The gNB can guarantee that the NCR in a deep OFF would not be interrupted.
Observation 5: The three states required for NCRs are very similar to what we have designed for the resource type indication of IAB nodes, i.e., the ‘hard’, ‘soft’ and ‘unavailable’.

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



	Updated Proposal 2-1_v2: For the ON/OFF information indication:
· Explicit OFF is supported 
· At least the semi-static indication via RRC or MAC CE is supported.


In last meeting, the progress of the discussion on the support of ON/OFF was very struggling. Even though an agreement on the ON indication was finally achieved, the agreement seems not clear and leaves some ambiguity there. For example, 
· the ‘dedicated field’ in Alt-1 seems the specific terminology for DCI-based indication. It is unclear whether Alt-1 is for DCI-based indication only. And,
· It is not clear the Alt-3 is implicit or explicit. In another word, it is unclear the indicated time domain resource is dedicated for ON indication or for something else. At least, sometimes, Alt-1 and Alt-3 can be the same. 
· Besides, in Alt-2, whether the beam indication must be always implicit is unclear. For example, in case of FR2, when beam indication is reused to indicate the state ON, the indication is implicit. However, in FR1, if adaptive beam-based AC link is not supported in this release and the beam indication is used as ON indication, it is not clear that the indication is implicit or explicit. Perhaps, it should be dedicated or specific rather than explicit or implicit.
According to the work plan, the WI on NCR will complete after RAN1#112 in next February. We have only two WG meeting including the ongoing one. And we have no clear signaling framework for ON/OFF yet. There seem too many solutions/possibilities there, behind the agreement.
Observation 6: There seem too many ON/OFF indication solutions/possibilities there for further discussion/ potential down selection, behind the agreements on ON/OFF.
As discussed above, the ON/OFF states which required by the NCR are actually very similar to what we have designed for the resource of IAB nodes, i.e., the ‘hard’, ‘soft’ and ‘unavailable’. If we could take the existing signaling framework of the indication of the IAB resource type as the baseline, the standardization efforts required for the design of the NCR ON/OFF indication will obviously be reduced. 
For example, we can reuse the signaling structure and change it from the F1AP signaling to an RRC signaling. More specifically, an RRC signaling is introduced to indicate the ‘hard’ resource, the ‘soft’ resource, and the ‘unavailable’ resource. In this way, the gNB can easily plan the forwarding schedule.
· [bookmark: _Hlk118488385]The indicated ‘hard’ resource can be the resource to forward SSB, SIB, CORESET 0 and RACH occasions. The forwarding over ‘hard’ resource should be protected and could not be overridden or cancelled by other indication due to the potential impact on UEs’ initial access. 
· The ‘soft’ resource can be used to forward other common signal or UE-specific signal, such as the CSIRS for the CSI measurement, dynamic/SPS PDSCH, or dynamic/CG PUSCH etc. The forwarding over ‘soft’ resource can be overridden or cancelled if necessary, particularly when the forwarding is preconfigured rather than dynamically indicated. 
· Regarding to the ‘unavailable’ resource, it can be a deep OFF which is the potential occasion for the NCR to be deeply OFF for saving power.
Observation 7: If the existing signaling framework of the indication of the IAB resource type is adopted as a baseline, the standardization efforts required for the design of the NCR ON/OFF indication will obviously be reduced.
Proposal 14: Support an IAB-like ON/OFF indication (can be Alt-1), i.e.,
· An RRC signaling is introduced to indicate three types of resources, i.e., ‘hard’, ‘soft’ and ‘unavailable’:
· The forwarding over ‘hard’ resource cannot be overridden or cancelled by other indications.
· The forwarding over ‘soft’ resource can be overridden or cancelled, if necessary, particularly when the forwarding is preconfigured rather than dynamically indicated.
· No forwarding is indicated over ‘unavailable’ resource.
· The existing signaling frame structure of the indication of the IAB resource type can be reused as much as possible.
If the IAB-like ON/OFF indication can be supported as proposed above, an argument on the priority of the dynamic indication and the semi-static indication which were discussed by several companies can be resolved as well. For the important semi-static indication, e.g., used to forward SSB/RACH, the indication should have the highest priority. For other semi-static indication, e.g., used to forward normal UEs’ signal, the gNB can send another dynamic indication to override or cancel the semi-statically indicated beam if needed. Hence, the Alt-2 is necessary as well to further indicate the AC beam and/or the ON resource over the ‘soft’ resource, at least, in FR2.
Moreover, in the agreement on ON/OFF achieved in last WG meeting, there is one more thing which is unclear and needs to be clarified. In this agreement, only beam indication is mentioned and there is no further limitation. Literately, it can be beam indication for AC link or BH link or both. In our understanding, unless we intend to define default beams for AC link, reuse BH link beam indication to indicate ON is not always feasible. By the way, to define default beams for AC link is unnecessary. No promising application scenario can support this kind of definition.
Proposal 15: It should be the beam indication for the AC link which is used/reused to indicate the ON state (in Alt-2).
Another issue we would like to discuss here is about whether unified solution for FR1 and FR2 are necessary. In our understanding, it may be not because a unified solution of ON/OFF indication can result in unavoidable signaling redundancy. The circumstances of FR1 and FR2 are different. If a unified design for FR1 and FR2 is adopted, the redundancy of indication signaling could be either in FR1 or in FR2. For example, if the AC link beam indication is reused for ON indication (perhaps as Alt-2) and beam-based AC link is not supported in FR1, only one or two beam indexes are necessary for ON or ON/OFF and the others must be wasted. Similarly, if Alt-1 is adopted for both FR1 and FR2, the state ON would be actually indicated twice in FR2. Besides, some potential error cases need to be considered, such as, whether twice indications are in line with each other or not.
Proposal 16: Consider FR1 and FR2 separately,
· For FR2, the beam indication for AC link (Alt-2) over the ‘soft’ resource can be reused as dynamic ON indication.
· For FR1, a dedicated dynamic ON indication (Alt-1) rather than beam indication over the ‘soft’ resource is preferable.
· The design/frame structure of beam indication can be a reference. But the indication is dedicated for ON and is not a beam indication anymore.
5.3. Indication granularity
Considering that somehow the purpose of ON indication and beam indication is the same which are both for forwarding signal, the indication granularity of ON indication and beam indication should be the same as well. Hence, both slot-level and symbol-level should be supported.
Proposal 17: Both slot-level and symbol-level indication granularity are supported for ON/OFF indication.
5.4. Latency and application time of ON/OFF indication
As we discussed before, when the NCR/NCR-Fwd is in a deep OFF, the latency required for the NCR’s recovery from OFF to ON must be obvious. The latency should be discussed either in RAN1 or in RAN4. The latency is also relevant to the discussion on the application time of ON/OFF indication.
If the beam indication for AC link is reused as an ON indication, the latency and application time from OFF to ON (as well as from ON to OFF) can be determined by the latency and application time of the beam information for AC link. For example, 
· If a semi-persistent beam indication is reused to indicate an ON (i.e., semi-statically configured first and then activated by MAC CE or DCI), the ON duration starts from the Y-th symbol after NCR transmits the HARQ-ACK PUCCH corresponding to PDSCH/PDCCH carrying the beam indication (the activation). 
· If a dynamic beam indication is reused to indicate an ON (i.e., via a DCI), the ON duration starts from the Y-th symbol after NCR receives the PDCCH carrying the beam indication.
In a word, the starting point of the ON duration is the same as the start of the effective time of the reused beam indication. This is reasonable and can save the standardization efforts. The discussion on the application time of a beam indication for AC link and the ON indication implicitly indicated by the beam indication can be done together.
If the ON/OFF is indicated by a dedicated signaling (i.e., an explicit way as discussed before), the application time of ON or OFF may depend on the type of signaling of the indication. For example, if it is a dynamic indication, the ON or OFF starts from the Y-th symbol after the NCR receives the PDCCH carrying the dynamic indication.
Besides, the minimum required time Ymin for application of ON/OFF indication may need a separate discussion which may depend on the NCR capability.
Observation 8: The application time of ON/OFF indications may depend on the indication is a dedicated indication or an indication relying on a beam indication for AC link.
Proposal 18: 
· If a beam indication for AC link is used as an ON/OFF indication, the application time of the ON/OFF should be as same as the beam indication.
· If an ON/OFF is indicated by a dedicated signaling, the application time of the dedicated ON/OFF indication depends on it is a dynamic or semi-static signaling which carries the indication.
Proposal 19: The minimum required time Ymin for application of ON/OFF indication needs to be discussed separately, which may depend on the NCR capability.
5.5. Indication per bandwidth
As agreed in RAN4, Rel-17 RF repeaters can be frequency-selective. Some of RF repeaters can support more than one forwarding band. And these kinds of the RF repeaters can only forward signal via part of its working bands.
It is noticed that some contributions discussed frequency selective ON/OFF indication, or ON/OFF indication per bandwidth, or RB-level ON/OFF indication. Although the function seems attractive, we doubt that the cost required by this function may be high. For example, an ON/OFF indication per working bands may require multiple RF chains. Each working bands has its own RF chain. In this way, frequency selective ON/OFF indication over working bands can be supported. Moreover, if the ON/OFF indication can be RB-level or per bandwidth within one working band, an advantageous digital filter must be necessary to support such a selectivity. 
We suggest asking RAN4 the feasibility of the frequency-selective ON/OFF operation first, either per working band or per bandwidth within a working band. Then, if the answer is the frequency-selective ON/OFF is feasible and easily achievable and cheap enough, RAN1 can start the relevant discussion.
Proposal 20: 
· Send an LS to RAN4 to ask the feasibility and the requirement for hardware design to support frequency-selective ON/OFF operation.
· Before the feedback from RAN4 comes back to RAN1, suspend the relevant discussion.
5.6. Relation between NCR-Fwd ON/OFF and NCR-MT RRC states/DRX/Powe saving
Another issue relevant to the NCR-Fwd ON/OFF is the relation between the NCR-Fwd behavior and the NCR-MT behavior. 
In last RAN2 meeting, it has been agreed that the NCR-MT supports RRC_CONNECTED state and RRC_IDLE state. The RRC_INACTIVE state is still for further study. It is natural to consider the behavior of NCR-Fwd when NCR-MT is in an RRC-IDLE state or RRC-INACTIVE state. For example, it is possible that the NCR-Fwd can be completely OFF when NCR-MT is turned to RRC-IDLE. Or the NCR-Fwd can forward in some certain time domain resource during the RRC-IDLE/RRC-INACTIVE states of the NCR-MT, e.g., for the forwarding of common signal.
More specifically, the RRC release message can include a new parameter which is used to control NCR-Fwd’s ON-OFF behavior. If NCR-MT enters RRC_IDLE or RRC_INACTIVE from RRC_CONNECTED according to the RRC release message from gNB, the ON/OFF states of NCR-Fwd when NCR-MT is RRC_IDLE can be determined according to the new parameter:
· If the NCR-Fwd is indicated as OFF by the new parameter, the NCR-Fwd does not forward when NCR-MT is in RRC_IDLE state.
· If the NCR-Fwd is indicated as ON by the new parameter, the NCR-Fwd acts according to a semi-static beam configuration for AC link, a semi-static TDD configuration and a semi-static beam configuration for BH link which the NCR receives when the NCR-MT is in RRC_CONNECTED, if any.
Moreover, if the NCR-MT enters RRC_IDLE state due to RLF, the NCR-Fwd is staying in an OFF state when NCR-MT is in RRC_IDLE state.
Besides, so far, it is not clear whether NCR-MT would support DRX mode and/or UE power saving mode. If this is the case, what would be the behavior of the NCR-Fwd when the NCR-MT is in a sleep duration needs to be discussed.
Proposal 21: The RRC release message can include a new parameter which is used to control NCR-Fwd’s ON-OFF behavior. If NCR-MT enters RRC_IDLE or RRC_INACTIVE from RRC_CONNECTED according to the RRC release message from gNB, the ON/OFF states of NCR-Fwd when NCR-MT is RRC_IDLE can be determined according to the new parameter:
· If the NCR-Fwd is indicated as OFF by the new parameter, the NCR-Fwd does not forward when NCR-MT is in RRC_IDLE state.
· If the NCR-Fwd is indicated as ON by the new parameter, the NCR-Fwd acts according to a semi-static beam configuration for AC link, a semi-static TDD configuration and a semi-static beam configuration for BH link which the NCR receives when the NCR-MT is in RRC_CONNECTED, if any.
Proposal 22: If the NCR-MT enters RRC_IDLE state due to RLF, the NCR-Fwd is staying in an OFF state when NCR-MT is in RRC_IDLE state.
6. Simultaneous UL transmission of C-link and backhaul link
In RAN1#110b-e meeting, the following agreement was made.
	Agreement
The following aspects should be NCR capability:
· Simultaneous UL transmission of C-link and backhaul link
· Adaptive beam for C-link/backhaul-link
· Note-1: Fixed beam for C-link/backhaul link is default capability
· Note-2: TDMed UL transmission of C-link and backhaul link is default capability.
· FFS: How to define the capability for adaptive beam for C-link/backhaul-link


According to the agreement, up to NCR capability, simultaneous UL transmission of C-link and backhaul link (BH-link) can be supported. As shown in Figure 2, C-link and BH-link simultaneously transmit UL transmissions in the same carrier. In this case, it is necessary to discuss the framework of corresponding UL power control. For example, there are at least two options for consideration.
· Option 1: C-link and BH-link share a total maximum UL transmission power configuration.
· Option 2: C-link and BH-link have separate maximum UL transmission power configurations and share a total maximum UL transmission power configuration.


Figure 2. simultaneous UL transmission of C-link and backhaul link
Proposal 23: For UL power control when the NCR supports simultaneous UL transmission of C-link and BH-link, consider the following two options.
· Option 1: C-link and BH-link share a total maximum UL transmission power configuration.
· Option 2: C-link and BH-link have separate maximum UL transmission power configurations and share a total maximum UL transmission power configuration.
Furthermore, it may need to consider whether to drop one of the UL transmissions when the sum of the UL transmission power of C-link and BH-link is larger than the total maximum UL transmission power configuration. In our view, since the UL transmission of C-link is for controlling of NCR’s forwarding, it should be prioritized. Therefore, it is preferred to drop UL transmission of BH-link in such case.
Proposal 24: When the sum of the UL transmission power of C-link and BH-link is larger than the total maximum UL transmission power configuration, drop UL transmission of BH-link.
7. Conclusion
This contribution discusses side control information and NCR behavior. The observations and proposals are summarized as follows.
Backhaul link beam indication
Proposal 1: Only support semi-static indication of backhaul link beam.
· Do not support dynamic indication.

Access link beam indication
Observation 1: For definition of the association between beam index and the physical beam supported by NCR-Fwd for access link, Option 2 and Option 3 will complicate beam indication design.
· Option-2: Beams are independently indexed per beam type(i.e., all narrow/wide beams belong to the same type are indexed sequentially)
· Option-3: Beams are hierarchically indexed according to the spatial relationship between different beam types (i.e., narrow beams associated with the same wide beam are sequentially indexed, and different wide beams are sequentially indexed)
Proposal 2: For definition of the association between beam index and the physical beam supported by NCR-Fwd for access link, support Option 1, i.e., all beams are indexed sequentially regardless of the beam type for each beam.
Proposal 3: The beam index of an access link beam at least represents its beam type and spatial relationship with other access link beams.
· The beam type is: 
· wide beam, or,
· narrow beam
· The spatial relationship with other access link beams includes:
· associated wide beam/narrow beam, and
· neighbouring beam(s) in spatial domain
Proposal 4: NCR reports the beam indices of all access link beams supported by the NCR.
Proposal 5: For access link beam indication, support beam index value-based indication for single beam index per indication and bitmap-based indication for indication of multiple beams per indication.
Proposal 6: For dynamic access link beam indication, the beam indication in DCI indicates beam(s) from the set of beams activated by MAC CE. 
Proposal 7: For access link beam indication, the reference SCS for time domain resources is:
· Option 1: same as the reference SCS for UL/DL TDD configurations
· The reference SCS for UL/DL TDD configuration is configured/determined as for the legacy UE.
· Option 2: indicated by a new RRC parameter or a new DCI field.
Proposal 8: Regarding semi-static beam indication for access link, an RRC signalling provides multiple configurations which are indexed. Each configuration includes parameters for beam indication and time domain resources indication. 
Proposal 9: Regarding semi-persistent beam indication for access link, an RRC signaling provides multiple configurations. Each configuration at least includes parameters for periodicity.
· The parameters for beam indication and time domain resources within a period are included in the configuration provided by RRC or in DCI for activation.
Proposal 10: Regarding dynamic beam indication for access link, DCI indicates an access link beam and time domain resources corresponding to the indicated access link beam.
Proposal 11: Include priority indication in semi-static beam indication for access link.

TDD configuration
Proposal 12: For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the NCR-Fwd follows the TDD operation determined by NCR-MT based on the received SFI indication.
· For the remaining flexible symbols according to the received SFI indication, NCR-Fwd does not forward signals.

ON-OFF information
Observation 2: 
· Two OFF levels are necessary to mitigate interference to other devices and save power consumption of NCRs. The NCR behaviors in two OFF levels can be:
· Light OFF: The NCR-Fwd does not forward any signal. The NCR is ready for the forwarding. The NCR can recover from the light OFF very fast.
· Deep OFF: The NCR-Fwd does not forward any signal. The NCR can turn off some functionalities/part of circuitry to save power consumption by implementation if the gNB can guarantee that the NCR in a deep OFF would not be interrupted (at least not interrupted by dynamic indication).
· The clarification on NCR behaviors in light OFF and deep OFF is necessary. Defining light OFF and deep OFF are not necessary.
Observation 3: 
· If the gNB and the NCR do not share the same understanding on the NCR behaviors in the deep OFF, the gNB cannot precisely estimate how long is taken for the NCR-Fwd to start forwarding or turning on.
· Hence, without the same understanding on the NCR behaviors in the deep OFF, the deep OFF cannot be realized simply via NCR implementation manners.
Observation 4: The meaning of ‘ON’ needs to be clarified as well. There may be two types of ON:
· ON type 1 (The opposite of light OFF):
· NCR behavior: The NCR-Fwd forwards signal according to gNBs indication.
· ON type 2 (The opposite of deep OFF):
· NCR behavior: The NCR-Fwd are standing by to forward. The NCR-Fwd is being in a default OFF/light OFF when it doesn’t forward signal. When the gNB indicates the NCR to forward signal or to be ON, the NCR can rapidly recover from the default OFF/light OFF and execute the command from the gNB.
Proposal 13: To achieve the purposes of interference management and power saving of NCR, three states/three resource types should be supported:
· ON type 1: The NCR-Fwd forwards signal according to gNBs indication
· The indicated forwarding cannot be overridden or cancelled.
· ON type 2/light OFF: The NCR-Fwd may or may not forward signal. Even if the NCR does not forward signal, the NCR is ready for the forwarding. When the gNB indicates the NCR to forward a signal or to be ON, the NCR can rapidly recover from the light OFF.
· The indicated forwarding can be overridden or cancelled when necessary.
· Deep OFF: The NCR-Fwd does not forward any signal. The gNB can guarantee that the NCR in a deep OFF would not be interrupted.
Observation 5: The three states required for NCRs are very similar to what we have designed for the resource type indication of IAB nodes, i.e., the ‘hard’, ‘soft’ and ‘unavailable’.
Observation 6: There seem too many ON/OFF indication solutions/possibilities there for further discussion/ potential down selection, behind the agreements on ON/OFF.
Observation 7: If the existing signaling framework of the indication of the IAB resource type is adopted as a baseline, the standardization efforts required for the design of the NCR ON/OFF indication will obviously be reduced.
Proposal 14: Support an IAB-like ON/OFF indication (can be Alt-1), i.e.,
· An RRC signaling is introduced to indicate three types of resources, i.e., ‘hard’, ‘soft’ and ‘unavailable’:
· The forwarding over ‘hard’ resource cannot be overridden or cancelled by other indications.
· The forwarding over ‘soft’ resource can be overridden or cancelled, if necessary, particularly when the forwarding is preconfigured rather than dynamically indicated.
· No forwarding is indicated over ‘unavailable’ resource.
· The existing signaling frame structure of the indication of the IAB resource type can be reused as much as possible.

Proposal 15: It should be the beam indication for the AC link which is used/reused to indicate the ON state (in Alt-2).
Proposal 16: Consider FR1 and FR2 separately,
· For FR2, the beam indication for AC link (Alt-2) over the ‘soft’ resource can be reused as dynamic ON indication.
· For FR1, a dedicated dynamic ON indication (Alt-1) rather than beam indication over the ‘soft’ resource is preferable.
· The design/frame structure of beam indication can be a reference. But the indication is dedicated for ON and is not a beam indication anymore.
Proposal 17: Both slot-level and symbol-level indication granularity are supported for ON/OFF indication.
Observation 8: The application time of ON/OFF indications may depend on the indication is a dedicated indication or an indication relying on a beam indication for AC link.
Proposal 18: 
· If a beam indication for AC link is used as an ON/OFF indication, the application time of the ON/OFF should be as same as the beam indication.
· If an ON/OFF is indicated by a dedicated signaling, the application time of the dedicated ON/OFF indication depends on it is a dynamic or semi-static signaling which carries the indication.
Proposal 19: The minimum required time Ymin for application of ON/OFF indication needs to be discussed separately, which may depend on the NCR capability.
Proposal 20: 
· Send an LS to RAN4 to ask the feasibility and the requirement for hardware design to support frequency-selective ON/OFF operation.
· Before the feedback from RAN4 comes back to RAN1, suspend the relevant discussion.
Proposal 21: The RRC release message can include a new parameter which is used to control NCR-Fwd’s ON-OFF behavior. If NCR-MT enters RRC_IDLE or RRC_INACTIVE from RRC_CONNECTED according to the RRC release message from gNB, the ON/OFF states of NCR-Fwd when NCR-MT is RRC_IDLE can be determined according to the new parameter:
· If the NCR-Fwd is indicated as OFF by the new parameter, the NCR-Fwd does not forward when NCR-MT is in RRC_IDLE state.
· If the NCR-Fwd is indicated as ON by the new parameter, the NCR-Fwd acts according to a semi-static beam configuration for AC link, a semi-static TDD configuration and a semi-static beam configuration for BH link which the NCR receives when the NCR-MT is in RRC_CONNECTED, if any.
Proposal 22: If the NCR-MT enters RRC_IDLE state due to RLF, the NCR-Fwd is staying in an OFF state when NCR-MT is in RRC_IDLE state.

Simultaneous UL transmission of C-link and backhaul link
Proposal 23: For UL power control when the NCR supports simultaneous UL transmission of C-link and BH-link, consider the following two options.
· Option 1: C-link and BH-link share a total maximum UL transmission power configuration.
· Option 2: C-link and BH-link have separate maximum UL transmission power configurations and share a total maximum UL transmission power configuration.
Proposal 24: When the sum of the UL transmission power of C-link and BH-link is larger than the total maximum UL transmission power configuration, drop UL transmission of BH-link.
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