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Introduction
During RAN1#109-e meeting, RAN1 reached the following agreements [1]–[4]:

Agreement: The NCR-MT can obtain the necessary configuration for receiving the L1/L2 signaling of the side control information.
· Option 1: The necessary configuration is from RRC.
· Option 2: The necessary configuration is from OAM or hard-coded.
· Option 3: The necessary configuration is partially configured by RRC and partially configured by OAM or hard-coded.

Agreement: For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.

Agreement: From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication

Agreement: For an NCR-MT, the necessary configurations from RRC and/or OAM(or hard-coded) contain:
· The configurations of PHY channels to carry the L1/L2 signaling: 
· The configurations for receiving PDCCH and PDSCH.
· The configurations for transmitting PUCCH, if needed.
· The configurations for transmitting PUSCH, if needed.
· The configurations of L1/L2 signaling: 
· The configurations for DCI.
· The configurations for UCI, if needed.
· The configurations for MAC CE, if needed.

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

Conclusion: Legacy UE mechanism is sufficient to achieve DL/UL timing for NCR-MT.

Agreement: For the parameters in the necessary configurations for L1/L2 signaling, the existing parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC CE in Rel-17 are the baseline for further discussion.
· Note 1: This does not imply that all Rel-17 parameters will be supported for the NCR-MT. 
· Note 2: This does not imply that PUCCH, PUSCH, UCI and MAC CE are currently agreed to be supported. Further consideration is needed.

Agreement: For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.

Agreement: For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be unnecessary.
· FFS: the impact of internal delay

Agreement: The time at which the NCR applies an access link beam indication should be considered.

Agreement: As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling

This contribution provides our views on L1/L2 signaling of UL/DL TDD configuration and beam information, including the access beam’s time-domain granularity and ON/OFF information. We also provide our views on the configuration necessary for receiving the L1/L2 signaling of the side control information.

Discussion
In this contribution, we focus on the case where the NCR-MT and the NCR-Fwd operate in the same frequency range, and at least one of the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd. The discussion of other possible cases, such as when at least some of the NCR-MT’s carriers and the set of carriers forwarded by the NCR-Fwd, are at least partially in different frequency ranges or bandwidth parts, can be postponed to future releases.
UL/DL TDD configuration
Some RAN1#109-e agreements involve UL/DL TDD configuration; see below.
Agreement: For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.


In our companion contribution [5], we discuss handling flexible symbols. The main observation is that to relay DL and UL transmissions, the NCR-Fwd needs to know how to interpret flexible symbols. This is because, in general, the gNB can configure UEs “behind” the NCR with UE-specific UL/DL TDD configurations, which are unknown to the NCR-MT. There are at least three different strategies that the network can use to convey this information to the NCR:
· semi-static UL/DL TDD configuration of NCR-MT with signaling of PDCCH for DCI formats 0_0, 0_1, 0_2 for UL transmissions, and 1_0, 1_1, 1_2 for DL transmissions;
· dynamic UL/DL TDD configuration of NCR-MT with signaling of PDCCH for format 2_0 for both UL and DL transmissions;
· new dedicated side control information signaling.

We reproduce below our observations and proposals on this issue and refer the interested reader to [5][18] for details.	Comment by Kusashima, Naoki: There is no reference [18]	Comment by Flordelis, Jose: Thanks, forgot to run F9.
Observation 1.  The NCR’s UL/DL TDD configuration restricts those of the UEs “behind” the NCR. Therefore, the network needs to indicate to the NCR how to interpret flexible symbols, i.e., when to turn flexible symbols into DL and UL ones, to match the UL/DL TDD configuration of the intended UEs.

Observation 2.  Semi-static UL/DL TDD configuration with overriding of flexible symbols might not provide the required functionality for relaying DL and UL transmissions over the overridden flexible symbols.


Observation 3.  Handling of flexible symbols using PDCCHs for DCI format 2_0, intended for the NCR-MT, seems a feasible alternative. gNB can still configure UEs behind the NCR with semi-static UL/DL TDD configurations.

Observation 4.  Side control information can also be considered to handle flexible symbols. However, solutions involving already standardized UE functionality should be favored whenever possible.

Proposal 1.  For handling the flexible symbols of UL/DL TDD configurations of NCR, at least the following alternative can should be considered:
· Overriding flexible symbols using PDCCH for DCI formats 0_0, 0_1, 0_2 for forwarding UL transmissions, and DCI formats 1_0, 1_1, 1_2 for forwarding DL transmissions, by the NCR-Fwd.
· Overriding flexible symbols using PDCCH for DCI format 2_0, i.e., dynamic UL/DL TDD configurations, for forwarding UL and DL transmissions by the NCR-Fwd.
· Dedicated signaling, i.e., new side control information.


Beam information
The following agreements relate to signaling of beam information. There are some open issues:

Agreement: From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication

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

Agreement: The time at which the NCR applies an access link beam indication should be considered.

Agreement: As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling

We have discussed the mechanisms that can be considered for the signaling of the access link beamforming of the NCR-Fwd in [5][18]. There, we found that both dynamic and semi-static beam indications may be helpful for signaling the access beams. All options can be considered during the WI phase; if a down-selection is required, we prefer Option #2-3.	Comment by Kusashima, Naoki: There is no reference [18].	Comment by Flordelis, Jose: Thanks, forgot to run F9.
Proposal 2.  For the mechanisms for signaling the access link beamforming of the NCR-Fwd, consider all three options. If down-selection is required, then #Option 2-3, “Dynamic beam indication and semi-static beam indication,” is preferred.	Comment by Zhao, Kun: When we say we consider all options, isn’t it equal to option 3?	Comment by Flordelis, Jose: Sort of. Although, in my understanding, option 1 and 2 are mutually exclusive, while option 3 would mandate both mechanisms,	Comment by Zhao, Kun [2]: I think it is just say ”consider “ right now, I guess it is wouldn’t now mandate anything. But it is fine for me as it is

Another open issue relates to the way to indicate the access link beam. Two options have been suggested: a beam index (option 1) and an index of a source RS (option 2). Option 1 is the most straightforward. Essentially, the NCR-Fwd can signal to the gNB a number  of access link beams that are available. Then, the gNB can use an index  to select a beam for the access link. On the other hand, the BS might be willing to handle  NCR-Fwd access beams. In general, these two numbers are different:
· If , the gNB may indicate to the NCR that all  access beams are to be used.
· If , the BS may select  out of the  NCR-Fwd access beams, e.g., by indicating the indices of the beams selected. To inform beam selection by the gNB, the NCR-Fwd may also signal some properties of the  access beams. Alternatively, the gNB might delegate to the NCR the job of selecting  access beams.

Figure 1 illustrates this procedure. Once a mapping between beam indices and actual NCR-Fwd access-link beams has been established, e.g., by following the procedure above, the gNB can start measuring the quality the  access-link beams as perceived by the UEs. This can be done using, e.g., SS/PBCH blocks or CSI-RS signals forwarded by the NCR-Fwd on said beams. Note that this whole procedure is transparent to the UEs, which see the access-link beams as legacy source RSs.

[bookmark: _Ref101916582][image: ]
[bookmark: _Ref111125855]Figure 1. Procedure for determining the number  of access beams.

We now turn to Option 2. This option is a bit more unclear. First, what would be the source RS? In the legacy spec, typical source RSs are:	Comment by Zhao, Kun: This is just to share my personal understanding but not really a comment:
All the beam management RS can be used as source RSs, and reapter can associate the source RS and its beam autonousmly or in some other ways, and the gNB just need to tell the repeater which source RS index it preferred and repeater need to select the beam accordingly. This is somehow will be similar to how UE beam is selected in FR2 as for today.  	Comment by Flordelis, Jose: Yes, that is the idea for NCR-MT C-link and NCR-Fwd backhaul link. For the NCR-Fwd access link, however, the gNB cannot quasi-colocate with the access beams, and hence all of this discussion.
· an SSB-Index;
· an NZP-CSI-RS-ResourceId; or
· an SRS-resource for which usage has been set to ‘beamManagement.’

If the latter is selected, SRSs are generated by one or more UEs. In this case, the NCR-Fwd effectively tracks one or more UE SRSs. For example, each “index of a source RS” might be associated with an SRS of one UE. The NCR-Fwd could be configured with, or informed about, the SRS configurations of the UE(s) so that the NCR-Fwd can autonomously select a suitable receive spatial filter for each of the “indices.” Since the UEs may move, this procedure must be repeated periodically. In any case, the meaning of using an “index of a source RS” in the access link beam indication is still unclear; more study is needed. Which leads us to the following observation and proposal:

Observation 5.  For the NCR-Fwd access link, there is no obvious QCL source RS. The meaning of using an “index of a source RS” in the access link beam indication needs to be clarified.

Proposal 3.  For the access link beam indication, consider both Option 1, i.e., a beam index, and Option 2, i.e., an index of a source RS, during the WI phase. A combination of Option 1 and Option 2 can also be considered.

Proposal 4.  For the time granularity of the access link beam indication, at least symbol-level time granularity should be considered.


ON/OFF information	
Regarding the mechanisms for signaling of ON/OFF information to the NCR-Fwd, delegates agreed during RAN1#109-e to consider dynamic and semi-static indications:

Agreement: For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.

However, we foresee that interference from broadcast signals, such as SS/PBCH signals, will mainly occur as period patterns of interference. Therefore, periodic indications of NCR-Fwd ON/OFF patterns seem an efficient way to manage such periodic interference. We, therefore, propose the following:

Proposal 5.  For indication of NCR-Fwd ON/OFF information for efficient interference management and improved energy efficiency, consider the following mechanisms:
· dynamic and semi-static indications for the forwarding of cell-specific signals/channels;
· periodic indications for the forwarding of broadcast signals/channels.
 
Figure 2Figure 2 shows an ON/OFF or activity pattern superimposed with a DL/UL TDD pattern. In this example, the activity pattern has a transmission periodicity of 8 slots, while a four-slot long UL/DL TDD pattern has been configured. When the activity pattern is applied, the resulting UL/DL TDD pattern becomes 8-slot long, during two of which the NCR-RU is switched OFF—indicated by dashes.

[image: ]
[bookmark: _Ref111118200]Figure 2. Composition of an ON/OFF pattern, or activity pattern, and a UL/DL TDD pattern.

Configuration for receiving L1/L2 signaling
The last topic we discuss in this contribution concerns the configuration for receiving L1/L2 signaling. According to a RAN1#109-e agreement, the necessary configuration information can be obtained from RRC, from OAM, including hard-coded configuration information, or a combination of the two:

Agreement: The NCR-MT can obtain the necessary configuration for receiving the L1/L2 signaling of the side control information.
· Option 1: The necessary configuration is from RRC.
· Option 2: The necessary configuration is from OAM or hard-coded.
· Option 3: The necessary configuration is partially configured by RRC and partially configured by OAM or hard-coded.

We believe obtaining the necessary configuration via RRC should be the preferred option. Instead, obtaining the necessary configuration information via OAM can lead to reduced inter-operability between the NCR and the network. 
Observation 6.  Obtaining configuration information from OAM (Option 2) can lead to reduced inter-operability between the NCR and the gNB.

Proposal 6.  Obtaining the necessary NCR-MT configuration information for receiving the L1/L2 signaling of SCI from RRC should be preferredis supported (Option 1). Instead, obtaining configuration information from OAM can lead to reduced inter-operability between the NCR and the gNB.	Comment by Zhao, Kun: I think our RAN2 contribution propose to do this in RRC (option 1), should we consider to align it with our RAN2 contribution? 	Comment by Flordelis, Jose: Thanks. I’ve added option 1, explicitly, and moved OAM into an observation, to avoid confusion. Do you think this clearly aligned with RAN2 now?	Comment by Zhao, Kun [2]: Thanks, it is fine for me.  Just a minor thing “should be preferred ” is a bit strange, maybe “is preferred” is better 	Comment by Kusashima, Naoki: Basically agree. ”prefer” implies just our opinion. Other word may be better, e.g. “should be supported” or .	Comment by Flordelis, Jose: Thanks, changed. In the end I use “is supported,” to kind of exclude the other options.

At any rate, once configured, the NCR-MT should behave like any legacy Rel-17 UE, at least regarding the portion of the Rel-17 specification that RAN1 agrees upon—see RAN1#109-e agreements: “For the parameters in the necessary configurations for L1/L2 signaling, the existing parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC CE in Rel-17 are the baseline for further discussion”). In other words, the behavior of the NCR-MT shall not be “hard-coded.” 
Proposal 7. [bookmark: _Ref101899917] Whether the NCR-MT necessary configuration for receiving L1/L2 signaling of SCI comes from RRC or OAM, the NCR-MT behaves according to said L1/L2 signaling, when available, and to Rel-17 otherwise. That is, the behavior of the NCR-MT is not hard-coded.

[bookmark: _Hlk47387515]Conclusions
We made the following observations and proposals:
Observation 1.  The NCR’s UL/DL TDD configuration restricts those of the UEs “behind” the NCR. Therefore, the network needs to indicate to the NCR how to interpret flexible symbols, i.e., when to turn flexible symbols into DL and UL ones, to match the UL/DL TDD configuration of the intended UEs.
Observation 2.  Semi-static UL/DL TDD configuration with overriding of flexible symbols might not provide the required functionality for relaying DL and UL transmissions over the overridden flexible symbols.
Observation 3.  Handling of flexible symbols using PDCCHs for DCI format 2_0, intended for the NCR-MT, seems a feasible alternative. gNB can still configure UEs behind the NCR with semi-static UL/DL TDD configurations.
Observation 4.  Side control information can also be considered to handle flexible symbols. However, solutions involving already standardized UE functionality should be favored whenever possible.
Observation 5.  For the NCR-Fwd access link, there is no obvious QCL source RS. The meaning of using an “index of a source RS” in the access link beam indication needs to be clarified.
Observation 6.  Obtaining configuration information from OAM (Option 2) can lead to reduced inter-operability between the NCR and the gNB.

Proposal 1.  For handling the flexible symbols of UL/DL TDD configurations of NCR, at least the following alternative can should be considered:
· Overriding flexible symbols using PDCCH for DCI formats 0_0, 0_1, 0_2 for forwarding UL transmissions, and DCI formats 1_0, 1_1, 1_2 for forwarding DL transmissions, by the NCR-Fwd.
· Overriding flexible symbols using PDCCH for DCI format 2_0, i.e., dynamic UL/DL TDD configurations, for forwarding UL and DL transmissions by the NCR-Fwd.
· Dedicated signaling, i.e., new side control information.
Proposal 2.  For the mechanisms for signaling the access link beamforming of the NCR-Fwd, consider all three options. If down-selection is required, then #Option 2-3, “Dynamic beam indication and semi-static beam indication,” is preferred.
Proposal 3.  For the access link beam indication, consider both Option 1, i.e., a beam index, and Option 2, i.e., an index of a source RS, during the WI phase. A combination of Option 1 and Option 2 can also be considered.
Proposal 4.  For the time granularity of the access link beam indication, at least symbol-level time granularity should be considered.
Proposal 5.  For indication of NCR-Fwd ON/OFF information for efficient interference management and improved energy efficiency, consider the following mechanisms:
· dynamic and semi-static indications for the forwarding of cell-specific signals/channels;
· periodic indications for the forwarding of broadcast signals/channels.
Proposal 6.  Obtaining the necessary NCR-MT configuration information for receiving the L1/L2 signaling of SCI from RRC should is supported (Option 1)Obtaining the necessary NCR-MT configuration information for receiving the L1/L2 signaling of SCI from RRC should be preferred. Instead, obtaining configuration information from OAM can lead to reduced inter-operability between the NCR and the gNB.
Proposal 7.  Whether the NCR-MT necessary configuration for receiving L1/L2 signaling of SCI comes from RRC or OAM, the NCR-MT behaves according to said L1/L2 signaling, when available, and to Rel-17 otherwise. That is, the behavior of the NCR-MT is not hard-coded.
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