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Introduction
In RAN#97-e meeting, a work item on NR network-controlled repeaters is approved and the corresponding description is provided in [1]. According to the WID, objectives of the work item are as follows in RAN1 perspective.
	Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.

Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed



In this contribution, we discuss other aspects for NCR including control plane signalling and procedures relevant to RAN1

HARQ-ACK for PDCCH carrying side control information
In the previous RAN1#110bis-e, following agreement regarding HARQ-ACK feedback for side control information was made. [2] It is agreed to support HARQ-ACK feedback for PDSCH carrying the side control information and it is remained to be FFS whether to support HARQ-ACK feedback for PDCCH carrying the side control information.
	Agreement
HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.



In this section, the pros/cons of HARQ-ACK feedback for PDCCH, necessary parameters for HARQ-ACK transmission, and required behavior when supporting it are discussed.
In order to determine whether to support HARQ-ACK for PDCCH carrying side control information, it is necessary to consider the advantages and disadvantages of transmission. 
The side control information such as access link beam indication, OFF state indication is important information that directly affects the performance of NCR, so it is important for gNB to aware of whether NCR received the side control information successfully or not. The explicit reporting, i.e., HARQ-ACK feedback, may have an advantage in ambiguity resolution for side control information transmission/reception between NCR and gNB. On the other hand, if NCR transmits HARQ-ACK for side control information carrying PDCCH, side control information should be applied after transmitting HARQ-ACK to enable gNB an NCR remain in the same page regarding on side control information reception. That could be a possible downside to latency. Even when considering NCR without uplink simultaneous transmission capability of backhaul link and C-link, since UL transmission of C-link and  backhaul link are TDM-ed, more the transmission opportunities are given to the C-link for HARQ-ACK for PDCCH carrying side control information, UL transmission of the backhaul link is delayed more. Conversely, when UL transmission of the backhaul link is prioritized for UEs served from NCR, the latency of HARQ-ACK for PDCCH carrying side control information will be increased.
However, if there is a mismatch in the understanding between the NCR and the gNB on the reception and application of the information of the NCR ON/OFF indication and beam indication, a link reliability can be problematic from the UEs’ served by NCR point of view and reliability on measurement from UEs served by NCR can also be problematic from the gNB’s point of view, even the HARQ-ACK codebook determination of NCR is perfectly fine.

Observation 1. While HARQ-ACK for PDCCH carrying side control information can be helpful for ambiguity resolution between NCR and gNB on reception of side control information, it may cause an increase in latency, and the increment issue could be more serious when NCR without simultaneous UL transmission of C-link and backhaul link capability is considered.

Whether to introduce the HARQ-ACK for PDCCH carrying side control information should be determined in consideration of the above advantages and disadvantages as well as the characteristics of the existing HARQ-ACK for PDCCH. Even in the case of the conventional UE, the HARQ-ACK feedback operation for the PDCCH is supported for certain cases. For example, an indication of SPS PDSCH release DCI, TCI state update DCI, and SCell dormancy can be transmitted through a DL grant DCIs (e.g., DCI format 1_0, 1_1, 1_2), and in this case, the UE transmits HARQ-ACK for the PDCCH. In all cases, the HARQ-ACK for the PDCCH is transmitted by reusing the existing HARQ-ACK transmission mechanism for the PDSCH. In such cases, the parameters and method for transmitting the HARQ-ACK for the PDSCH according to the DL grant is reused instead of the designation parameters and methods for HARQ-ACK transmission in response to PDCCH. For this purpose, even if the actual PDSCH is not scheduled by the corresponding DCI, information on the PDSCH transmission resource is indicated by the DCI. Through this, HARQ-ACK information for the PDCCH is transmitted as a resource for HARQ-ACK transmission for the corresponding PDSCH. Therefore, to support HARQ-ACK for PDCCH carrying side control information by reusing the existing mechanism, the existing DL grant and PDSCH related parameters are included in DCI transmitting side control information, or parameters required for HARQ-ACK transmission should be included in DCI transmitting side control information.
To support transmission of HARQ-ACK for PDCCH carrying side control information, it is necessary to determine HARQ-ACK feedback timing for transmitting HARQ-ACK, PUCCH resource, and HARQ-ACK codebook.
· For determination of HARQ-ACK feedback timing, two parameters, K0 and K1 are required. K0 and K1 respectively represent DL grant PDCCH to corresponding PDSCH transmission and PDSCH to the slot with the corresponding HARQ-ACK transmission as slot granularity. 
· The K0 value is indicated through the time domain resource assignment field of DCI composed of 4 bits, which indicates the row index of the PDSCH-TimeDomainResourceAllocationList configured by RRC. In the case of the K1 value, it is indicated through the PDSCH-to-HARQ feedback timing indicator field of DCI consisting of up to 3 bits, which indicates the index of dl-DataToUL-ACK or dl-DataToUL-ACKForDCIFormat1_2 configured by RRC. That is, both K0 and K1 values indicate one of the values of the IEs configured by RRC via DCI, and when the current configuration is reused as it is, DCI fields of a minimum of 5 bits and a maximum of 7 bits are required to determine the two values.
· For the PUCCH resource determination, it is designated which PUCCH resource to be used among the PUCCH resource sets configured by RRC in advance according to the combination of PRI, CCE index, and UCI payload size. Since only PRI is delivered via DCI, a PRI field of 3 bits is required in the DCI in order to determine the PUCCH resource in the existing method.
· There are two types of HARQ-ACK codebooks; semi-static (type-1) HARQ-ACK codebook and dynamic (type-2) HARQ-ACK codebook. One of them is indicated by RRC configuration. To determine the bit position of HARQ-ACK codebook for semi-static codebook, PDSCH-to-HARQ-ACK timing, i.e., K1, and SLIV are required. For these, a time domain resource assignment field of 4 bits and a PDSCH-to-HARQ feedback timing indicator field of up to 3 bits are required.
On the other hand, as a feature of the type-2 codebook, the number of bits in an ACK/NACK report is variable, can be inferred from the name. Since an ambiguity on the number of bits in an ACK/NACK report between the UE and the gNB may occur, in order to prevent this, the counter-downlink assignment index (C-DAI) and/or the total-downlink assignment index (C-DAI) are adopted and indicated through the dedicated bit field of up to 4 bits of DCI. Therefore, DAI information is required to transmit HARQ-ACK using the dynamic HARQ-ACK codebook.
As described above, DCI field for indicating K0, SLIV, K1, PRI, C-DAI, and T-DAI should be provided in case of supporting HARQ-ACK transmission for DCI carrying side control information of NCR in order to inherit the existing HARQ-ACK structure, although this could cause increased overhead of DCI carrying side control information. Since the existing DCI format is used not only for the purpose of transmitting the HARQ-ACK for the corresponding DCI but also for the purpose of the DL grant, that is, to schedule the PDSCH, these fields for HARQ-ACK is not redundant. However, if the DCI format for side control information does not support the DL grant, this field may be redundant.
On the other hand, in DCI format for side control information, it could be considered that only the minimum information for HARQ-ACK transmission is placed as a dedicated bit field for DCI overhead reduction. In this case, it is necessary to discuss which information should be indicated by DCI and how to determine information that is not indicated by DCI among the information necessary to transmit HARQ-ACK feedback of DCI carrying side control information.

Observation 2. In order to support HARQ-ACK feedback for PDCCH carrying side control information while reusing the existing mechanism, the following fields should be included in DCI for side control information.
· For semi-static HARQ-ACK codebook, at least Time domain resource assignment field, PDSCH-to-HARQ feedback timing indicator field and PUCCH resource indicator field
· For dynamic HARQ-ACK codebook, Downlink assignment index field

Proposal 1. To support HARQ-ACK feedback for PDCCH carrying side control information, reducing DCI fields required for HARQ-ACK feedback should be considered.

DCI design for side control information
In order to indicate side control information for access link of NCR-Fwd, two kinds of DCIs would be necessary. One is DCI that carries aperiodic side control information, and the other is DCI for activating/deactivation of semi-persistent side control information configuration.

DCI for side control information
According to results of discussion in our companion contribution, the following fields are required for the DCI that carries aperiodic side control information [3].
· Beam/OFF indication field
Beam indication and OFF state indication can be supported by aperiodic side control information. As suggested in our companion contribution, instead of indicating the beam and OFF state information separately, combined indication by the unified field (i.e., Beam/OFF indication field) can be considered. For example, as in Table 1, a field value of ‘0’ may mean an OFF state, and other values may mean a specific beam index respectively.
In addition, in order to support the indication of the beam and OFF state for multiple of time resources, multiple of Beam/OFF indication fields can exist in a DCI.
Table 1. An example of Beam/OFF indication field
	value
	description

	0
	OFF

	1
	Beam index 0

	2
	Beam index 1

	…
	…

	N
	Beam index N-1


· Time resource indication field
A Time resource indication field will be needed to indicate the time resource to which the Beam/OFF indication is applied. For a time resource composed of continuous symbols within a slot, slot location and SLIV value may be indicated by this field.
Multiple of Time resource indication field can be included in a DCI to support the indication of the beam and OFF state for multiple of time resources.
· HARQ-ACK for DCI related fields
As observed in Section 2, if HARQ-ACK feedback for PDCCH carrying side control information is supported, some information needs to be indicated by DCI. In order to reuse the existing HARQ-ACK feedback mechanism as much as possible, all or part of the following fields may be required for DCI for side control information.
· Time domain resource assignment
· PDSCH-to-HARQ_feedback timing indicator
· PUCCH resource indicator
· Downlink assignment index
Additionally, a method for reducing fields required for DCI overhead reduction may be considered. In this case, the required information for HARQ-ACK feedback may be different.

Regarding ON-OFF indication, explicit ON indication seems not necessary and OFF indication can be combined with beam indication. Therefore, an explicit field to indicate ON and/or OFF state indication is not needed.
In terms of backhaul link beam indication, only semi-static configuration will be sufficient, so a DCI field is not needed for this.

Proposal 2: For DCI for side control information, following fields are necessary.
· Beam/OFF indication field
· Time resource indication field
· HARQ-ACK for DCI related fields

In order to support beam/OFF state indication for multiple time resources, multiple of Beam/OFF indication field and Time resource indication field can be included in a DCI. In this case, each beam/OFF indication may correspond to a specific time resource indication.
For this purpose, for example, the same number of Beam/OFF indication fields and the Time resource indication fields can be carried in the DCI. Then, the indication by Beam/OFF indication 1 field is applied to the time resource indicated in the Time resource indication 1 field, and the indication by Beam/OFF indication 2 field is applied to the time resource indicated in the Time resource indication 2 field.
In this case, the DCI size may vary according to the number of such fields. In order for NCR-MT to monitor PDCCH, it is necessary to know the DCI size. For this, the number of Beam/OFF indication or Time resource indication field carried by DCI can be configured from the network.

Proposal 3: To determine DCI size for side control information, the number of fields for Beam/OFF indication can be configured.

To design a DCI format carrying side control information, it is necessary to determine whether the DCI is NCR-MT specific or NCR-MT group specific.
In general, UE-group specific DCI format is beneficial when the amount of information to be transmitted to one UE is not large so that information for a plurality of UEs can be transmitted simultaneously. Also, it is appropriate when the same information needs to be transmitted to multiple UEs.
However, the amount of bits required for side control information seems not small considering that multiple of Beam/OFF indication and Time resource indication fields and several HARQ-ACK for DCI related fields should be included in side control information. In addition, considering that side control information is NCR-MT specific information, it is not expected that the same side control information will be transmitted to multiple NCR-MTs.
Therefore, it would be appropriate for the DCI for transmitting side control information to be NCR-MT specific rather than NCR-MT group specific.

Proposal 4: NCR-MT specific DCI is supported to indicate aperiodic side control information.

It is not appropriate to reuse the legacy DCI format used for DL/UL data scheduling for side control information. Side control information is not information for data scheduling and is for a purpose completely different from the legacy DL/UL grant. In addition, there are lots of redundant fields that are not necessary to carry side control information in the DL/UL grant. Therefore, it is proposed to introduce a new DCI format for DCI form side control information.

Proposal 5: New DCI format is introduced for DCI for side control information.

DCI for activation/deactivation of semi-persistent side control information
As suggested in our companion contribution, the configuration of semi-persistent side control information can be signaled by RRC, and activation/deactivation of each configuration can be performed by DCI [3]. For this, the following information needs to be indicated by DCI for activation/deactivation of semi-persistent side control information.
· Configuration index field
In order to activate/deactivate each configuration of semi-persistent side control information, an index for a configuration to which activation/deactivation indication is applied should be indicated.
· Activate/Deactivate indication field
A field indicating whether the configuration index indicated by Configuration index field is activated or deactivated is necessary.
· HARQ-ACK for DCI related fields
For reliable operation of NCR-Fwd, HARQ-ACK feedback for DCI can be considered so that gNB can determine whether NCR-MT has received DCI for activation/deactivation of semi-persistent side control information or not. For this, as in DCI for side control information, all or part of the following fields may be required.
· Time domain resource assignment
· PDSCH-to-HARQ_feedback timing indicator
· PUCCH resource indicator
· Downlink assignment index
If a method for reducing fields required for DCI overhead reduction is applied, the required information for HARQ-ACK feedback may be changed.

Proposal 6: For DCI for activation/deactivation of semi-persistent side control information, following fields are necessary.
· Configuration index field
· Activate/Deactivate indication field
· HARQ-ACK for DCI related fields

For DCI indicating activation/deactivation indication of semi-persistent side control information, a dedicated DCI format different from DCI format used for aperiodic side control information can be used. Alternatively, the same DCI format as DCI for side control information may be used, but DCI fields may be interpreted differently for activation/deactivation of semi-persistent side control information.
In order for NCR-MT to distinguish between DCI for activation/deactivation of semi-persistent side control information and DCI for side control information, DCI for activation/deactivation of semi-persistent side control information can be CRC scrambled by a dedicated RNTI, where the RNTI is different with a RNTI used for DCI for side control information.

Proposal 7: For DCI for activation/deactivation of semi-persistent side control information, it is necessary to discuss whether to use the same DCI format as DCI for side control information or to use a dedicated DCI format.

Summary
In this contribution, we discuss other aspects for NCR and obtained following observations and proposal. 

HARQ-ACK for PDCCH carrying side control information
Observation 1. While HARQ-ACK for PDCCH carrying side control information can be helpful for ambiguity resolution between NCR and gNB on reception of side control information, it may cause an increase in latency, and the increment issue could be more serious when NCR without simultaneous UL transmission of C-link and backhaul link capability is considered.
Observation 2. In order to support HARQ-ACK feedback for PDCCH carrying side control information while reusing the existing mechanism, the following fields should be included in DCI for side control information.
· For semi-static HARQ-ACK codebook, at least Time domain resource assignment field, PDSCH-to-HARQ feedback timing indicator field and PUCCH resource indicator field
· For dynamic HARQ-ACK codebook, Downlink assignment index field
Proposal 1. To support HARQ-ACK feedback for PDCCH carrying side control information, reducing DCI fields required for HARQ-ACK feedback should be considered.

DCI design for side control information
Proposal 2: For DCI for side control information, following fields are necessary.
· Beam/OFF indication field
· Time resource indication field
· HARQ-ACK for DCI related fields
Proposal 3: To determine DCI size for side control information, the number of fields for Beam/OFF indication can be configured.
Proposal 4: NCR-MT specific DCI is supported to indicate aperiodic side control information.
Proposal 5: New DCI format is introduced for DCI for side control information.
Proposal 6: For DCI for activation/deactivation of semi-persistent side control information, following fields are necessary.
· Configuration index field
· Activate/Deactivate indication field
· HARQ-ACK for DCI related fields
Proposal 7: For DCI for activation/deactivation of semi-persistent side control information, it is necessary to discuss whether to use the same DCI format as DCI for side control information or to use a dedicated DCI format.
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