Page 7
Draft prETS 300 ???: Month YYYY
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #110	R1- 2207367
Toulouse, France, August 22nd – 26th, 2022

[bookmark: _Ref298777854]Agenda Item:	9.8.2
Source: 	LG Electronics
Title: 	Discussion on L1/L2 signaling for side control information
Document for:	Discussion and decision
Introduction
In RAN#94-e meeting, a study item on NR network-controlled repeaters is approved and the corresponding description is provided in [1]. According to the SID, side control information required for NCR was discussed in the last meeting. Agreements made from the discussion are captured in Annex. 
In this contribution, we continue the discussion on the each candidate side control information to enable NR network-controlled repeaters.

Side control information for NCR
Beam information
In this section, our view for the beam adaptation for the NCR deployed environment is provided.
For better explanation, specific example is considered. Considering the downlink beamforming for transmission of gNB is based on the finite number of directions, let us say 4, and the NCR-Fwd has finite number of directions for the beamforming of downlink transmission which is 4, then the effective number of beams for the cell is equal to 8. Those 8 beams can be differentiated by different SSB indices.
This example for beamforming operation is shown in Figure 2 and Table 1. In the example of Figure 2 and Table 1, four different downlink beam directions transmitted directly from the gNB through SSB #0, #1, #2, and 3 are distinguished, and four DL beam directions forwarded and transmitted by NCR-Fwd, i.e., SSB #4, #5, #6, #7, can be distinguished. The UE can perform measurement on the direct link from the gNB through SSB #0 ~ #3, and the UE can also perform measurement on the forwarding link from NCR-Fwd through SSB #4 ~ #7.
On the time resource that SSB #0, #1, #2, and #3 is transmitted, gNB can transmit downlink on different directions by applying Tx beam 0, 1, 2, and 3. In that specific resources, NCR-Fwd needs not to be operated (i.e., OFF operation of forwarding link) for preventing the signal transmitted on the direct link from gNB and the signal transmitted on the forwarding link from the NCR-Fwd to be combined.
[bookmark: _GoBack]On the other hand, on the time resources that SSB #4, #5, #6, and #7 is transmitted, NCR-Fwd can transmit downlink via forwarding on different directions by applying Tx beam A, B, C, and D. In such case, on the time resource that SSB #4, #5, #6, and #7 is transmitted, it can be considered that gNB transmits SSB for NCR-Fwd with the best beam direction. It is illustrated in the Figure 2 that the best beam direction for gNB to NCR is Tx beam 2 for gNB, therefore on the time resources that SSB #4, #5, #6, and #7 is transmitted, gNB transmits downlink on the direction of Tx beam 2.

[image: ]
Figure 2. An example of SSB transmission of gNB and NCR

Table 1. An example of SSB transmission of gNB and NCR
	
	SSB#0
	SSB#1
	SSB#2
	SSB#3
	SSB#4
	SSB#5
	SSB#6
	SSB#7

	gNB
	Tx Beam 0
	Tx Beam 1
	Tx Beam#2
	Tx Beam 3
	Tx Beam 2
	Tx Beam 2
	Tx Beam 2
	Tx Beam 2

	NCR-Fwd
	OFF
	OFF
	OFF
	OFF
	Tx Beam A
	Tx Beam B
	Tx Beam C
	Tx Beam D



Access link beam adaptation
As given in our companion contribution, for the beamforming operation of NCR-Fwd on the access link, the association between SSB indices that NCR-Fwd forwards and the downlink Tx beam that NCR-Fwd applies can be considered.
For the time domain level of beam indication for access link, semi-static indication and dynamic indication can be considered. In our view, both of semi-static and dynamic indication are necessary since both of semi-static signal and dynamic signal is forwarded by NCR-Fwd. One of the possible way is that semi-static and/or periodic beam information indication associated to the time resources, and dynamic and/or aperiodic beam information can be indicated additionally.
Following two options were discussed in the previous meeting for the beam direction indication of access link.
· Option 1: A beam index
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
If option 2 is supported, similar to the TCI state configured for the UE, defining the TCI state in downlink transmission perspective and mapping that TCI state ID with SSB index via QCL relationship can be considered. In that case, TCI state ID can be indicated by gNB to indicate the downlink Tx beam that NCR-Fwd applies. On the time resource that certain TCI state ID is indicated by gNB to NCR, NCR-Fwd should transmit downlink signal applying the indicated Tx beam for the transmission of source SSB corresponding to the TCI state ID. In this case, on the time resource that each source SSB is transmitted, the NCR-Fwd may determine the downlink Tx beam direction without a separate beam indication, and the downlink Tx beam direction according to the SSB indices may be determined by NCR implementation.
On the other hand, if option 1 is supported, without the NCR-Fwd knowing the association information between the SSB indices and the downlink Tx beam, on all time resources including the time resource for forwarding the SSB, the downlink Tx beam direction to be applied can be determined according to the beam indication from gNB. In this case, the gNB may indicate a beam index applied for each time resource for beam indication, and the downlink Tx beam direction applied by the NCR-Fwd for each beam index can be up to implementation of NCR.
One of the considerable point is granularity of beam indication. Both of slot level and symbol level can be considered for the time granularity. Considering cases such as different UE is supported within a slot or different indices of SS/PBCH block is transmitted in the same slot, symbol level granularity for beam indication is desirable. Addition to that, application time for beam indication should be considered. To be specific, determination of when the received beam indication is applied in case of reception of the beam indication.

Proposal 1: A method for access link beam indication needs to be discussed. Specifically, time domain indication level, direction indication, granularity, application should be discussed.

Backhaul link beam adaptation
It was agreed in the last meeting [2] that for the beam of backhaul link of NCR-Fwd, same TCI state is assumed which is configured for the operation of NCR-MT. To support this, it needs to be discussed that which of TCI states among multiple configured TCI states for NCR-MT is to be applied for downlink reception of NCR-Fwd.
The TCI state applied for the NCR-Fwd can be independently or identically indicated/determined with the TCI state configured for NCR-MT. Considering the TDM operation between NCR-MT and NCR-Fwd, which beam is applied for NCR-Fwd on the time resource when the NCR-MT is not performing transmission and reception.
If the outcome of the AI 9.8.1 regarding beam indication of backhaul link for NCR-Fwd is explicit indication, in case of downlink, TCI state based beam indication of backhaul link for NCR-Fwd can be considered. In the case of uplink, SRI based beam indication can be considered.

Proposal 2: If the explicit beam indication of backhaul link for NCR-Fwd is supported, TCI state ID and SRI based beam indication can be considered.

ON-OFF information
Explicit/implicit indication of ON-OFF information
For ON-OFF information of NCR-Fwd, explicit indication with ON-OFF operation and implicit indication via the signaling for other information were discussed in the previous meeting.
If explicit ON-OFF indication of NCR is supported, it can be indicated semi-statically or dynamically. Similar to the beam indication, both of semi-static indication for the semi-static signal and dynamic indication for the dynamic signal are needed for ON-OFF indication of forwarding link. That is, semi-statically and/or periodic ON-OFF information for each time resource can be configured, and additional dynamic and aperiodic ON-OFF information can be indicated.
On the other hand, while supporting an explicit indication of ON-OFF operation, it is worth considering using an additional implicit indication of ON-OFF operation. For example, it can be determined implicitly by NCR that the operation of NCR-Fwd is OFF for the time resource where beam information is not indicated when beam indication is supported by NCR. Another considerable option is, NCR-Fwd operating as OFF on the specific time resources, for example, time resources that slot format is not provided by DL-UL TDD configuration or determined as flexible.

Proposal 3: If explicit ON-OFF indication is supported, semi-static and dynamic indication should be considered. In addition to that, ON-OFF information can be implicitly indicated via beam indication or DL-UL TDD configuration.

ON-OFF operation in SSB resource
The ON-OFF operation of NCR-Fwd on resources where SSB(s) is/are transmitted was discussed in the previous meeting. As mentioned in the section 3.1, the NCR-Fwd needs to be performed forwarding operation only for some SSB indices among all SSBs transmitted by the gNB, and to operate as OFF on the time resource where the remaining SSB indexes are transmitted. Considering this, it is not appropriate for the NCR-Fwd to operate always as ON on time resources where SSBs are transmitted by gNB. Instead, if the NCR-Fwd can determine whether the SSB is to be forwarded or not, it can be determined by the NCR that NCR-Fwd operates as ON always on the time resource where SSB is forwarded by NCR-Fwd. Alternatively, it can be considered that the NCR-Fwd determining the ON-OFF operation according to the ON-OFF indication from the gNB even on the time resource where SSB is transmitted.

Proposal 4: It is not desirable that NCR-Fwd operates as ON on the time resource for SSB transmission.

Power control information
In this section, considerable points for supporting Tx power adaptation is discussed.

Beam specific power control 
Considering the real deployment scenario for a cell such as complex geometry and abundant blockage, the downlink coverage of NCR-Fwd can be different according to where the direction of beam is targeting for. In such case, it can be considered that applying different Tx power amplifying gain to each of downlink beam direction of NCR-Fwd. On the other hand, downlink coverage of NCR-Fwd can be different according to the beam direction of NCR-Fwd due to the difference of effective channels. In that case, applying different Tx power amplifying gain to each of downlink beam direction of NCR-Fwd can be considered to align coverage depending on the beam direction.
The uplink Tx power for NCR-Fwd for forwarding operation can be different depending on the uplink beam direction of backhaul link to achieve similar coverage due to the different channel condition such as pathloss between gNB and NCR-Fwd according to uplink beam direction of backhaul link. It needs to be considered in such case that different uplink Tx power, i.e., amplifying gain, depending on the uplink transmission direction of backhaul link for NCR-Fwd is applied.
Therefore studying on applying different amplifying gain of NCR-Fwd for uplink Tx on backhaul link and downlink Tx on access link seems beneficial. For the indication of amplifying gain via side control information, the association of amplifying gain indication and the beam direction indication is necessary.

Proposal 5: If transmit power control of NCR-Fwd is supported, applying different amplifying gain depending on the beam direction is necessary for both uplink transmission on backhaul link and downlink transmission on access link.

Semi-static/dynamic indication of amplifying gain
Due to the stationary characteristic of NCR, it is natural that amplifying gain for NCR transmission is not expected to be changed frequently for maintaining appropriate coverage of NCR. Therefore determining the amplifying gain of NCR-Fwd in static or semi-static manner is desirable.
Besides the maintaining coverage perspective, it should be noted that the signal forwarded by NCR-Fwd can cause interference to other nodes in the network. The presence of victim UE or the received interference level in victim UE’s point of view can be different depending on the time resource where NCR-Fwd is forwarding downlink on the access link. Accordingly the downlink power adjustment of NCR-Fwd can be considered in accordance with the presence of victim UE or the level of interference that victim UE is going through. For example, the downlink transmit power of NCR-Fwd can be lowered when the interference due to NCR-Fwd is significant, or the NCR-Fwd can transmit with high power when the interference due to NCR-Fwd is negligible. Same principle can be applied for the uplink transmission of NCR-Fwd on backhaul link, i.e., transmit power adjustment according to interference level or presence of victim UE. To be specific, the uplink transmit power of NCR-Fwd on backhaul link should be adjusted according to the interference to uplink transmission of other UE in the cell.
As discussed above, whether the UE affected by the interference due to the transmission of NCR-Fwd is present or not and the traffic of that UE changes dynamically. Therefore dynamic adjustment of amplifying gain of NCR-Fwd also should be considered.
In conclusion, as a candidate solution for power control of NCR, applying the default amplifying gain on uplink and downlink transmission of the NCR-Fwd for general condition, and adjusting the amplifying gain dynamically by offset for interference condition can be discussed. For this, the amplifying gain of NCR-Fwd is indicated semi-statically, and the offset of the configured amplifying gain can be indicated dynamically. Specifically, there are certain signal/channels that the transmit power should not be changed, i.e., the UE assumes constant power on the specific signal/channels, the semi-static/dynamic amplifying gain should be indicated according to the signal/channels. For example, on the time resources that cell-specific signal/channel can be transmitted, amplifying gain is indicated semi-statically, and only on the time resources other that those signal/channels, dynamic amplifying gain can be indicated.

Proposal 6: If transmit power control of NCR-Fwd is supported, both of semi-static and dynamic amplifying gain indication needs to be considered.

Multi-carrier operation
In RAN1#109-e meeting, it was assumed that at least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in same frequency range. Also, it was prioritized to study the NCR-MT and NCR-Fwd operation in the same carrier [2]. In RAN#96, it was agreed to focus on in-band operation of NCR-MT and NCR-Fwd for NCR study [3]. However, it is natural for NCR-Fwd to be operated based on multi-carrier considering when it is being served by gNB with multi-carrier. Detailed description is given in our companion contribution. At least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in the same frequency band. Therefore, when discussing L1/L2 signalling for side control information, multi-carrier operation of NCR should be kept. That is, it needs to be discussed whether side control information for operation of NCR-Fwd in a certain frequency band can be differently indicated or commonly applied for each carrier in which NCR-Fwd operates within the same frequency band. When the NCR-Fwd operates based on the multi-carrier, a receiving UE of a signal transmitted by forwarding for each carrier can be different. In addition, the presence or absence of a signal/channel transmitted for each carrier can be different. Considering those, it will be necessary for NCR to perform forwarding by independently applying beam information and ON-OFF information for each carrier. However, in order to support this operation, the implementation complexity is expected to be increased. It is necessary to discuss the necessity and possibility of those operations.

Proposal 7: Study whether side control information is commonly applied for the multi-carriers within same frequency band or independently applied for multi-carriers.

Summary
In this contribution, L1/L2 signaling for side control information is discussed. As a result, following proposals are provided.

Proposal 1: A method for access link beam indication needs to be discussed. Specifically, time domain indication level, direction indication, granularity, application should be discussed.

Proposal 2: If the explicit beam indication of backhaul link for NCR-Fwd is supported, TCI state ID and SRI based beam indication can be considered.

Proposal 3: If explicit ON-OFF indication is supported, semi-static and dynamic indication should be considered. In addition to that, ON-OFF information can be implicitly indicated via beam indication or DL-UL TDD configuration.

Proposal 4: It is not desirable that NCR-Fwd operates as ON on the time resource for SSB transmission.

Proposal 5: If transmit power control of NCR-Fwd is supported, applying different amplifying gain depending on the beam direction is necessary for both uplink transmission on backhaul link and downlink transmission on access link.

Proposal 6: If transmit power control of NCR-Fwd is supported, both of semi-static and dynamic amplifying gain indication needs to be considered.

Proposal 7: Study whether side control information is commonly applied for the multi-carriers within same frequency band or independently applied for multi-carriers.
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Annex
Following agreements were made in RAN1#109-e meeting [2].
	[bookmark: _Hlk103233442]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 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
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
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
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