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1. Background
In RAN #97 meeting, Work item for network-controlled repeaters has been agreed with the following scope description relevant to RAN1:
As highlighted above, RAN1 has started discussion about L1/L2 signaling from RAN1 #109-e meeting. In this paper, we give our view about timing alignment at NCR. As agreed in the study item phase, in terms of the signaling, NCR can acquire timing information based on SS/PBCH block reception by NCR-MT. However, how to coordinate reception and transmission at NCR is not clarified at this moment. In the study item phase, the following agreements were made in terms of Tx/Rx timing at NCR:[bookmark: _Hlk89819652] The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:

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
· The selected solution shall provide inter-vendor interoperability.

Agreement
For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay. 

In RAN1 #110bis-e meeting, for TA value, RAN1 made the following agreement:
Agreement
The TA adjustment mechanism of legacy UEs is supported for NCR-MT in C link.

2. Discussion on Timing relationship of uplink and downlink
 
 In the study item phase, it has been agreed that timing information from NCR-MT is utilized as timing reference for NCR-Fwd. In legacy TDD repeater architecture, such timing information is obtained based on implementation-based schemes. Since such timing information is assumed to be static, RF adoption delay e.g., to switch TDD UL and DL frames is negligible. However, in case of NCR, since there are multiple factors, which have to be applied symbol by symbol like beam adaptation and TDD SFI application, such RF adoption delay may be increased than that in legacy TDD repeaters.[image: ]
Figure 1. An example of timing relationship at NCR


As depicted in Figure 1, from UE perspective, since NCR is transparent to UE, downlink timing is aligned with the delay which includes both propagation delay and potential additional delay due to RF reconfiguration. Ideally, this RF adoption delay should be as small as gNB operation in order to keep the system workable. Therefore, RAN4 should discuss feasibility in terms of additional delay requirement at NCR.
In case of uplink transmission at UE, timing advance is applied to align uplink reception timing at gNB. Timing advance value can be indicated from gNB according to the reception timing of uplink signal at gNB, which includes both propagation delay and internal delay at NCR. Timing advance value is applied to move the UL Tx timing forward from the DL frame.  In summary, from UE perspective, there is no necessity to consider about delay at NCR.

Next, from NCR perspective, it has to minimize the internal delay so that frame alignment can be kept between gNB and UE. In RAN1 #110bis-e meeting, RAN1 has agreed to utilize existing TA adjustment mechanism for C-link. Therefore, it is still FFS whether same TA value is applied between C-link and backhaul link. If the same TA value is applied to backhaul link, timing relationship between uplink reception timing at NCR and uplink transmission timing at NCR can be described as follows:

[bookmark: _Hlk115352143][UL reception timing at NCR] + ΔtNCR-UL < [UL Tx timing at NCR]
< [DL Rx timing at NCR] – [Timing advance value for NCR-MT (C-link) ]

where ΔtNCR-UL is internal delay at NCR-Fwd for forwarding uplink signal. At this moment, since actual feasible value for ΔtNCR-UL is not clear, it is necessary to wait for feasibility discussion in RAN4.

Proposal 1 RAN4 to confirm feasible internal delay value to check necessity of the special handling for timing alignment.

 If the above timing relationship can not be satisfied, NCR cannot forward the uplink transmission in the same frame without having any special handling. In that case, RAN1 needs to discuss possible solutions. Since NCR-Fwd does not assume any signal processing, it is not possible to e.g., change the order of radio transmission.
One solution to avoid such misalignment is to control internal delay for both downlink and uplink. By setting downlink internal delay value to sufficiently large value, timing advance value at UE is set to large value due to the increasing delay. As a result, uplink transmission timing at UE, i.e., uplink reception timing at NCR can be set to sufficiently early timing. In addition to the above solution, if TA value for the backhaul link is independently adjustable, further flexibility may be possible for the uplink timing alignment between gNB and NCR-Fwd. That way, the requirement to satisfy the above timing alignment may become less strict. 

Proposal 2 Internal delay value at NCR can be reported to gNB if additional timing alignment is necessary for NCR-Fwd link.


3. Conclusion
 In this contribution, we discussed timing alignment at NCR and observed related potential problem. The followings are proposed:

Proposal 1 RAN4 to confirm feasible internal delay value to check necessity of the special handling for timing alignment.
Proposal 2 Internal delay value at NCR can be reported to gNB if additional timing alignment is necessary for NCR-Fwd link.
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