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Introduction

During the RAN4#101-e-bis meeting, an WF[1] on TDD repeater switching requirements agreed following:

	Agreements

Transient time

The transient time for FR2 UL is confirmed as 3us.

Impact on implementations

Regarding the transition time assumption, there is no need for any explicit assumption/agreement on the implications of the requirement for implementations. A Repeater just has to meet the requirement, actual implementation does not matter.

OFF power levels

The OFF power levels are agreed as follows:

For FR1 DL, the OFF power shall be -85dBm / MHz per connector

For FR2 DL, the OFF power shall be -36 dBm / MHz TRP

For FR1 UL, the OFF power shall be -50dBm / (REF_SCS*(12*NRB+1)/1000) per connector

For FR2 UL, the OFF power shall be -36 dBm / MHz TRP

Timing

The timing used to define the core requirement is based on the slot timing at the input port, not the timing of the input signal. 

For repeaters that do not declare the exception condition (i.e. longer GP, interference to other cells needs to be avoided), the reference point (at which the transient is observed/measured) is the same as what is used for transmit output power

Synchronization assumption

Synchronization is assumed for the TDD switching requirements and in the test. The means of synchronization is not specified.

Conformance testing

The discussion on conformance testing of TDD switching is postponed until the conformance phase.

Long delay repeater

For the repeater that has long delay:

Allow declaring special implementation with long group delay, impact on frame utilization and declare that repeater will not be deployed such that it could cause interference towards other nodes

The declaration is as follows: The group delay between the input and output for this repeater does not fit within the TDD transient time. The repeater is intended for situations in which it will not cause interference to other nodes. This is achieved by RF isolation or by reservation of longer guard periods, which degrades frame utilization.

Applicability of transient time requirement for this kind of repeater: Applicable, [with timing based on the slot timing at the output port]

FFS whether the group delay needs to be declared.

Input power during OFF period

For the input power during for the transient and TDD OFF requirement, “no input signal” for off power requirement condition (for both FR1 and FR2)

Input power for maximum output power

Input power for maximum output power: The lowest input power level for which the repeater achieves maximum output power

EVM during ON state

The following is proposed: output power and EVM should be tested during the whole ON state to ensure repeater doesn’t terminate amplification before the end of ON period, but further clarification is needed as to how the ON period is defined

FFS whether this should be covered by the EVM test or a separate test.


In this contribution, we want to share some analysis about this issue.
Discussion 

2.1 TDD repeater related definitions
In fact, the definition of repeater is a little confusing and rudimentary in vintage repeater specification(such as TS 25.116[2]), especially for TDD repeaters. For instance, definitions that highly related to TDD operation, such as ON/OFF period and transient period, are not defined, and this will cause some obstacles in the procedure of developing repeater spec. Referring to the TDD switching WF, the terms used in WF are general words such as "ON/OFF period or transient times", and this is not the definition of 3GPP style. Therefore, We believe that the TDD operation related definitions should be defined to ensure that those definition aligns with the NR  specification.
Proposal 1: TDD operation related definition should be defined; Transmitter OFF period: “Time period during which the repeater downlink or uplink transmitter is not allowed to transmit” ; Transmitter ON period: “time period during which the repeater downlink or uplink transmitter is transmitting signals” ; transmitter transient period: “time period during which the transmitter is changing from the OFF period to the ON period or vice versa”

2.2 Long delay repeater

During the last meeting, the long delay repeater was discussed. However, the reasons for the delay of long delay repeaters may need to be discussed. Refer to the description in WF:

	The group delay between the input and output for this repeater does not fit within the TDD transient time.


The question is, why is there a large delay between the input port and the output port? We believe that there might be two reasons:

Hardware issues

Special architecture, such as distributed systems.

For the delay caused by hardware issues, we understand that this delay is relatively short and controllable. But for some special architecture, such as distributed systems, the delay will be limited by physical characteristics. For instance, a typical long delay repeater use case shown in Figure 1:
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Figure 1: Long delay repeater use case
As shown in the figure above, the UE moves along the track (might be a subway or a high-speed train), the device on the UE side transmits with the UE, and the device on the BS side transmits with the donor BS. Since the UE side and BS side are far apart (which might be several miles), this will introduce a large delay between the input port and the output port of the repeater(for both BS side and UE side). In this case, three key issues need to be clarified:

The architecture of repeater. RAN4 does not defines the distributed repeater. If the BS side and UE side of the repeater are not integrated, it may be necessary to introduce some new definitions. Referring to our handling of distributed BS, this does not seem to be an implementation issue.
Maximum supported group delay. Since the output port needs to be synchronized with the TDD network, this will be guaranteed by transmitting in advance. However, transmitting in advance needs to occupy the time of the Guard period, and the length of the guard period is not infinite, so the maximum supported group delay determines the maximum transmission distance between the input port and the output port. 
The connection method between the BS side and the UE side. We understand that this could be a wireless connection or a wired connection. However, wireless connection does not seem to be a good choice. This is because the complex interference of the wireless environment may cause jitter between the input port and the output port, which will bring great uncertainty to the delay. With a wired connection, the situation is more complicated: Referring to the description in TS 38.401[3], the distributed BS will be connected via the F1 interface. In this case, the long delay repeater also cannot be considered as a special implementation, because this may require defining a new interface for the repeater.
	gNB Central Unit (gNB-CU): a logical node hosting RRC, SDAP and PDCP protocols of the gNB or RRC and PDCP protocols of the en-gNB that controls the operation of one or more gNB-DUs. The gNB-CU terminates the F1 interface connected with the gNB-DU. 

gNB Distributed Unit (gNB-DU): a logical node hosting RLC, MAC and PHY layers of the gNB or en-gNB, and its operation is partly controlled by gNB-CU. One gNB-DU supports one or multiple cells. One cell is supported by only one gNB-DU. The gNB-DU terminates the F1 interface connected with the gNB-CU.


Therefore, we believe that the long delay repeater may require some additional discussion to ensure that the above issues can be properly addressed.

Proposal 2: RAN4 needs to discuss whether the long delay repeater is completely implementation-dependent, as this may require introducing some new definitions and interfaces.
Conclusions
In this contribution, we shared some considerations on repeater TDD switching requirements, the following proposals are made:

Proposal 1: TDD operation related definition should be defined; Transmitter OFF period: “Time period during which the repeater downlink or uplink transmitter is not allowed to transmit” ; Transmitter ON period: “time period during which the repeater downlink or uplink transmitter is transmitting signals” ; transmitter transient period: “time period during which the transmitter is changing from the OFF period to the ON period or vice versa”

Proposal 2: RAN4 needs to discuss whether the long delay repeater is completely implementation-dependent, as this may require introducing some new definitions and interfaces.
References
Ericsson, “WF on TDD repeater switching”, R4-2203022, RAN4#101-e-bis, January 2022.
3GPP TS 25.116 V16.0.0 (2020-06), Technical Specification

3GPP TS 38.401 V16.8.0 (2021-12), Technical Specification

