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1. Introduction
The agreed Way Forward [1] in RAN4#101-e stated following:
Agreements in GTW:
Including switching ([power ramp-up/-down]) time requirements 
-FFS whether group delay need to be considered in conformance test and/or in core requirements
-Not precluded the scenarios with large group delay e.g. by declaration basis
-Timing reference as [the signal to repeater input port]
Off power/gain requirements also need to be included
FFS for EVM need to included or not
In this contribution we discuss how to complete the switching time requirements.
2. TDD switching requirements definition
It was agreed to introduce only DL-UL and UL-DL transition requirements instead of explicit TDD switching requirements. Given this agreement, the WF is seeking further details on several aspects. These are addressed in the following.
2.1 Switching procedure
A clarification is sought about how the switching works based on the transition requirements. The repeater executes the TDD switching procedure based on the following parameters:
· TDD switching times: It is assumed that the repeater is configured with these parameters.
· Downlink and uplink group delays: Repeater may have knowledge of its group delays or it may use an estimated value.
· Downlink and uplink transmission ramp-down and ramp-up times
The switching timing diagram is shown in Figure 1. The DL-to-UL switching procedure by the repeater consists of the following steps:
1. Repeater triggers DL-to-UL transition at T0 based on TDD configuration.
2. At T1=(T0+DL group delay) amplification of the last input signal is completed; repeater turns OFF the DL amplification. 
· The output power level at the repeater UE-side should be at OFF level after T2
3. UL interval begins at T5 according to the TDD configuration. Turn on the UL amplification at T3 = T5 – (UL, DL-UL)
· The output power level at the repeater BS-side should be at OFF level before T3.
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Figure 1 DL-UL switching 
Proposal 1: Include Figure 1 in the specification to illustrate repeater TDD switching procedure.
2.2 Requirements based on output power
2.2.1 UL OFF power level
For UL, the power level for OFF power is open with the option of -50dBm/actual transmission bandwidth. 
For FR1, it is suggested to use -50 dBm/actual Tx BW as in the UE spec, but for FR2 it is suggested to use -36dBm/MHz as specified for IAB.
Proposal 2: For the UL OFF power level, use -50 dBm/actual Tx BW for FR1, but for FR2 use -36dBm/MHz. 
2.2.2 Input power levels for OFF power:  
For FR1 conducted tests, input power level for OFF power need not be specified. For FR2 OTA tests, the input signal should be turned OFF during repeater OFF period to avoid input signal disturbing the output power measurement in OTA environment.
Proposal 3: For FR1, the input power level for OFF power need not be specified; for FR2, the input signal should be OFF during repeater OFF period.
2.2.3 Input power level for maximum output power: 
For both downlink and uplink, the input power level for maximum output power should be (maximum output power – maximum gain).
Proposal 4: The input power level for maximum output power in the downlink should be equal to (maximum DL output power – maximum DL gain) and the input power level for maximum output power in the uplink should be equal to (maximum UL output power – maximum UL gain).
  
2.3 UL/DL switching test
In the following we discuss when the input power should be set to OFF for DL-to-UL and UL-to-DL switch.
DL-to-UL switch: 
· DL ON-to-OFF: The DL amplification should remain ON until the last DL input signal passes through it (and is amplified). The maximum time interval required for this is the DL group delay. To verify the proper functioning of the DL amplification, it was questioned in previous meeting whether the input signal should be at ON level for the group delay duration (till T1 in Figure 1). This is not necessary as it can be detected from the noise level whether repeater has stopped the amplification. However, the details can be left to be specified in performance part. 
· UL OFF-to-ON: The UL amplification should be active at or before the UL starting time at the repeater (T4 in Figure 1). The UL input signal should be at ON level from UL starting time (T4 in Figure 1). The power ramp from OFF level shall start at T3 preceding T4 by the time duration of the OFF-to-ON period. In real deployments, the actual time instant of T4 depends on the propagation delay between the repeater and the serving gNB. When the repeater installation is fixed, the propagation delay is constant and hence the time point T4 is fixed. T4 is also the same for all connections as the UL timing is based on gNB reception time.
NOTE: The propagation delay over the access link is compensated by the timing advance control loop for the UE UL TX aiming to pre-determined (fixed) UL RX at the gNB. T4 is valid also for random access burst as the used TA value is zero i.e., fixed T4 guarantees that the repeater UL path is at ON level for the PRACH signal. Determination of T4 is out of Rel.17 scope. In case the repeater does not have enough information about T3, T3 = T5 – UL, DL-to-UL.
UL-to-DL switch: This is symmetric to the DL-to-UL switch.
Observation 1: For conformance testing of DL-to_UL switch, 
i. Input signal needs to be at ON level till the end of the DL interval as per TDD configuration.
ii. Input signal needs to be turned ON at the start of UL interval at the UE side of the repeater. 
For conformance testing of UL-to-DL switch, 
i. Input signal needs to be at ON level till the end of the UL interval at the UE side as per TDD configuration.
ii. Input signal needs to be turned ON at the start of DL interval at the gNB side of the repeater.
2.3.1 Conditions for declaration of propagation delays in the special implementation: 
TDD configuration of the repeater must conform with the TDD configuration of all systems in the deployed area so that DL-UL interferences are avoided. This may affect the frame utilization for the repeater. Alternatively, the repeater needs to be deployed so that it is isolated from other systems.
Even in case where deployment is isolated from rest of the network, the time available for transmission direction changes, e.g. propagation time between repeater and UE, do not change. Therefore, the actual event of changing transmission direction cannot be slower. Consequently, it is still necessary to verify also for special implementations and the switching happens quickly enough.
Proposal 5: To allow declaring special implementation with long group delay, impact on frame utilization and/or possible deployment locations needs to be made visible in the specifications.
Proposal 6: Switching requirements are verified also for special implementation. 
2.3.2 Timing reference for test 
For the downlink, the timing reference for the test should be the repeater input port on the gNB side; for uplink, the timing reference for the test should be the repeater input port on the UE side.
Proposal 7: Confirm that the timing references for the tests should be the repeater input ports.
2.3.3 Triggering TDD switching of the repeater
It is assumed the repeater acquires the TDD configurations of the gNB. The exact methods for acquisition of the TDD configuration is out of scope of the specification. Repeater can determine the DL-to-UL and UL-to-DL switching times from the TDD configuration and trigger the transitions accordingly. The input power level settings when the DL/UL switching is triggered are as described in Observation 1. In this scenario, the issue of configuring the input power so that the repeater performs DL/UL switch at the right time does not arise. Some repeater implementations may have the capability to perform DL/UL switch based on input signal power; however, the input signal power configuration for such functions are out of scope.
3 Definition of transition times
3.1 Power ramp-up/down basic transition times
For FR1, the DL and UL ramp-up and ramp-down times in both DL-to-UL and UL-to-DL switch have been confirmed. For FR2, the DL ramp-down and ramp-up times have been confirmed in both DL-to-UL and UL-to-DL switches. For FR2, confirm the UL ramp-up time in DL-to-UL switch to be 3us and also confirm the UL ramp-down time in UL-to-DL switch to be 3us.
Proposal 8: Confirm the following:
		For FR2 UL, DL-UL and UL-DL transition times are 3us. 


4 Conclusion
In this contribution repeater switching requirements were discussed. Following observations and proposals were made.
Observation 1: For conformance testing of DL-to_UL switch, 
iii. Input signal needs to be at ON level till the end of the DL interval as per TDD configuration.
iv. Input signal needs to be turned ON at the start of UL interval at the UE side of the repeater. 
For conformance testing of UL-to-DL switch, 
iii. Input signal needs to be at ON level till the end of the UL interval at the UE side as per TDD configuration.
iv. Input signal needs to be turned ON at the start of DL interval at the gNB side of the repeater.
Proposal 1: Include Figure 1 in the specification to illustrate repeater TDD switching procedure.
Proposal 2: For the UL OFF power level, use -50 dBm/actual Tx BW for FR1, but for FR2 use -36dBm/MHz.
Proposal 3: For FR1, the input power level for OFF power need not be specified; for FR2, the input signal should be OFF during repeater OFF period.
Proposal 4: The input power level for maximum output power in the downlink should be equal to (maximum DL output power – maximum DL gain) and the input power level for maximum output power in the uplink should be equal to (maximum UL output power – maximum UL gain).
Proposal 5: To allow declaring special implementation with long group delay, impact on frame utilization and/or possible deployment locations needs to be made visible in the specifications.
Proposal 6: Switching requirements are verified also for special implementation. 
Proposal 7: Confirm that the timing reference for the test should be the repeater input port.
Proposal 8: Confirm the following:
		For FR2 UL, DL-UL and UL-DL transition times are 3us. 
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