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1. Introduction
The agreed Way Forward [1] in RAN4#102-e stated the following:
[image: ]
In this contribution we discuss whether group delay information is required for conformance testing for TDD switching requirements.
2. TDD switching conformance testing
With respect to group delay, two types of repeaters have been considered:
1. Normal repeater: These repeaters have their BH side transceiver and access link side transceiver typically integrated in a single unit. There is no internal processing of the relayed signal, and the group delay is an order of magnitude lower than the amplifier’s ON-OFF transition time. For these repeaters, the ON-OFF transition requirement includes the group delay. Thus, group delay information is not required for conformance testing. 
2. Long delay repeater: In these repeaters, the propagation delay between the BH side of and the access link side is comparable to the amplifier’s ON-OFF transition times; the BH side transceiver and access link side transceiver can be separate and connected by a cable and/or, the repeater has down-/up-conversion potentially with base band processing (filtering). For these repeaters, the group delay should be specified so that proper network deployment planning can be done for TDD configuration alignments to avoid interferences with neighboring cells. Depending on the testing procedures, the group delay information can also be used for conformance testing when measurements are done with respect to the input port.
[bookmark: _Hlk101371475]Observation 1: Group delay information is not required for normal repeaters with integrated BH and access link transceivers which does not perform any processing of the relayed signal. 
Considering the above, the group delay needs to be declared by the manufacturer and, when the delay is long, the switching requirement and test setup shall be different from those for repeaters with group delay being within the tested on/off transition period.
Observation 2: The repeater group delay should be declared by the manufacturer for the purpose of repeater deployment as well as for selecting appropriate testing method.
Proposal 1: For long delay repeaters, group delay information shall be declared for deployment considerations; this information can be used for conformance testing of TDD switching.
Fig.1 shows relative timings and power levels of the repeater with long group delay. The input signal is assumed to be present between time instants T0 and T1. The output signal is delayed by the group delay relative to the desired input signal. The OFF-ON switching shall happen prior to T0 + the group delay, and, the ON-OFF switching after T1 + the group delay.
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Figure 1 Timing diagram for ON/OFF switching of a repeater with long group delay

For testing of the switching time, the reference time could be extracted from the repeater output. OFF/ON switching time can be triggered from the time instant where the output signal rises above threshold for the OFF-power level. Switching time can then be then measured until the output power reached nominal ON-level power. This would be similar to the base station testing except that the time reference would be based on output signal level. This could work for conducted measurements but may have problems with the radiated measurements: Detection of the time instant when the OFF-power level is exceeded can be interfered by the input signal. This will be an issue at the OFF/ON transition.
Observation 3. TDD switching time measurements based on the output power level may be difficult when testing the radiated requirements.
The alternative approach would be to utilize the declared group delay for the testing method. The reference time could be taken from the input signal (T0 and T1) and used to measure the output signal switching at time instants delayed by the group delay. This kind of measurement principle would be applicable for both conducted and radiated requirements.
Observation 4. Testing method utilizing the knowledge of the declared group delay would be applicable for both conducted and OTA measurements.
Proposal 2: RAN4 is asked to evaluate the measurement principles for the TDD switching requirements either by monitoring the output power, or utilizing the information about the declared group delay.
4 Conclusion
In this contribution group delay declaration requirements for repeaters have been discussed. Following are the observations and proposals:
Observation 1: Group delay information is not required for normal repeaters with integrated BH and access link transceivers which does not perform any processing of the relayed signal. 
Observation 2: The repeater group delay should be declared by the manufacturer for the purpose of repeater deployment as well as for selecting appropriate testing method.
Observation 3. TDD switching time measurements based on the output power level may be difficult when testing the radiated requirements.
Observation 4. Testing method utilizing the knowledge of the declared group delay would be applicable for both conducted and OTA measurements.
Proposal 1: For long delay repeaters, group delay information shall be declared for deployment considerations; this information can be used for conformance testing of TDD switching.
Proposal 2: RAN4 is asked to evaluate the measurement principles for the TDD switching requirements either by monitoring the output power, or utilizing the information about the declared group delay.
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