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Introduction
During RAN4#101bis-e, many issues relating to the TDD switching requirement were resolved. In the WF [1], two issues remained to clarify; one is on the need for a declaration of the group delay for the “long delay” requirement and the second on whether there is a need to define an additional EVM requirement to ensure EVM is maintained during the whole ON period.
[bookmark: _Ref178064866]Discussion
Declaration of group delay
For the regular group delay requirement, it was agreed that the requirement will be measured at the repeater output port, but that the timing reference will be the slot timing at the input port. For the “long delay” requirement, it was provisionally agreed that the timing and measurement reference points will be the output port.
If the repeater has a longer group delay then from the point of view of the timing at the output terminal, the gain needs to switch off as soon as the transmit signal has ended, and the transition time will be the same as for a repeater with negligible delay at the output port. Similarly, the repeater switch on to full gain at the moment the TX signal is to be transmitted at the output port.
At the input port, the timing of the output port transition with respect to the timing of the input signal looks different. The input signal will end at the input port earlier than the transition at the output port by a time period equal to the group delay. For the core requirement, defining the timing requirement at the output port is fine. However, for the conformance test, the input signal timing needs to be earlier than the transition timing by the group delay. If during the test, the input signal has the same timing as the transition timing at the output port then the signal will end at the output port later than the transition (i.e. the last part of the input signal would not be amplified). 



Observation 1: For the ON-OFF transition, the timing of the input signal should be earlier than the transition time by the group delay. 

For the OFF-ON transition timing, the input signal will begin earlier than the output needs to have full gain. 



Observation 2: For the OFF-ON transition, the timing of the input signal should be earlier than the transition time by the group delay.

If the repeater acts in both the uplink and downlink directions, then oscillations around transition times need to be avoided by means of configuration of a suitable guard period and/or ensuring sufficient isolation between the paths.

For the core requirement, if the requirement is stated as being applicable at the output port with the slot timing of the output port, then a declaration or knowledge of the group delay is not needed, since the core requirement should be independent of the input signal timing.
Observation 3: No knowledge of the group delay is needed for the core requirement.

For the conformance test, if the requirement is defined in the same manner as the BS switching requirement, then it is defined in terms of the output power being below the OFF-power threshold immediately before the OFF-ON switching period and immediately after the ON-OFF period. If the conformance test is applied in the same manner, then the test is somewhat independent of the input signal and hence it is not essential to know the input signal timing. However, for the ON-OFF transition, there is some chance that the delayed input signal will still be present at the end of the transition period if the input signal is simply applied with the same timing as the output signal. This may not be a problem and may even be seen as an enhancement of the test.

Observation 4: Knowledge of the group delay is not essential for the TDD switching conformance test assuming that it is defined in the same manner as for a BS.

The switching EVM test is discussed below. Assuming that the EVM should be maintained in all slots then it is necessary to advance the input signal by the group delay for the EVM test. If the input signal is not advanced then at the output, the transition will occur before the end of the signal at the output port.

Observation 5: For the long delay repeater, it is necessary to advance the input signal in time by the group delay at least for the EVM test.

To enable advancing of the input signal, knowledge of the group delay is needed. It should be noted that in the test environment, the group delay may differ from that in a deployment.

Proposal 1: The group delay needs to be known for conformance testing (at least EVM) and should be considered during the conformance phase.

Additional EVM requirement relating to switching
For the BS testing, the test model defines DL transmission in all DL slots and symbols. If the same test model is used for the input to the repeater, then EVM is tested in all slots for the DL. For the UL, a test model should be used that also applies the input signal in all slots.
The EVM requirement is averaged within a 10msec period. The averaging process may mean that degradations of the final symbol before the switching period are reduced in severity by the averaging process. It should be noted that the same effect could occur for a basestation (i.e., that degradations just before the PA is ramped down could be reduced in severity due to the averaging), and that an average over 10msec has been judged acceptable for the BS requirement.
Proposal 2: The EVM requirement should include the symbol just before the transition (as is the case for the BS requirement).

If there is a desire to specify an additional EVM requirement taking into account only symbols just before the switching period for a repeater requirement, then it is worth to bear in mind that the number of samples available for measurement and averaging would be vastly reduced.  In the downlink, for example only 1 in each around 110 symbols is prior to a switching period, implying that to achieve the same measurement uncertainty a measurement taking 100 times longer than the conventional EVM measurement may be needed.
Observation 6: An additional requirement could in theory be designed considering only symbols before the transition period, but then to obtain the same measurement accuracy a much longer measurement period may be needed.

An alternative to using a long measurement period could be allowing for a reduce MU for EVM defined in the final symbol before the transition. However, with a reduced MU it is not clearly whether the requirement and test would provide any further guarantee of the performance just before the transition period than the conventional, averaged EVM.
Observation 7: Reduced MU could be used for EVM in the symbol just before the transition, but that would probably negate the purpose of the additional requirement.

Based on these observations and the fact that the averaged EVM is used for the BS performance, we proposed not to define any additional EVM requirement for the symbols just before the transition.
Proposal 3: Do not define any additional EVM requirement for the symbols just before the transition.

Conclusion
Observation 1: For the ON-OFF transition, the timing of the input signal should be earlier than the transition time by the group delay. 
Observation 2: For the OFF-ON transition, the timing of the input signal should be earlier than the transition time by the group delay.
Observation 3: No knowledge of the group delay is needed for the core requirement.
Observation 4: Knowledge of the group delay is not essential for the TDD switching conformance test assuming that it is defined in the same manner as for a BS.
Observation 5: For the long delay repeater, it is necessary to advance the input signal in time by the group delay at least for the EVM test.
Proposal 1: The group delay needs to be known for conformance testing (at least EVM) and should be considered during the conformance phase.
Proposal 2: The EVM requirement should include the symbol just before the transition (as is the case for the BS requirement).
Observation 6: An additional requirement could in theory be designed considering only symbols before the transition period, but then to obtain the same measurement accuracy a much longer measurement period may be needed.
Observation 7: Reduced MU could be used for EVM in the symbol just before the transition, but that would probably negate the purpose of the additional requirement.
Proposal 3: Do not define any additional EVM requirement for the symbols just before the transition.
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