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1 Introduction

During RAN4#99-e, TDD requirements for repeaters were discussed and a WF was agreed in [1]. The WF raised several principal questions:
· How to differentiate the directions for the requirement

· The relationship between the switching requirement in the DL and the switching requirement in the UL

· The stimulus signal behavior for the switching requirement

· Whether the TDD switching requirement can be merged with other requirements

· The need for a group delay requirement
2 Discussion
2.1 Differentiating directions for the requirement

In general, a repeater is likely to have two signal path directions: from BS towards UE (i.e., downlink) and UE towards basestation (i.e., uplink). (It should be noted, however that there may be situations in which the repeater only acts in one direction, e.g. boosting UL signal strength). In both directions, there is usually a need to switch from gain being activated (i.e., repeating in that direction) to de-activated (i.e., not repeating in that direction). The activation times of the different directions will in general need to complement one another.
The switching time requirement comprises a transient period and an OFF level. In the BS and UE specifications, the OFF level is an absolute power level, whereas for the repeater specification it is not clear whether the OFF level should be a power or rather a gain level.

The repeater gain must be available at points in time at which a signal in the respective direction needs to be repeated. This implies that the repeater gain switching period must be capable of activating as fast as the stimulus signal, i.e. the transient time requirement for the repeater should be the same as for the BS/UE.
For FR1, the transient time is 10 us for both the BS and the UE. Thus, for FR1 the requirement can be defined in the same manner for both directions.
For FR2, the transient time is 3us for the BS and 5us for the UE. In principle, the requirement for the repeater could be defined differently for the downlink and the uplink directions. However, since the repeater is a network node and it is not clear what advantage setting a different requirement for the different directions would yield, we propose that the same requirement is set in both directions for FR2 (using the more stringent requirement, i.e. 3 us).

Proposal 1: Define the switching time requirement in the same manner for both directions
Proposal 2: The switching time requirement is 10us for FR1 and 3us for FR2

Proposal 3: Discuss further whether gain or power level should be the requirement metric for TDD OFF power

2.2 Relationship between the downlink and uplink switching time requirements

For an integrated repeater, the downlink direction switching must occur simultaneously with the uplink direction switching. If this is not the case, then oscillations are highly likely to occur. To demonstrate that switching takes place with the correct timing, a requirement could be placed on the synchronization of the switching times for the two directions. However, if the switching times are not synchronized then in any case, for an integrated repeater the lack of correct synchronization between the two directions will be observed through other effects, such as poor synchronization and emissions and EVM fluctuations.

It is important to bear in mind that not all repeaters are integrated, and in some cases, there may potentially be a significant distance between the BS side and UE side parts of the repeater. Even if a repeater is not integrated, however it is still necessary for the switching time of the two directions to be synchronized.
In certain circumstances the TX/RX antennas for each direction may be sufficiently isolated that even if both directions are active, oscillations will not occur. In principle, if on direction (e.g., DL) is amplifying at the same time another direction (e.g., Uplink) is active in such circumstances then the repeater can still function normally since there will be no stimulus signal in the direction that is not active. In real networks, however, having amplification in a direction that should not be active may lead to unwanted interference effects.

Thus, in all circumstances there is a need for the switching in the downlink and uplink directions to be synchronized. However, for most implementation types, failure to synchronize the switching times would lead to performance issues due to oscillations. Designing a conformance test that established whether gain is switched at the same moment in both directions would be complex, in particular for OTA testing. Since conformance testing would be complex and failure to synchronize would be observable in performance degradations, we do not see the need to set a requirement and test relating to synchronization of DL and UL switching as essential.
Proposal 4: No need to set a requirement or test relating to synchronization of DL and UL switching
2.3 Definition of the stimulus signal for testing of switching time

As discussed in section 2.1, whilst for a UE or BS the switching requirement can be based on absolute power during the ON and OFF periods, for a repeater the switching is actually a switching of amplifier gain. If the stimulus signal is switched on or off according to the TDD pattern, then potentially a measured response from the repeater may not relate to the ability of the repeater to switch gain, but rather be a measurement of the switching time of the stimulus signal.
Observation 1: The repeater switching time is the time needed to switch gain on or off

For a UE or BS, the OFF-power level is defined as an absolute power. For a repeater, some consideration is needed on whether the OFF-power level should be defined as an absolute power or as a minimum gain.

Proposal 5: RAN4 should discuss further whether the OFF level should be defined as an absolute power level or a minimum gain

To correctly express the switching time of the repeater, we propose that the stimulus signal should be applied continuously, regardless of the TDD pattern. The switching time is then the time needed for the power level at the output to transition between full output power and either minimum output power or the power level determined by the stimulus signal power and minimum gain.

Proposal 6: Define the requirement and test as applicable with a continuously applied stimulus signal. Transition time is the time take to transition between maximum output power and minimum power (or gain).

For conducted testing, testing of proposal 6 is straightforward. For OTA testing, there is a somewhat greater degree of complexity in testing since it is necessary to measure the output power of the repeater and not the stimulus signal whilst the stimulus signal is present. The problem will be similar to OTA unwanted emissions testing, where it is necessary to differentiate between unwanted emissions due to the stimulus signal and due to the repeater, although the fact that in this case it is power levels of a wanted signal that are measured may complicate testing further.
2.4 On the need for a group delay requirement

During RAN4#99-e, the need for a group delay requirement for TDD repeaters was discussed without conclusion. A group delay requirement would be a requirement on the delay between a signal arriving at the repeater input and being propagated from the repeater output. Group delay acts as additional propagation delay. Greater group delay would imply the need for larger guard periods for DL/UL switching, which translates to higher overhead. If the group delay would be large enough then the needed guard periods would become so long that TDD operation would become unfeasible.

A catastrophically large group delay that would make TDD operation unfeasible would clearly be immediately visible as a failed repeater operation and would presumably be avoided by design for any serious product. Excessive group delay that leads to a need for an increased guard period would cause network performance degradations, since the same guard period lengths would need to be applied for the whole network (and potentially also neighbor networks). Although a performance degradation issue, it is not clear that a requirement on group delay is needed for conformance requirements.
Repeater deployment possibilities exist in which the repeaters are not integrated into one unit. The BS side and UE side of such repeaters are separated, potentially by a large distance. Examples include the use of repeaters to provide coverage into a large building or complex, or repeaters providing signals into an extended tunnel. Larger group delay is unavoidable for such cases. However, it may be the case that interference issues do not arise because the UE side of the repeater is within a single cell environment.

Considering the need to avoid implementation restrictions, we do not see the need for a group delay requirement. In case there is a view that a group delay requirement could be needed for certain situations where interference could be present then an alternative approach could be to apply such a requirement for a Wide Area class of TDD repeaters only. Wide Area repeaters would operate over a larger area with higher power. The above-mentioned cases of separation of BS side and UE side repeaters are generally applicable for medium range and local area scenarios, not wide area.

Proposal 7: Do not create a group delay requirement

2.5 Merging of the TDD switching requirement with other requirements

A part of the WF from RAN4#99-e was to consider whether the TDD switching requirement can be merged with other requirements.

For the ON/OFF time, there is no other requirement that captures the dynamics. The EVM requirement could capture a poor ON/OFF switching to some extent, but due to the short nature of the switching period compared to the slot length, the EVM requirement would not be a robust measure of switching time.

For synchronization of DL and UL, as discussed in section 2.2, poor synchronization would be observable in oscillation behavior, which would impact output power, emissions and EVM and as discussed, we do not see the need to define an explicit requirement.
3 Conclusion

Proposal 1: Define the switching time requirement in the same manner for both directions

Proposal 2: The switching time requirement is 10us for FR1 and 3us for FR2

Proposal 3: Discuss further whether gain or power level should be the requirement metric for TDD OFF power

Proposal 4: No need to set a requirement or test relating to synchronization of DL and UL switching
Proposal 5: RAN4 should discuss further whether the OFF level should be defined as an absolute power level or a minimum gain

Proposal 6: Define the requirement and test as applicable with a continuously applied stimulus signal. Transition time is the time take to transition between maximum output power and minimum power (or gain).

Proposal 7: Do not create a group delay requirement
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