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1. Introduction
The agreed Way Forward [1] in RAN4#100-e stated following:
For DL to UL Switching Delay Definition and Components
Consider further which of the following components does/does not need to be considered when setting the requirement:
1. Group delay between DL Rx port and DL Tx port
2. DL Tx power ramp down
3. D-U switching period
4. UL Tx Power ramp up
5. Group delay between UL Rx port and DL Tx port
For UL to DL Switching Delay Definition and Components
1. Group delay between UL Rx port and UL Tx port
2. UL Tx power ramp down
3. U-D switching period
4. DL Tx Power ramp up
5. Group delay between DL Rx port and UL Tx port
Furthermore, the tentative definitions for the switching delay (FFS) were (both UL/DL directions):
DL to UL: The total delay between the time when the end of the DL transmissions (BS transmission to UE) reaches the input port of the repeater until the repeater starts the UL transmission (UE to BS) at rated gain on the UL output port.
UL to DL: The total delay between the time when the end of the UL transmissions (UE transmission to BS) reaches the input port of the repeater until the repeater starts the DL transmission (BS to UE) at rated gain on the DL output port
RAN4#100-e agreed that there will be no requirement for the group delay. Additionally, it was agreed that will be no cell phase synchronization accuracy requirements for the repeater as the one defined for base stations.

Earlier RAN4 had made following agreements. In RAN4#98bis-e the agreements on TDD switching requirements, [2]:
TDD Switching requirement:
It was agreed that a TDD switching requirement is needed at least for on/off mask. The following was agreed in the GTW. It is also noted that discussion on detailed requirements should take place under the RF requirements agenda in future.
TDD Switching Requirement is needed, and detailed requirements will be further discussed under RF requirements agenda.
· At least On/Off mask requirements will be introduced, FFS whether other additional requirements needed or not
· FFS how to cover both UL and DL directions for repeater
· FFS both directions jointly tested or not if repeater support both DL and UL
RAN4#99 discussed further the switching requirements and agreed following [3]:
· The following figure is taken as a baseline
· To elaborate further:
· How to differentiate the two directions (UL/DL) in the diagram and the requirements?
· How to measure gain switching?
· Stimulus signal should remain ON for the whole time or also switch ON/OFF at TDD switching times?
· How to specify requirement to avoid stimulus signal power being measured (for OTA)?
· Are the above questions only conformance or are they relevant for how the core requirement is specified?
· Whether there is any requirement impact from the connection between DL switching occasion and UL switching occasion or can they be treated independently?
· Whether the test can be merged to other requirements such as output power, off power, EVM, etc
· Further refine the figure is not excluded. Repeater gain for DL and UL can be different.
· How to name the requirement.
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Figure 1. Timing of DL to UL TX switching
In this contribution we further elaborate the timing issues related to TDD operation of a NR repeater. 
2. Discussion
2.1 Delay components
Taking the DL to UL switching as an example, we may conclude following for the listed delay components:
1. Group delay between DL Rx port and DL Tx port:
· Agreed not to have a specific requirement
2. DL Tx power ramp down
· The repeater should follow the power ramp of the base station.
· The ramp down period reduces the available guard period (GP, see Fig.1) and should have a requirement, as agreed in RAN4#98bis-e
· A requirement for the power down cannot relate to the deployment scenario with varying GP but rather limiting the TX ON period to minimize the noise amplification outside the actual TX burst. Being a network node, the baseline requirement can be the ON/OFF requirement specified for the base station
3. D-U switching period
· The switching period (or GP/Fig.1) depends on the propagation delays both on the backhaul link (base station – repeater) and the access link to the UE.
· As the available switching period varies in the deployment scenarios, there cannot be a requirement specified that would be applicable for all repeater deployment scenarios
· Like the group delay, supported switching period can be up to the repeater implementation which can be targeted to one or more deployment scenarios indicated by the repeater capabilities.
4. UL Tx Power ramp up
· Same as with ramp down, as per the earlier agreement, there shall be a specific requirement for the ramp up
· Aligned with the ramp down, the requirement can be the OFF/ON requirement specified as for the base station, A requirement for OFF/ON limits the ON period prior to the actual UL TX burst and hence minimizes noise amplification.
5. Group delay between UL Rx port and DL Tx port
· No requirement for the group delay
As the analysis above suggests that there would not be a requirement for D-U switching period, and considering the agreement of now requirement for the group delay, the remaining components would be only the power ramp up/down period for which there can be specified requirements. A requirement for TX ON/OFF (and vice versa) is needed to avoid unnecessary noise amplification outside the actual (DL/UL) TX burst. Furthermore, as the repeater is network node and could be based on the base station implementation, the requirement for the power ramp up/down can be the same as for the base station.
The same analysis applies for the UL to DL switching.
Proposal 1. There will be no requirement for the switching (or guard) period which is deployment scenario dependent.
Proposal 2. The switching time requirement to be specified is limited to requirement for the power ramp-up/-down (ON/OFF). 
Proposal 3. The requirements for the repeater power ramp-up/-down can be the same as those for the base station, i.e. 10 us in FR1 and 3 us in FR2.
2.2 Naming of the requirement
If RAN4 concludes the switching requirement as proposed above, the naming of the requirement would not be important as the actual requirement would be for the power ON/OFF
In the WF the name candidate was “TDD switching (time) accuracy”. With the assumptions above, the “accuracy” would not be relevant and therefore the name can be simplified to “TDD switching time”. The actual requirement would only be for the power ramp up/down, though.
Proposal 4. The naming can be “TDD switching time”.

2.3 Definitions for rated/minimum gain
In the WF was FFS whether a gain definition will be introduced or not.
Companies are invited to provide further input on the proposal below:
 Introduce the following definitions if they will be used in the switching requirement definition/diagram:
	•	Rated gain: forward gain for either UL or DL based on the installed gain setting
•	Zero/Minimum gain: forward gain for either UL or DL in the OFF state

The fundamental purpose of the TDD switching time requirement is to ensure repeater is synchronized to the network and is amplifying signal correctly either only in uplink or only in downlink. For other infrastructure nodes as well as UEs the sufficiently low generation of interference during OFF time is specified by setting a maximum output power level that can be emitted during OFF period. In case repeater TDD switching time is defined in terms of change in gain, it will be challenging to define how large change in gain needs to be observed. 
There is also a risk that repeater will emit more unwanted signal power than other infrastructure nodes unless a clear power limit is specified. On the other hand, repeater is only in OFF-state in one direction, and in real life even with no input signal the amplified noise to forward direction will be dominating. From this perspective both gain and power could be used as metrics.
So far, the other repeater requirements have been defined referring to power instead of gain, and while the gain in normal operating conditions will be effectively identified e.g., when output power requirement is being verified, there has been no reason to declare the repeater gain. In case TDD switching time is defined in terms of gain, the same principle of not creating additional gain declarations should be maintained. Therefore, it could be considered to define that OFF-state gain needs to be [TBD] dB lower than rated gain, which could avoid identifying the exact values for either gain state. We suggest using OFF-state gain as when the term is separated from the definition, zero gain may imply that gain is exactly 0 dB and minimum gain may imply the lowest gain in ON-state.
Proposal 5: RAN4 to choose between defining an absolute power limit for OFF-state or defining OFF-state gain to be [TBD] dB lower than rated gain.
Proposal 6: In case TDD switching time is defining using gain, following terms are used:
Rated gain: Forward gain for either UL or DL based on the installed gain setting. Rated gain can be different for UL and DL.
Off-state gain: Forward gain for either UL or DL in the OFF state

3. Conclusion
In this contribution we have analyzed the remaining open issues with the TDD switching requirement. As conclusions, we would propose following:
Proposal 1. There will be no requirement for the switching (or guard) period which is deployment scenario dependent.
Proposal 2. The switching time requirement to be specified is limited to requirement for the power ramp-up/-down (ON/OFF). 
Proposal 3. The requirements for the repeater power ramp-up/-down can be the same as those for the base station, i.e. 10 us in FR1 and 3 us in FR2.
Proposal 4. The naming can be “TDD switching time”.
Proposal 5: RAN4 to choose between defining an absolute power limit for OFF-state or defining OFF-state gain to be [TBD] dB lower than rated gain.
Proposal 6: In case TDD switching time is defining using gain, following terms are used:
Rated gain: Forward gain for either UL or DL based on the installed gain setting. Rated gain can be different for UL and DL.
Off-state gain: Forward gain for either UL or DL in the OFF state
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