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Introduction

During the RAN4#101-e meeting, an WF[1] on repeater switching requirements and power transients agreed following:

	2.1Switching Requirement Definition

Do not introduce an explicit switching requirement, only introduce DL-UL and UL-DL transition requirements (power or gain transition) Transient period
switching requirement will be checked based on these requirements. if needed, a section explaining how switching works based on the transition requirements can be introduced in specs(e.g. a diagram with the switching timing)

Requirements to be defined based on output power (on/off)

Power level options for off power:

1. power levels as proposed in R4-2118238 (-85dBm/MHz per for FR1 DL, -36dBm/MHz TRP for FR2 DL, [-50]dBm/actual transmission bandwidth for UL)

the input power level will to be further discussed(e.g. no input signal or a certain power level as input)

2. other options are not precluded ( e.g. -85dBm/MHz when repeater is co-located with another node, higher power for other cases) worst case
input power level to be further discussed in this case also

Input power level for maximum output power to be declared

Do not introduce any gain state definition
UL/DL switching test can be further discussed in conformance testing:

testing can be done by using the transition requirements 
declaration will be allowed for “special implementation” that require a large propagation delay through the repeater

FFS under which conditions this declaration is allowed (e.g. repeater not causing interference in the system, etc)

[Timing reference for the test should be the repeater input port]
FFS how to configure the input signal power (e.g. on/off pattern at the repeater input and relationship with the UL/DL configuration) to ensure repeater switches at the right time
2.2Definition of Transition Times

Power ramp-up/down basic transition times are agreed as follows:

For FR1 DL, DL-UL and UL-DL transition times are 10us

For FR2 DL, DL-UL and UL-DL transition times are 3us

For FR1 UL, DL-UL and UL-DL transition times are 10us

For FR2 UL, DL-UL and UL-DL transition times are [3] us
The reference point is the repeater input port 

FFS whether an additional margin is needed on top of the basic transition times to account for non-zero group delay (The end requirement would be a specification capturing the number above+margin as a single number in each case)

These requirements and timing definition will not be applied for the “special implementation” 


In this contribution, we want to share some analysis about this issue.
Discussion 

2.1. Switching requirements definition

During the last meeting, the issue of how to define the switching requirements for NR TDD repeaters was discussed. For switching requirements, we have reached the following agreements:

	Do not introduce an explicit switching requirement, only introduce DL-UL and UL-DL transition requirements (power or gain transition) Transient period


However, recalling the repeater synchronization issues, we had the following agreements[2] at the RAN4 98bis-e meeting:

	There is no need for an explicit synchronization requirement

It’s FFS whether sync can be implicitly captured/verified in some requirements i.e. TDD switching requirements.

There is no need to explicitly capture any synchronization method. During the test, SSB can be provided in the test. 

Whether repeater will use SSB signal for sync or not up to repeater implementation; no mandating on repeater side to use SSB signal with the present SSB signals during test


In fact, when BS(or UE) defines switching requirements i.e.transient period and transmission ON/OFF power, there is a prerequisite that the devices in the TDD network are synchronized. Since there is no need for an explicit synchronization requirement, we may need to make the following assumptions:
Assumption 1: The synchronization issues can be decoupled from TDD switching requirements, the repeater can be synchronized by default or through other requirements.
Assumption 2: The synchronization issues can not be decoupled from TDD switching requirements, the repeater can not be synchronized by default or through other requirements, which means the TDD switching requirement shall solve the synchronization issues(implicitly). 
For TDD network, the total switching timing budget is restricted by the guard period. Due to the different geographical locations of the UEs, the delays for DL transmission to reach each UE are different, as figure 1 shown below:
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Figure 1. TDD network model without repeater
During the DL-UL switching, the guard period shall ensure:

BS could turn OFF the transmitter (BS transient period).
Ensure that the cell edge UE could completed the DL reception (The maximum value of propagation delay. In this case, the TProp-max = TProp-1), turn ON the transmitter (UE transient period) and start the timing aligned UL transmission.  
Note: In fact, in order to avoid inter-cell interference, Tprop-max is also related to the propagation time from BS to BS(Tprop-BS2BS). However, this issue has less relationship with the subsequent analysis of the repeater, so we do not consider the issue of inter-cell interference for the time being.
During the UL-DL switching, the guard period should ensure:

BS could turn ON the transmitter (BS transient period)
Since the base station will configure TA for UEs in different geographical locations to ensure that all UL transmissions arrive at the same time, the final propagation delay will be the delay of the cell edge UE(In this case, the TProp-max = TProp-1). After the UL transmission, the UE will turn OFF the transmitter(UE transient period).
It is not difficult to determine the final guard period budget:

TGuard ≥2×TProp_max + 2×Ttransient period
When we introduce the repeater into the network, the network model is as shown in the figure 2 below:
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Figure 2. TDD network model with repeater
Note: In order to simplify the model, we do not consider the specific delay caused by repeater(such as group delay)
From the perspective of BS, the Tprop_repeater is the propagation delay between BS and repeater, and this will cause the total propagation to increase. In this case, the maximum propagation delay will be:

TProp-max_with repeater = TProp-repeater + TProp-1
Meanwhile, the transient period of repeater may cause some additional delay of the link. The worst case is that the repeater starts to ramp up PA when the UL signal reaches the input port of repeater. In this case, the time occupied by transient period is: 

TDL_UL transient period = TBS transient period + Trepeater transient period
However, for a synchronized repeater, the impact of repeater transient period could be eliminated easily. For instance, a well-synchronized repeater can turn on/off the DL transmitter synchronously with the BS, or advance/delay it slightly to ensure that the PA just ramps up/down to the rated ON/OFF power when the DL signal arrives/ends(depends on implementation). Under this circumstance, since the repeater transient period specified by the agreements we have achieved is the same as the BS, the DL transient period will drop to:

TDL transient period = TBS transient period = Trepeater transient period
Therefore, the additional delay caused by the introduction of the repeater only includes the propagation delay from the BS to the repeater(TProp-repeater). The timing budget will be:

TDL_UL_with repeater ＞ TDL transient period + TProp-max_with repeater

→TDL_UL_with repeater ＞ TDL transient period + TProp-max +TProp-repeater
The situation of uplink transmission is similar, so it is not difficult to determine the final guard period budget with repeater:

TGuard_repeater ≥2×TProp_max + 2×Ttransient period + 2×TProp_repeater
Although TProp-repeater will occupy the GP budget allocated for DL-UL switching, which will actually reduce the maximum cell range, but the coverage blind spot has been supplemented. Hence this is a trade-off and it is out of the scope of this contribution. Looking back at why we define the switching requirement, the transmission OFF power could ensure that the repeater will not cause interference to other devices when the transmitter is turned off; The transient period could ensure that the repeater can turn on/off the transmitter as quickly as possible to avoid taking up valuable GP with excessively long switching times. 
Observation 1: When the synchronization issues can be decoupled from TDD switching requirements i.e. the repeater can be synchronized by default or through other requirements, the switching requirements including transmitter OFF power and transient period could ensure that the repeater successfully completes the switching operation.
However, when the synchronization issues can not be decoupled from TDD switching requirements, which means the TDD switching requirement shall solve the synchronization issues(implicitly), the switching requirements that contains transmitter OFF power and transient period may not able to support the switching operation. The critical parts is that the requirements described above cannot indicate how the repeater should “intentionally” ramp up/down the PA. For instance, this will cause the repeater to have to ramp up the PA when the UL signal reaches the input port, which will lead to the worst case (TDL transient period = TBS transient period + Trepeater transient period) that we mentioned above, and the 10 μs delay will cause a significant impact on GP. Therefore, in order to ensure that the switching operation works correctly, additional switching requirements may need to be introduced to ensure that the repeater can synchronize with the network. 

Observation 2: When The synchronization issues can not be decoupled from TDD switching requirements, in order to ensure that the switching operation works correctly, additional switching requirements may need to be introduced to implicitly solve the synchronization issue of repeater.
Proposal 1: RAN4 should first determine whether the switching requirements are related to synchronization issues. When synchronization can be guaranteed, transmitter OFF power and transient period are sufficient for switching operation, no additional switching requirements are needed.
Conclusions
In this contribution, we shared some considerations on TDD repeater switching requirements, the following proposals are made:

Observation 1: When the synchronization issues can be decoupled from TDD switching requirements i.e. the repeater can be synchronized by default or through other requirements, the switching requirements including transmitter OFF power and transient period could ensure that the repeater successfully completes the switching operation.

Observation 2: When The synchronization issues can not be decoupled from TDD switching requirements, in order to ensure that the switching operation works correctly, additional switching requirements may need to be introduced to implicitly solve the synchronization issue of repeater.
Proposal 1: RAN4 should first determine whether the switching requirements are related to synchronization issues. When synchronization can be guaranteed, transmitter OFF power and transient period are sufficient for switching operation, no additional switching requirements are needed.
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