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1 Introduction
The last meeting was the 1st for the RF repeater WI, the WF [1] was approved which highlighted some of the issues specific to the TDD repeater. 
This paper discusses the issues raised in [1].
2 Discussion
2.1 TDD switching requirement
It was agreed in [1]:
· RAN4 specify RF requirements based on the assumptions of TDD repeater has to synchronize to the gNB for TDD DL-UL pattern 
· FFS whether dedicated requirements need to be specified for the sync with gNB
· FFS the exact methods to achieve sync with gNB in repeater side, implementation based on solution not excluded;
· RAN4 should respect the WID scope, to focus the discussion which aligned with the WID
Note: The definition of “ precise of synchronization between TDD repeater and the gNB for TDD DL-UL pattern” need to be further clarified in RAN4  
There are 2 FFS in this list, the need for a dedicated requirement and how synch is achieved.
In the existing UTRA TDD requirement there is a timing accuracy requirement which consists of a mask similar to the TX off mask in the BS requirement.
If we look at the 2 together
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Figure 1: UTRA TDD BS TX OFF mask
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Figure 2: UTRA TDD UE TX OFF mask
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Figure 3: UTRA TDD repeater TX OFF mask
If we consider what could happen if there were no requirement:
DL gain remains on in UL TS:
The BS signal would have disappeared so this could not be amplified.
The UE will have started Tx in the UL but the gain would not be present
UL signals may be picked up by the BS side repeater antennas and amplified in the wrong direction causing interference.
UL gain remains ON in DL TS
UE is no longer transmitting so the UE signal cannot be amplified. 
BS is transmitting but repeater gain is in wrong direction, UE’s serviced by repeater will not get any signal.
Noise from remote BS (on other side of repeater) could get amplified and cause interference to UEs on BS side of repeater.
A TDD repeater which does not switch in time therefore has the potential to certainly not function correctly and also may risk causing additional interference to the network. A TDD switching profile appears to be necessary.
Observation 1: A TDD switch requirement is necessary.
The method to achieve synch is not mentioned in the UTRA TDD specification, however the gain envelope requirement is with respect to the DL or uplink burst as defined at the BS.
Clearly for the UTRA TDD system the BS has no knowledge of the repeater and no special signaling is present, as such the method of synchronization is not mentioned, only that it must be done.
The test method for the UTRA TDD requirement implies however that the timing I recovered from the RF burst timing as the defined test signal does not seem to include any control channels?
Observation 2: The UTRA TDD timing requirement does not include information on how synchronization is achieved, however the test method implies its from the RF burst pattern.
It has been agreed that the WI is intended to specify only a “dumb” RF repeater and that no repeater specific signaling is to be considered. Therefore the repeater only has the option of limited means to control its switching
· Demodulate control channels and recover the necessary timing information 
· Detect the RF coming from BS/UE and switch based on this envelope.
· Use external time reference and switch based on a pre-configured set up.
Ultimately for the requirement it is not important which of these (or any other) is used, only that the repeater meets the requirement. Clearly using the RF burst may require the BS signal to be of a certain amplitude to be detect so could place some deployment restrictions on the repeater. The current UTRA TDD test is done at 1/8th of the BS full power (9dB down) so is perhaps not comprehensive enough to guarantee performance when deployed properly where the wanted signal will be 7dB or more lower than the BS Tx power. This should be considered when setting the test parameters.
The test method should therefore perhaps be tailored to the recovery method (which could be declared) or at least made suitable for all envisaged type of control.
Observation 3: There is no need to specify how the timing information is generated.
Observation 4: The test set up should be suitable for the timing recovery method
2.2		Dynamic TDD
There are a number of things to be considered with dynamic TDD. Based on the WID description we cannot expect any repeater specific signaling so if the information is not available to the broadcast signals we cannot get access to it.
There are 2 questions we should consider however 
1. Can we implement a dynamic TDD repeater
2. Should we implement a dynamic TDD repeater.
Considering we cannot get any specific signaling is dynamic TDD possible to support? If the switching was dynamic based on the RF envelope then it’s possible it could react to changes in the TDD pattern. If it’s is possible then some level of support may be possible for some repeaters. So it is at least theoretically feasible to support.
As to should we support it, dyanic TDD netyworks rely on high isolatin between the nodes which atre operating with different UL/DL patterns
The study into cross link for dynamic TDD (TR 38.828) forund:
FR1 Macro-to-Macro scenario
-	Performance degradation was observed from the BS-to-BS interference for macro-macro scenario, which suggests that dynamic TDD should not be operated in such scenarios.
FR1 Indoor scenarios (Indoor-to-Macro and Indoor-to-Indoor)
-	Performance degradations were not observed from operating dynamic TDD between an indoor network and a macro network and vice versa if there is sufficient isolation between them. No significant impact from operating dynamic TDD for the indoor scenario was observed as long as the BS and UE powers are similar and the operators co-ordinate so that basestation positions are offset. If higher BS power is assumed, some throughput degradation in the indoor scenario was observed due to BS to BS interference. The observations imply that dynamic TDD can be used in indoors as long as care is taken.
FR2 Macro-to-Macro scenario
-	Some performance degradation was observed from the BS-to-BS interference for macro-macro scenario. The differences in the simulation results imply that operating dynamic TDD in this scenario without impact to neighbor network may be deployment dependent and requires at least careful planning and collaboration between operators to avoid performance impact.
Indoor scenarios (Indoor-to-Macro and Indoor-to-Indoor)
-	Performance degradations were not observed from operating dynamic TDD between an indoor network and a macro network if there is sufficient isolation between them. Results suggested that to avoid degradation, careful layout and parameterization are necessary for indoor to indoor scenario. Overall, the observations imply that dynamic TDD can be used indoors as long as care is taken. interference with 
The only suitable scenarios (without careful planning) were involving indoor deployments. However if indoor UE’s are served with their own BS it in unlikely that they would need a repeater. The scenarios for dynamic TDD and those for a repeater do not seem compatible.
The risk of the repeater breaching the isolation between the 2 nodes on different TDD patterns is high, hence it seem wise to avoid using repeaters in networks where dynamic TDD is employed.
Observation 5: Dynamic TDD networks require high isolation between different nodes to operate, which can require careful planning,  this is not compatible with using repeaters. Repeaters should not be used in dynamic TDD networks.
 
3	Summary
In this paper some of the TDD timing raised in the WF [1] were discussed and the following observations made:
Observation 1: A TDD switch requirement is necessary.
Observation 2: The UTRA TDD timing requirement does not include information on how synchronization is achieved, however the test method implies its from the RF burst pattern.
Observation 3: There is no need to specify how the timing information is generated.
Observation 4: The test set up should be suitable for the timing recovery method
Observation 5: Dynamic TDD networks require high isolation between different nodes to operate, which can require careful planning,  this is not compatible with using repeaters. Repeaters should not be used in dynamic TDD networks.
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