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I. Introduction
In RAN4#99-e meeting, several questions were raised regarding TDD switching requirements [1]. Whilst some questions remain outstanding, this contribution addresses some of those open questions and additional aspects relating to TDD switching requirements. 
II. Discussion
In [1] the following list of open questions were identified as a basis to be further studied for TDD repeaters switching requirements:
· How to differentiate the two directions (UL/DL) 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?
· Is a group delay requirement needed?
· 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.

A. TDD pattern knowledge
In TDD repeaters, operation should be such that it would switch between UL and DL based on the TDD pattern (i.e., UL/DL configuration) which was agreed in RAN4 to be known via the cell broadcast. In specific, UEs can learn the UL/DL patterns from the RRC configurations, either via SIB or some proprietary means. Such patterns are static or at least semi-static allowing semi-static UL/DL switching at the repeater. This should be the baseline method to develop the requirements. Additional methods, such as higher layers signaling are complex as the repeater would need to have a full IP communication stack. Additionally, if pre-configuration is used, the maintenance and handling of possible changes in UL/DL split will become unnecessarily complicated. Detection over the air is likely to require a longer study to check the reliability and how to set requirements. 
B. Switching Gain
For a TDD repeater an updated figure, compared to [1], of the TDD repeater operation is shown in Figure 1. As observed, there are fundamentally two distinctive switching periods, namely DL to UL and UL to DL switching periods. Each entails the signal switching-off delay (i.e., ramp down), a switching interval between the DL and UL, and switching on-time advance (i.e., ramp up). We can also see that the guard periods depend on the switching delay. The guard period between UL/DL will be configured by the gNB. In addition, the switching time will be a constant for a repeater irrespective of the propagation conditions. Ideally, this switching time should be minimized so that it has least impact on how long the guard period should be. RAN4 should discuss further what values of the switching times should be considered. 
Proposal 1. To further quantify the TDD swtiching requirements, an updated diagram for TDD repeater operation is suggested in Figure 1. The guard period should account for the ramping periods as well as the switching intervals.
Proposal 2. The guard period will depend on the switching delays. RAN4 should discuss further what values of the switching times should be considered.
With the presence of a stimulus signal that is always on, one can estimate the total duration in which the repeater is relaying/transmitting an DL/UL signal. The switching gain represents transmit ON period for DL or UL to the total time of DL or UL operation considering the switching-off delays. From the figure below, the guard period, which represents the DL to UL transition, should account for the ramping periods as well as the switching intervals. To further define the TDD switching requirements, more analysis in RAN4 is required. 
To address the conformance testing issues with the presence of the stimulus signal, more analysis is required to specify switching requirements while keeping in mind the impact of the introduction of this stimulus signal. In addition, TE vendors should confirm the feasibility of such test in conducted and radiated setups. 


Figure 1 TDD switching requirement diagram
Proposal 3. Stimulus signal should be adopted to measure the switching gain. More analysis is required to specify switching requirements while keeping in mind the impact of the introduction of this stimulus signal on conformance testing. TE vendors should confirm the feasibility of such test in conducted and radiated setups.
C. Group Delay
Group delay is dependent on the time budget that is sufficient to cover the switching times between DL/UL transmissions. In details it depends on a number of parameters such as; 1) propagation delay between the gNB, UE, and the repeater (i.e., governed by deployment scenarios and the supported cell ranges), 2) delay within the repeater to account for the switching between the transmission and reception (i.e., timing accuracy of the switch ON/OFF UL/DL hardware), and 3) additional margins to account for propagation delays or hardware impairments within the repeater (e.g., switching guard and BS transient time margins).  To compensate for the different delays at the UE side, UL timing control can be employed via setting the correct timing advance (TA) values. For the DL, the requirements for the repeater ON/OFF periods do not have to be any stricter than those for the base station under the consideration that the group delay assumption is sufficient to capture the different discussed delay components. The guard period between UL/DL will be configured by the gNB and it depends on the propagation conditions (it actually depends mostly on interference coming from other cells). To simplify the process, RAN4 can assume that the repeater should switch X seconds after the end of UL/DL transmission and this X should be based on the group delay. RAN4 can further discuss what this value should be.
Proposal 4. Group delay requirement should capture the different delay components. To simplify the process, RAN4 can assume that the repeater should switch X seconds after the end of UL/DL transmission and this X should be based on the group delay. RAN4 can further discuss what this value should be.
D. Conformance testing issues
[bookmark: _GoBack]It was discussed in [1] if aspects related to TDD switching gain are only conformance or are they relevant for how the core requirement is specified. We think that many of the related aspects in defining switching requirements are relevant to both the conformance testing and the core requirement definitions. An example is the rated output power, which is defined based on [2] as the mean power level per carrier at maximum repeater gain that the manufacturer has declared to be available at the antenna connector. For TDD repeaters, off power requirements and conformance details needs to be specified in order to measure and conform to TDD switching requirements. Thus, RAN4 should continue to discuss conformance-related issues, such as port mapping between Tx and Rx for UL and DL within the repeater, declaration of output power, off power and EVM, and switching time ranges. 
Proposal 5. RAN4 should continue to discuss conformance-related issues, such as port mapping between Tx and Rx within the repeater, declaration of output power, off power and EVM, and switching time upper limits.  
III. Conclusion
Throughout this contribution, we addressed some of the open issues captured in [1]. Accordingly, we made the following observations and proposals:
Proposal 1. To further quantify the TDD swtiching requirements, an updated diagram for TDD repeater operation is suggested in Figure 1. The guard period should account for the ramping periods as well as the switching intervals.
Proposal 2. The guard period will depend on the switching delays. RAN4 should discuss further what values of the switching times should be considered.
Proposal 3. Stimulus signal should be adopted to measure the switching gain. More analysis is required to specify switching requirements while keeping in mind the impact of the introduction of this stimulus signal on conformance testing. TE vendors should confirm the feasibility of such test in conducted and radiated setups.
Proposal 4. Group delay requirement should capture the different delay components. To simplify the process, RAN4 can assume that the repeater should switch X seconds after the end of UL/DL transmission and this X should be based on the group delay. RAN4 can further discuss what this value should be.
Proposal 5 RAN4 should continue to discuss conformance-related issues, such as port mapping between Tx and Rx within the repeater, declaration of output power, off power and EVM, and switching time upper limits.  
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