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1. Introduction
Support and operation of Repeaters in TDD was discussed in RAN4#98 and a WF listing several open issues was agreed in [1].  In this paper we discuss these issues.
2. Discussion
Synchronization

Synchronization assumptions were discussed in the last meeting and it was agreed that requirements for TDD should be developed under the assumption that repeater synchronizes to the network timing and is also aware of the UL/DL TDD pattern. Few of the details regarding synchronization were left open.

need for sync accuracy requirements? maybe discuss in the performance part?
Regarding the methods to achieve synchronization, there doesn’t seem to be a need to specify any concrete method, however, to develop the requirements the baseline assumption should be that the repeater acquires synchronization by using the synchronization signals broadcast by gNB(PSS/SSS). This is likely to be the method most widely used in practice.
Proposal 1. Baseline assumption for synchronization should be based on synchronization signals broadcast by the gNB.

Knowledge of UL/DL split

The method for the repeater to acquire the DL/UL split was left FFS in [1] with multiple options listed. Even if no method will be explicitly included in the specifications(basically no method is precluded), the simplest method is to acquire  this information via the cell broadcast. This should be the baseline method to develop the requirements. 

Using application layer signaling assumes a much higher complexity because the repeater would need to have a full IP communication stack while 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.
Proposal 2. Baseline assumption for the knowledge of UL/DL split should be that it is acquired from the cell broadcast information.

The UL/DL split contained in the broadcast information also contains some slots marked as “flexible” that can be configured as either UL or DL by RRC or dynamically assigned. Handling of this is discussed in Section 2.3.
Support of Dynamic TDD

Dynamic TDD is supported in NR by marking some slots as “flexible” in the UL/DL configuration broadcast by the cell and assigning these as DL or UL through dedicated RRC signaling or dynamically through DCI. Some level of support of dynamic TDD is needed for repeaters, otherwise, there will be system performance issues in the future. Even if dynamic TDD is not widely used currently, this could change in the future. If the repeater is only able to understand the duplex direction for the slots statically marked as DL or UL (“D” or “U” in the cell broadcast information), it would have to shut down in the flexible subframes and cell coverage/capacity will be severely affected.
Observation 1. No support for dynamic TDD for repeaters will lead to reduce the system coverage/capacity.

In order to have a minimal level of support for dynamic TDD, a broadcast message with a further configuration of D/U for slots marked as F should be introduced. The message could be broadcast often to enable the possibility of changing the semi-static configuration for “F” on a short time scale.

Proposal 3. Introduce a broadcast message with UL/DL configuration for the flexible slots to enable repeater support of dynamic TDD.
Group Delay

The need for a group delay requirement was discussed in RAN4#98-e and was left as FFS in [1]. An upper bound on the delay introduced by a repeater is needed to ensure good system performance. Also, the delay should ideally be smaller than the CP to avoid interference issues in both DL and UL for UEs that could see signals from both the repeater and direct from the base station.

Proposal 4. Introduce a group delay requirement.

For the case of TDD, the GP set by the gNB should be large enough to also cover the delay introduced by the repeaters. If this is not the case, there would be some interference issues, however, this is no different from the case without repeaters in which the GP is not long enough.

UL timing knowledge

Another open issue in [1] was whether the repeater needs to have knowledge about UL transmission timing or not. In TDD, repeater operation should be such that it would switch between UL and DL based on the UL/DL configuration. As such, if there is a switching time requirement defined and the repeater has an understanding of the system time/slot length which is inherently needed in TDD operation, it would not need any knowledge of exact UL transmission timing. However, a DL to UL/UL to DL switching time requirement is needed.
Observation 2. There is no need for the repeater to have any knowledge of UL transmission timing.

Proposal 5. Introduce requirements for DL to UL/UL to DL switching delay.
3. Conclusion
In this paper we discussed the open issues captured in [1]. Based on the analysis, we made the following observations and proposals:
Proposal 1. Baseline assumption for synchronization should be based on synchronization signals broadcast by the gNB.

Proposal 2. Baseline assumption for the knowledge of UL/DL split should be that it is acquired from the cell broadcast information.

Observation 1. No support for dynamic TDD for repeaters will lead to reduce the system coverage/capacity.

Proposal 3. Introduce a broadcast message with UL/DL configuration for the flexible slots to enable repeater support of dynamic TDD.
Proposal 4. Introduce a group delay requirement.

Observation 2. There is no need for the repeater to have any knowledge of UL transmission timing.

Proposal 5. Introduce requirements for DL to UL/UL to DL switching delay.
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