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1 Introduction

During RAN4#98-e, a WF was agreed on TDD aspects for repeaters [1]. This contribution reviews TDD aspects and in particular the open issues in the WF.
2 Discussion

Synchronization
It was agreed at RAN4#98-e that the repeater requirements should assume synchronization. The precision with which synchronization should be achieved was left as an open issue. Also, for discussion is the means to achieve synchronization and the need for dedicated requirements on synchronization with the gNB.

In most TDD deployments, synchronization is essential to avoid severe degradations due to interference. In addition to synchronization between nodes of the same network, adjacent operators must also synchronize to avoid cross-operator interference. 

The precision of synchronization can directly impact the performance of the network. Synchronization inaccuracy will impact the length of guard period needed, which in turn impacts capacity. The higher the output power of the repeater, the greater is the chance of causing interference in more distant cells and the tighter needs to be the synchronization.

The gNB specifications assume TDD synchronization. If non-synchronized networks between operators would be an assumption, then much tighter requirements on TX emissions and RX selectivity would be needed. There are a variety of means for BS to achieve synchronization and the BS specs do not constrain or set requirements on how the synchronization should be achieved.

If the repeater specifications follow the approach to the BS, then there is no need to make assumptions on how the synchronization is achieved nor to set requirements on the accuracy of the synchronization.

Observation 1: If the same approach is follows as for BS, then there would be no requirement on synchronization for a repeater (but the specifications would be drafted with the assumption that synchronization is achieved).
UEs need to achieve synchronization by detecting the SSB. There is an implicit testing that synchronization is achieved because other UE tests are dependent on setting up a connection to the UE, which would not be possible if synchronization would not be achieved. The accuracy of synchronization for the DL must be sufficient to achieve demodulation requirements. For the UL, synchronization is adjusted by means of timing advance.

Observation 2: UE DL synchronization is tested implicitly

For low-cost repeaters, a very likely method to achieve synchronization is based on detecting the SSB from the gNB. However, there are alternative means to synchronize and an implementation should not be forced to detect SSB. Similar to a BS, the requirements can be based on assuming synchronization and similar to a UE, synchronization can be tested implicitly as part of the repeater testing.
Proposal 1: No need for a requirement relating to synchronization

DL/UL configuration detection
A second question is how the repeater is made aware of the DL/UL configuration. Four options were considered:

· Option 1: via the cell broadcast information

· Option 2: via proprietary application layer signaling 

· Option 3: via detecting over the air

· Option 4: via pre-configuration
All of these options do not require any changes in RAN, so in one sense there is no need to decide which option is applicable. For options 2 and 4, the repeater would be configured by proprietary means for the test. For options 1 and 3, the repeater would detect and apply the pattern during the test.
Observation 3: There is no need to decide which of the options 1-4 is used

Observation 4: For the test, the repeater could be (pre-) configured if applicable.
Dynamic TDD
The WF also contained a consideration on whether dynamic TDD for repeaters may be considered. The scope of the WI excludes new dedicated Uu signaling to the repeater (since this would involve RAN1 or RAN2). However, if the repeater could detect the TDD pattern from existing signaling then it could apply dynamic TDD. A test would be an extension of the test in observation 5.

Observation 5: Dynamic TDD can be operated as long as the repeater can detect the pattern from existing Uu signalling.
Dynamic TDD is in many scenarios likely to cause severe inter-operator BS-BS interference. Thus, the applicability and usefulness of repeater dynamic TDD should be carefully considered.

Observation 6: Dynamic TDD operation may cause severe inter-operator interference in outdoor scenarios.
UL timing knowledge and group delay
The UL transmission timing will need to be adjusted so that UL reception is aligned at the gNB. It is not in the scope of the WI to develop Uu signaling or procedures at the repeater for achieving this. The gNB can, however continue to control the UL timing by means of sending TA commands to the UE. At the UE, the guard period must be large enough to accommodate the largest envisaged timing advance.

The guard period must also be large enough so that the DL/UL timing offset is accommodated at the repeater. Since the repeater receives the DL sooner than the UE and needs to transmit (i.e. forward) the UL later than the UE, if the GP is sufficient at the UE then it will be more than sufficient at the repeater.

Observation 7: UL timing can be adjusted by timing advance at the UE

The group delay of the repeater will impact the amount of timing advance needed at the UE. In effect, repeater group delay is an extension of the UE to gNB distance. The larger the timing advance, the larger is the guard period that needs to be configured. Configuring larger GP reduces capacity. Thus, the repeater group delay has the potential to directly impact capacity.

Observation 8: Repeater group delay will impact throughput and capacity
A requirement on group delay is not strictly necessary, since long group delay would reduce capacity but not impact other networks.

Observation 9: There is no need for a requirement on group delay
3 Conclusion

This contribution has further considered TDD aspects of repeaters. Based on these considerations, we propose that a requirement on synchronization via SSB, a requirement on correctly applying the (dynamic) TDD pattern and a requirement on group delay may be further discussed and considered.

Proposal 1: No need for a requirement relating to synchronization
Proposal 2: No need to agree on 3GPP on how the repeater detects the DL/UL pattern
Proposal 3: No need for a requirement on maximum group delay
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