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1 Introduction
The incoming LS from CEPT ECC PT1 raised some questions regarding TDD synchronized,unsynchronized operation and semi-synchronized operation in 3400-3800MHz [1]. This contribution will introduce the co-existence and synchronization issue for TDD operation. 
2 Discussion

Generally, TDD systems operating on adjacent frequencies need to be synchronized to avoid cross uplink and downlink interference. Different levels of requirements have been applied to TDD synchronization depending on whether it is intra-operator or inter-operator.

1) Intra-operator case, 
TDD synchronization requirement was specified in Section 7.4 in TS 38.133 as below. This is a general requirement for TDD system since UTRA TDD and LTE TDD. It means the frame start timing of base stations in TDD system of the same operator should be aligned within 3us. It can be handled by operators themselves.

7.4.1
Definition
Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.

7.4.2
Minimum requirements
The cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3 µs. 
2) Inter-operator case,

For inter-operator case, synchronization issue is not purely a technical issue. Inter-operator coordination or some administration requirement is needed, which is out of the scope of 3GPP. In the current network of LTE TDD in China (Band 41) and Japan (Band 42), synchronization is a mandatory requirement by the administrations. 
Observation1: 
Frame start timing synchronization is required for LTE TDD networks within the same 






geographic area and on adjacent frequencies.
On top of the above frame synchronization basis, dynamic TDD feature was further introduced in LTE/NR with aiming to offer some flexibility for operator’s uplink/downlink traffic adaption whenever the interference condition allow to do so. E.g. operator can assign the subframe/slot as uplink or downlink depending on the traffic needs and interference condition. From our understanding, this case is similar to the so called “ semi-synchronization” in the LS. There have been extensive discussions on interference issue for different deployment scenarios under eIMTA WI for LTE TDD. The main conclusions are, 
· Significant BS-BS co-existence challenges have been observed to apply different TDD UL-DL configurations in different cells for scenarios 1-4 without any interference mitigation mechanisms.

· It is feasible to apply different TDD UL-DL configurations in different cells for scenarios 1 – 4, only provided sufficient interference mitigation mechanisms are adopted. 

· Significant BS-BS coexistence challenges have been observed when different TDD UL-DL configurations are applied in different cells for scenarios 5-8 without any interference mitigation schemes. Preliminary results with interference mitigation mechanisms were submitted but no conclusion on coexistence feasibility with interference mitigation mechanisms has been made.

From the study results of eIMTA, semi-synchronization is feasible with the aid of interference mitigation scheme. However, it should be noted that the interference mitigation schemes are only specified for intra-operator. For inter-operator case, it is still pending. Although they are for LTE TDD, these conclusions are also applicable to NR TDD operation.
Observation 2:  For some deployment scenarios, it is feasible to operate the NR TDD systems in semi-







synchronized manner with the aid of interference scheme for inta-operator. Full 





    

synchronization is still needed for inter-operator due to the interference mitigation difficulty. 
Draft LS reply to ECC.

------------------------------------------------------------start of LS draft-----------------------------------------------------------------

3GPP would like to thank CEPT ECC PT1 on the coexistence of NR-NR and NR-LTE networks with synchronised, unsynchronised and semi-synchronised operation in 3400-3800 MHz.  

3GPP does not conduct specific study for NR/NR and NR/LTE for 3400-3800MHz. However, 3GPP carried out extensive co-existence studies in eIMTA WI for the scenarios listed in the annex. The conclusions are seen also applicable to NR TDD and are listed as below, 

· Significant BS-BS co-existence challenges have been observed to apply different TDD UL-DL configurations in different cells for scenarios 1-4 without any interference mitigation mechanisms.

· It is feasible to apply different TDD UL-DL configurations in different cells for scenarios 1 – 4, only provided sufficient interference mitigation mechanisms are adopted. 

· Significant BS-BS coexistence challenges have been observed when different TDD UL-DL configurations are applied in different cells for scenarios 5-8 without any interference mitigation schemes. Preliminary results with interference mitigation mechanisms were submitted but no conclusion on coexistence feasibility with interference mitigation mechanisms has been made.

From the conclusion, semi-synchronization is feasible with the aid of interference mitigation scheme. Since currently there is no inter-operator interference mitigation scheme specified, 3GPP is of the view that inter-operator operation of NR TDD should be synchronized. Synchronization should be mandated by the administrative for multi-operator deployments.

--------------------------------------------------------------end of LS draft----------------------------------------------------------------
3 Proposal
This contribution discussed the co-existence and synchronization issue for TDD operation with regard to the incoming LS from CEPT ECC PT1. A draft LS reply is also provided.
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5 Scenarios of eIMTA
Scenario 1: This scenario assumes multiple Femto cells deployed on the same carrier frequency
Scenario 2: This scenario assumes multiple Femto cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and Femto cells can adjust UL-DL configuration.

Scenario 3: This scenario assumes multiple outdoor Pico cells deployed on the same carrier frequency.

Scenario 4: This scenario assumes multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration.

Scenario 5: This scenario assumes multiple Femto cells and multiple Macro cells deployed on the same carrier frequency where all Macro cells have the same UL-DL configuration and Femto cells can adjust UL-DL configuration.

Scenario 6: This scenario assumes multiple outdoor Pico cells and multiple Macro cells deployed on the same carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration.
Scenario 7: This scenario assumes multiple Macro cells deployed on the same carrier frequency for one operator and multiple Macro cells deployed on an adjacent carrier frequency for another operator, where all victim Macro cells deployed on the same carrier have the same UL-DL configuration and all aggressor Macro cells deployed on an adjacent carrier frequency can adjust UL-DL configuration.
Scenario 8: This scenario assumes multiple Macro cells deployed on the same carrier frequency.
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