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1 Introduction
The potential UE performance issues on intra-band LTE-NR DC were brought up and discussed in last NR ad hoc meeting [1]. One of the key observations was, for TDD bands both LTE and NR DL/UL need to be synchronized, or self-interference would occur as there is virtually no Tx/Rx isolation in frequency domain. Though the discussion had led to a way forward to further consider the general synchronization requirements for LTE-NR DC operation not limited to intra-band [2], in this contribution, we focus only on the requirements associated with TDD intra-band as synchronization has the most direct impact to its performance.         
2 Discussion
In TDD systems, intra-network synchronization is usually already implemented in order to avoid interference within the network. The requirement is designed to ensure that the combination of synchronization error, propagation delay to a victim, and multipath delay spread remains less than the smallest Cyclic Preﬁx (CP) length (4.7 s). From that perspective the allowed synchronization error can be estimated to be close to 3 s. This requirement however is on the base station side only. In LTE dual connectivity, the sub-frame timing difference between the signals received from MCG and SCG at UE receiver can be up to 33 us for synchronous network, which includes 30 s propagation delay assumed for non-collocated cell groups and 3 s for network synchronization error as mentioned above. For sub-6GHz LTE-NR DC, we think the same receive timing difference on UE side can also be assumed for synchronous operation.

Observation 1: For sub-6GHz LTE-NR DC, 33s receive timing difference can also be assumed for synchronous operation with non-collocated LTE and NR base stations. 
Now the question is, whether the 33s receive timing difference would be an issue on the UE side for intra-band operation. As illustrated in Figure 2-1, the guard period (GP) in TDD special sub-frame is allocated to accommodate the required timing advance of 60 s and still allow sufficient DL to UL transition time between LTE and NR. On the other hand, the timing advance on NR UL sub-frame would provide further transition time for LTE DL sub-frame as compared to LTE UL sub-frame itself. As a result, the 33s receive timing difference is not seen to be an issue on UE side as there is no DL and UL sub-frame overlap between LTE and NR. 
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Figure 2-1 Sub-frame alignment for non-collocated LTE-NR synchronous operation 
Observation 2: The 33s receive timing difference is not seen to be an issue on UE side as there is no DL and UL sub-frame overlap between LTE and NR under synchronous operation.

Notice that the synchronous operation does not mean only to align the beginning of the frame, the frame configuration also needs to be compatible which in 3GPP’s definition would be no simultaneous transmit and receive in two different systems. And that also implies NR needs to be in the same numerology as with LTE or simultaneous transmit and receive may still occur between LTE and NR.

Though the receive timing difference caused by non-collocation between LTE and NR networks would not result in unwanted simultaneous transmit and receive operation provided they are synchronized, non-collocation may still impact UE UL power control and DL AGC as caused by potential power spectral density (PSD) difference between the two carriers. Substantial PSD difference may also introduce self-interference between the two carriers for both UL and DL. Therefore, collocation is suggested to be the baseline assumption for intra-band DC operation to avoid the potential performance impact to UE.

Observation 3: Collocation and same numerology shall be the baseline assumptions for TDD intra-band LTE-NR DC operation.               

3 Conclusion
In this contribution, we discuss the synchronization requirements for TDD intra-band LTE-NR DC and conclude that collocation and same numerology shall be the baseline assumptions in addition to network synchronization.
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