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1
Introduction
During RAN4#70Bis meeting, a WF [2] on Dual Connectivity was agreed. Agreements captured in this WF state that:

· Received timing difference for DC is derived from the followings

· (A) Relative propagation delay difference between MeNB and SeNB　 

· (B) Tx timing difference between antenna connector between MeNB and SeNB 

We believe that discussion on Tx timing difference between antenna connectors of MeNB and SeNB in synchronized case should be based on conclusions of supported network deployment scenarios of Dual Connectivity. Thus, this contribution analyzes considered network deployment scenarios and discusses how those scenarios reflect (A) and (B).
2
Discussion on network deployment scenarios for Dual Connectivity
The Dual Connectivity work item [1] aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. 
As the Dual Connectivity taking the conclusions of the Study Item report 36.842 [3] as starting point of [1], the below scenario was considered, where the backhaul technologies categorised as non-ideal backhaul in TR36.932 [4] are assumed. Fibre access which can be used to deploy Remote Radio Heads (RRHs) was not assumed in this study. HeNBs were not precluded, but not distinguished from Pico eNBs in terms of deployment scenarios and challenges, even though the transmission power of HeNBs is lower than that of Pico eNBs. The scenarios#2 from [3] assumed for Dual Connectivity is as follows:
Scenario #2 is the deployment scenario where macro and small cells on different carrier frequencies (inter-frequency) are connected via non-ideal backhaul.
The RAN1 and RAN2 discussion is more focused on the non-collocated case, however the collocated scenario does not need to be precluded. Furthermore, the Dual Connectivity provides new opportunities for operator to utilize CA across different BSs. For example, cells from different BSs in different bands could be aggregated via Dual Connectivity to increase the date rate in UEs, considering the operators will own more and more spectrums in future, it may be difficult to implement all the CA combinations in single BS. In that sense, the co-located scenario is reasonably to be considered in Dual Connectivity. 
Based on this scenario the following observation can be made:

Observation 1: Both co-located and non-collocated scenarios are possible to be supported by Dual Connectivity. 
However, for non-collocated scenarios only the case of inter-band could be considered due to the UE RF structure limitation, as the large timing difference is problematic in case of single PA UE architecture, similarly to non-contiguous uplink intra-band CA. 
Below are presented considered possible network deployment scenarios of Dual Connectivity. In scenario of Figure 1 for Dual Connectivity, the non-collocated dual BS(BBU)s are with overlaid coverage on hot spots. It is most likely the Master eNB will be on F1 with larger coverage, and the Secondary eNB will be on F2 with hot spots coverage, and F1 and F2 are in different bands.
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Figure 1: Non-collocated dual BS(BBU)s with overlaid coverage on hot spots for dual connectivity.

In another scenario for Dual Connectivity shown on Figure 2, the collocated dual BS(BBU)s and non-collocated small cells are with overlaid coverage. It is most likely that the Master eNB will be on F1 with larger coverage, and the Secondary eNB will be on F2 for the additional coverage for hot spots, extending the coverage of co-channel Macro coverage. And F1 and F2 are in different bands.
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Figure 2: Collocated and Non-collocated dual BS(BBU)s with extended coverage on hot spots for dual connectivity.

A notable case of scenario in Figure 2 is cells A and C are provided by two collocated BSs, they may be connected with non-idea backhaul. And cell A and B are provided by one non-collocated Macro BS and its RRH with fibre connection in between. Considering the Dual Connectivity from cell A and C, multiple TAG for inter-band collocated case is still possible (as Dual Connectivity UE has to support multiple TAGs) and taking into the non-idea backhaul, the timing between A and C of different BSs do not need to follow the 0.26us restriction of TAE for single TAG, so 1.3us should be assumed between A and Cs as the value more relaxed for multiple TAG case, same with the original value for inter-band CA before the changes due to single TAG. It is still possible to investigate whether further relaxation is feasible. Furthermore, considering the Dual Connectivity from cell C and B, in case A/C and B are assumed synchronized, it is possible to consider cell A and cell B at most with 3us timing difference, which value is equal to cell phase synchronization accuracy for TDD of overlapped coverage, thus it is possible for a timing difference of 1.3us + 3us from antennas of cell C and B, where the C and B may not be in the same frequency or adjacent frequency that the timing offset on antenna connector is not necessary within 3us.     

Another typical case of scenario in Figure 2 could be cells A and C are collocated and provided by an inter-band CA BS with single TAG, which means that TAE in between those cells is 0.26us. Cell B is from another BS with non-ideal backhaul in between from B and C, so time difference between A and B is still 3us as in previous case. 

Taking into account above analysis it is clear that the Tx timing difference observed on antenna connector between MeNB and SeNB in synchronized case of Dual Connectivity can be 1.3us + 3us, i.e. 1.3us considered for collocated case, and maximum 4.3us considered in non-collocated case for the Tx timing difference between antenna connectors from MeNB and SeNB. More detailed analysis of maximal Tx timing difference between antenna connectors of MeNB and SeNB in synchronized case of Dual Connectivity is presented in [5]. 

Observation 2: Possible maximal Tx timing difference observed on antenna connector between MeNB and SeNB in synchronized case of Dual Connectivity can be 1.3us + 3us on top of relative propagation delay difference, i.e. 1.3us considered for collocated case and maximum 4.3us considered in non-collocated case. 
3
Conclusion

This contribution provides analysis on possible network deployment scenarios for Dual Connectivity which leads to following observations:
Observation 1: Both co-located and non-collocated scenarios are possible to be supported by Dual Connectivity. 
However, for non-collocated scenarios only the case of inter-band could be considered due to the UE RF structure limitation, as the large timing difference is problematic in case of single PA UE architecture, similarly to non-contiguous uplink intra-band CA.
Observation 2: Possible maximal Tx timing difference observed on antenna connector between MeNB and SeNB in synchronized case of Dual Connectivity can be 1.3us + 3us on top of relative propagation delay difference, i.e. 1.3us considered for collocated case and maximum 4.3us considered in non-collocated case.
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