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Discussion
1
Introduction
Dual Connectivity in [1] was discussed in RAN1 and RAN2 for several meeting cycles. In RAN1#76 LS [2] was sent out to RAN4 as below: 
“RAN1 discussed synchronization assumption between MeNB and SeNB for dual connectivity and agreed following working assumptions:

· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 30.26 + X micro sec

· Note: The value X is up to RAN4 decision on the potential requirements of synchronization accuracy between MeNB and SeNB

· 
Dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB

· 
SFN-level alignment across MeNB and SeNB is up to RAN2 decision”

It is expected the RAN4 to decide the maximum received timing difference from MeNB and SeNB taking into account the information from the LS. 
This paper will discuss on the network deployment and UE behaviour which may relevant with the Maximum received timing difference.  
2
Discussion 
Supported network scenario for Dual Connectivity 
The Dual Connectivity(DC) 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 [1], the below scenarios was considered where the backhaul technologies categorised as non-ideal backhaul in TR 36.932[4] are assumed. Fibre access which can be used to deploy Remote Radio Heads (RRHs) is not assumed in this study. HeNBs are 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 is for dual connectivity in [3]: Scenario #2 is the deployment scenario where macro and small cells on different carrier frequencies (inter-frequency) are connected via non-ideal backhaul.
Observation 1: Both co-located and non-collocated scenarios could possibly 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 later analyzed in UE aspects. Also with the non-collocated scenario, the maximum received timing difference from MeNB and SeNB could be coped should be discussed.
Maximum received timing difference from MeNB and SeNB by network scenarios
In below 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: non-collocated dual BS(BBU)s with extended coverage on hot spots for dual connectivity.

For Rel.11, A UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in inter-band non-contiguous CA. The principles of UE coping with a relative propagation delay difference up to 30us among the component carriers to be aggregated in inter-band CA are not changed. However for the dual connectivity cases, whether the same CA time difference should be considered between MeNB and SeNB are still need to further discuss.
It is already decided as a working assumption in RAN1 the both synchronization and non-synchronization scenarios for Master and Secondary eNB should be supported for dual connectivity [5][2].
· The CA TAE for inter-band CA is 260ns. That final limitation comes from the BS receiver demodulation for UL signals of the UEs on different carriers in single TAG so that the 2 UL signals of single TAG should be within the scope of the CP. And the factors of TA accuracy, TA adjustment accuracy, UE DL reception uncertainty and the channel dispersion were considered together with TAE, all of those will impact the UL timing of the UEs[6]. However in dual connectivity the UL CCs transmitted to MeNB and SeNB always belong to different TAG (and in addition it may be possible to have Rel-11 multiple timing advance operation within MeNB) thus as for the collocated case the time difference between cell A for F1 and Cell C for F2 should be allowed with 1.3us of Time alignment error.
· A notable case is cell 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-collcated 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 and take into the non-idea backhaul, the timing between A and C of different BSs do not need to follow the 0.26us restriction, and 1.3us should be assumed between A and C. Furthermore, consider the dual connectivity from cell C and B, in case A/C and B are assumed synchronized, it is possible to consider A and B at most with 3 us timing difference, thus it is possible for a timing difference of 1.3+3us from antenna of cell C and B for dual connectivity.  

· Another typical case could be cell A and C are collocated and provided by an inter-band CA BS, where TAE in between is 0.26us. And cell B is from another BS with non-ideal backhaul in between from B and C. Thus the timing difference of B and C is 0.26+3us for dual connectivity from antenna. But for analysis the largest case, i.e.(1.3+3)us should be focused.    

· For the synchronization eNBs, also considering into the timing difference between the Macro and the small cell which are non-collocated, and especially the non-ideal backhaul, thus the timing alignment should take the 3us cell phase synchronization accuracy into account before checking further limitations from BS and UE behaviours on Tx/Rx, i.e. (30+1.3+3)us for further check. 

· For the un-synchronization eNBs, there are even no further restrictions for time/cell phase alignment considerations between MeNB and SeNB. However, further BS and UE behaviours on Tx/Rx should be checked for any limitation.

Observation 2: For the synchronization eNB cases, consider (30+1.3+3)us for further check any limitations from BS and UE behaviours on Tx/Rx  
UE behaviour and relevant power allocation 
From UE point of view dual connectivity has several commonalities with 2UL interband CA. It is expected that the same UE RF architectures will be used in UEs supporting dual connectivity as in UEs supporting 2UL interband CA. Therefore it seems natural that, at least for the case with synchronized eNBs, UE RF requirements follow interband CA band combination classes and requirements defined for those.

Observation 3: Requirements that will be defined for 2UL interband CA could work as a baseline for dual connectivity, at least when considering synchronized eNBs. And the MTAG could be always assumed. 
As the maximum timing difference for synchronized eNBs will be very similar to Rel-11 MTA, configured transmitted power (section 6.2.5A in 36.101) could be handled similarly. 
However, for asynchronous eNBs power control in overall is more complex [7]. If the persistent power allocation is always assumed in 2 carriers, then it is no limitation for the timing alignment for MeNB and SeNB at all. But if not the persistent power allocation, and dynamic power allocation between 2 carriers in each TTI, the two carriers UL SF should be aligned in some extent. As the timing difference will be larger, it is also more likely that one Tx/Rx branch will be turned on/off while there is an ongoing transmission/reception in another Tx/Rx branch. More studies may be needed on what effects ramping up tx power in band X has on the ongoing transmission in band Y in terms of e.g. modulation quality.

Similarly as non-contiguous uplink intraband CA, dual connectivity is not suitable for non-collocated deployments in intraband configurations [4]. Also other intraband deployments are questionable, as the large timing difference is problematic for single PA UE architecture. 
Observation 4: Compared to 2UL interband CA, dual connectivity may introduce additional considerations on glitches and/or interruptions under larger timing difference in the un-synchronization case.
Observation 5: Dual connectivity work should concentrate on interband deployment scenarios in Rel-12 for non-collocated deployments.
Summary for Maximum received timing difference take into account UE behaviour: 

Since the receiving BS is MeNB and SeNB separately, thus there are no limitations from the BS receiving side. In additional, the UE power allocation assumption for synchronised eNBs is quite similar with the inter-band CA case, that 30us propagation delay at least to be supported as the same assumption. For the non-synchronization case, it may still need further discussion.
The UE supported received maximum DL timing difference for dual connectivity could refer to the similar discussion approach for inter-band CA, that firstly taking the 30us as baseline for supported propagation delay and then checking the network scenarios. Providing the possible maximum timing difference from antenna of MeNB and SeNB as 1.3+3us, the UE supported received maximum DL timing difference should be 34.3us. 
Proposal 1: Consider 34.3us, i.e. (30+1.3+3)us for Dual connectivity UE supported maximum received timing difference from MeNB and SeNB for the synchronized case. 
For the un-synchronization eNBs, there are even no further restrictions for time/cell phase alignment considerations between MeNB and SeNB, however the UE power control in overall is undecided thus it is too early to conclude the UE supported received timing difference in this case. For persistent power allocation solution there are no limitation at all, however if dynamic power allocation, there may have some limitation for UE supported received timing difference.     
3
Conclusion

We provide analysis on the network scenario and UE behaviour for dual connectivity, and provide proposal for UE supported maximum received timing difference from MeNB and SeNB. 
Observation 1: Both co-located and non-collocated scenarios could possibly be supported by Dual connectivity. However, for non-collocated scenarios only the case of inter-band could be considered due to the UE RF limitation. Also with the non-collocated scenario, the maximum received timing difference from MeNB and SeNB could be coped should be discussed.
Observation 2: For the synchronization eNB cases, consider (30+1.3+3)us for further check any limitations from BS and UE behaviours on Tx/Rx.  
Observation 3: Requirements that will be defined for 2UL interband CA could work as a baseline for dual connectivity, at least when considering synchronized eNBs. And the MTAG could be always assumed. 
Observation 4: Compared to 2UL interband CA, dual connectivity may introduce additional considerations on glitches and/or interruptions under larger timing difference in the un-synchronization case.
Observation 5: Dual connectivity work should concentrate on interband deployment scenarios in Rel-12 for non-collocated deployments.

Observation 6: For the un-synchronization eNBs, there are even no restrictions for time/cell phase alignment considerations between MeNB and SeNB, however the UE power control in overall is undecided thus it is too early to conclude the UE supported received timing difference in this case.
Proposal 1: Consider 34.3us, i.e. (30+1.3+3)us for Dual connectivity UE supported maximum received timing difference from MeNB and SeNB for the synchronized case. 
Proposal 2: Check RAN1 updates on UE power control to understand the UE supported received timing difference for un-synchronized case.
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