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1
Introduction
Dual Connectivity (DC) WI has been approved in [1] during RAN Plenary meeting #62.

Early, RAN1 LS [2] has sked RAN4 to define the potential requirement of synchronization accuracy between MeNB and SeNB for Dual Connectivity (DuCo) synchronized case. In the last meeting, RAN4 agreed the WF for further study of this issue as extracted below:

	Agreement in RAN4 #70bis 

   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

Candidate of maximum Received timing difference

· Option 1: Sum of (A) and (B), (A) is the same for CA -> 30 + (B) us

· Option 2: 30.26 us

· Other options are not excluded 

In order to reach a consensus for the maximum received timing difference, companies are encouraged to analyze the positive and negative impact to UE and NW for comparing option 1, option2 and other possible options until RAN4 #71

RAN4 will study the performance of synchronization between MeNB and SeNB to determine the maximum timing difference for dual connectivity


In addition, RAN2 also has reached some agreements for DuCo which may have some impact on RRM requirements as well. In this paper, we provided some views on DuCo RRM aspects. Especially, in context of this contribution we use PSCell to refer the special SCell, i.e., the primary SCell for the SeNB/SCG.

2
Discussion
Maximum received timing difference

In the LS from RAN1, 30.26+X us has been assumed to derive the maximum received timing difference. However, supposing the DuCo is deployed same as non-collocated CA, 30.26us actually comprises of 30us propagation delay difference and 260ns timing alignment error according to the information in TS36.300 for the non-collocated CA scenario. Thus, the propagation delay difference itself should be only 30us rather than 30.26us. 

Observation 1: the relative propagation delay difference between MeNB and SeNB should be 30us.

To derive the potential requirement of synchronization accuracy between MeNB and SeNB, two types of existing eNB synchronization requirements can be referred, i.e., TAE and cell phase synchronization accuracy for TDD operation. Time alignment error (TAE) is defined as the largest timing difference between any two signals from the same eNB, whereas cell phase synchronization required in TDD systems is defined as the maximum absolute deviation in frame start timing between any pair of cells with the overlapping coverage areas. Considering the non-collocated DuCo operation, the cell phase synchronization seems more suitable to be used for deriving the DuCo synchronization requirements. Currently, the cell phase synchronization is defined as less than 3us for the small cells.

Observation 2: Less than 3us can be considered as the maximum Tx timing difference between antenna connectors at MeNB and SeNB.

UE capabilities for synchronized and unsynchronized cases

From the UE implementation perspective, there seems no need to have the separate discussions for the synchronized case and the unsynchronized case unless different UE capability or UE behaviours are expected. The main impact on UE implementation can be from different uplink PC schemes for the synchronized and unsynchronized cases according to the current RAN1 discussion. On the other hand, it should be noted that UE may not know whether it is under the synchronized or unsynchronized scenario due to the change of both Tx timing and propagation delay difference in the unsynchronized case. It may cause inconsistent UE behaviour in case that PC schemes are different depending on the scenarios. From this aspect, it is better not to have the separate UE capabilities for the synchronized and unsynchronized cases.

Proposal 1: Whether to have the separate UE capabilities for synchronized and unsynchronized case should wait for RAN1 decision on PC schemes.

Configuration of measurement gap pattern

Up to release 11, the measurement gap pattern is UE specific, i.e., the measurement gaps are assumed to be applied for all serving cells from eNB scheduling perspective. However, DuCo based on non-collocated inter-band CA is likely to be implemented with separate RF chains for SCell and PSCell separately, especially considering the relatively independent two uplinks with support of PUCCH and RACH procedure on PSCell as well. Accordingly, the cell search in one branch may not necessarily interrupt the other branch. 

Different than CA, the MeNB and SeNB might not be time synchronized. This can result in the unaligned sub-frame boundary between PCell and PSCell. As a consequence, the existing 6 ms measurement gap in MCG (or SCG) may cause the unnecessary scheduling interruption of 7 or 8 ms in the SCG (or MCG), assuming the legacy approach with the common measurement gap is used.

Thus, the independent configuration of the measurement gap patterns for MCG and SCG can be considered to improve the DuCo performance. And the configuration for each gap pattern can optimized separately considering MCG is more for the control and SCG is more for data. 
Observation 3: In DuCo, the UE specific measurement gap (common for MCG and SCG) is not optimal.  

Proposal 2: The independent measurement gap configurations for MCG and SCG should be supported.
As illustrated in Figure 1, the measurement gap pattern can be configured for MCG and SCG with either the legacy approach based on the common gap pattern or the independent gap patterns.
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Figure 1: Measurement gap pattern configurations for MCG and SCG in DuCo
Measurement report for PSCell

As per the agreements so far the MeNB maintains the RRM measurement configuration of the UE and, e.g. based on received measurement reports or traffic conditions or bearer types, decide to ask SeNB to provide additional resources (serving cells) for a UE. Since the special cell on SCG is similar in criticality amongst SCG cells to the PCell on MCG, it is important for the network to make sure that a suitably strong cell is configured as the special cell on SCG. As UE’s transmit power is split between the PCell and the special cell in SCG. A stronger special cell would mean lower transmit power in the uplink (for same allocation and MCS) towards the special cell and better reliability of uplink control channel to both the eNBs. Additionally, selecting best possible special cell among all frequencies early enough would decrease the chance of radio link failure (RLF) on SCG. RLF on SCG has a strong negative effect on UEs performance as the UE shall stop uplink transmission toward SeNB when RLF occurs. And the UE will not start full RRC connection re-establishment procedure after RLF on special cell of the SCG. So the dual connectivity operation is stopped and bearers served by SCG cannot transmit uplink or downlink data when RLF occurs in SCG.
Therefore, early detection of the stronger neighbours compared to the special cell in SCG is beneficial to the UL performance for a power limited UE towards both MeNB and SeNB.  

Observation 4: The special cell on SCG is almost similar in criticality to the PCell on MCG and hence, it is important for it to provide a good link to the UE at all times by getting handed over suitably

Observation 5: Early detection of the stronger neighbours compared to the special cell in SCG is beneficial for performance of the dual connectivity. 

Observation 6: It is beneficial if the RRM configuration ensures that measurement report gets triggered promptly enough in case of the special cell on SCG becoming weak when a better cell is available so that the MeNB which handles the RRM state of the UE can trigger change of this cell

Until release 11 of 3GPP, the following 6 events exist in relation to EUTRA only:

· Event A1:
Serving becomes better than absolute threshold;
· Event A2:
Serving becomes worse than absolute threshold;
· Event A3:
Neighbour becomes amount of offset better than PCell;
· Event A4:
Neighbour becomes better than absolute threshold;
· Event A5:
PCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.
· Event A6:
Neighbour becomes amount of offset better than SCell.

Of these events A1 and A2 can apply to any of the SCG serving cells. Event A4 can apply to any neighbouring frequency corresponding to SCG. Even A6 can also apply to any serving cell on the SCG (all the serving cells in SCG are secondary serving cell) but only for neighbours on the same frequency as the particular serving cell

Event A3 and A5 can apply to any serving cell on the SCG if configured with that particular serving frequency but only in comparison with the current PCell on MCG.
Hence, we see that the following events are not there with regards to the special cell on SCG
· Neighbour on another frequency becomes amount of offset better than the special cell on SCG. (Neighbour on the same frequency can be covered by event A6)
· Special cell on SCG becomes worse than absolute threshold1 AND Neighbour (on any frequency) becomes better than another absolute threshold2.

Observation 7: The currently available report triggering events do not apply identically to the PCell of the MCG and the special cell on the SCG. This prevents measurement reports from being triggered when certain conditions comparing the special cell of the SCG and a neighbouring cell get satisfied.
It is beneficial to have two new report triggering events similarly to A3 and A5 for the PCell corresponding to the above conditions. This can be done is the following ways:
· Option 1: Modify A3 and A5 to include comparison with special cell along with the PCell

· Option 2: Define two new events A7 and A8, similar to A3 and A5 but compares with special cell only and not PCell
As threshold for comparison with PCell and special cell can be different, option 2 is preferred.

Proposal 3: RRM requirements for PSCell based on the new measurement reports will be needed.
3
Conclusions

In this paper, we provided a general view on the possible impact of DuCo to the RRM requirement. In addition the observations are provided as below:

Observation 1: the relative propagation delay difference between MeNB and SeNB should be 30us.

Observation 2: Less than 3us can be considered as the maximum Tx timing difference between antenna connectors at MeNB and SeNB.

Observation 3: In DuCo, the UE specific measurement gap (common for MCG and SCG) is not optimal.  
Observation 4: The special cell on SCG is almost similar in criticality to the PCell on MCG and hence, it is important for it to provide a good link to the UE at all times by getting handed over suitably

Observation 5: Early detection of the stronger neighbours compared to the special cell in SCG is beneficial for performance of the dual connectivity. 

Observation 6: It is beneficial if the RRM configuration ensures that measurement report gets triggered promptly enough in case of the special cell on SCG becoming weak when a better cell is available so that the MeNB which handles the RRM state of the UE can trigger change of this cell

Observation 7: The currently available report triggering events do not apply identically to the PCell of the MCG and the special cell on the SCG. This prevents measurement reports from being triggered when certain conditions comparing the special cell of the SCG and a neighbouring cell get satisfied.
And the proposals based on the observations are given as below:

Proposal 1: Whether to have the separate UE capabilities for synchronized and unsynchronized case should wait for RAN1 decision on PC schemes.
Proposal 2: The independent measurement gap configurations for MCG and SCG should be supported.

Proposal 3: RRM requirements for PSCell based on the new measurement reports will be needed.
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