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Discussion and decision
1. Introduction
The timing difference between MeNB and SeNB impacts certain features of dual connectivity asynchronous operation, such as DRX and measurement gap configuration.  While DRX impacts the UE battery life, measurement gaps directly impact the number of available subframes for scheduling by the eNBs. 

During RAN2#87, it was agreed that a single measurement gap controlled by the MeNB will be configured at the UE. Therefore, gap alignment between MeNB and SeNB is required in order to minimize the number of scheduling subframes lost by the SeNB due to the gap occurrence.

In the previous meetings, RAN2 has considered both UE-based and network-based methods for timing difference acquisition. During the RAN2 #87 meeting, it was agreed that a network-based (X2 or OAM) would be adopted as it was deemed feasible by RAN3 [1]. 
One remaining issue that was not fully addressed in RAN2 discussions is how the timing accuracy impacts the gap alignment (i.e, scheduling subframes of the SeNB) in the network-based method. In this contribution we address this issue.

2. Discussion
2.1. Timing acquisition and measurement gap alignment
In RAN2 #87, the following agreements were made concerning measurement gaps in dual connectivity [2]: 
	Agreements from RAN2 #87

1) Choose common gap for the MeNB and the SeNB as gap mechanism for DC;

    -
There is only a single measurement gap configuration for the UE in RRC which is controlled by the MeNB.

    -
Timing of the gap (SFN and subframe boundary) refers to the timing of MeNB, i.e. UE uses PCell’s SFN and subframe number to determine the first subframe of the measurement gap

    -
UE determines the starting point of the measurement gap based on the subframe boundaries of the MCG serving cells 

2) Send LS to RAN4 to inform them of RAN2 agreement on measurement gap.

3)
MeNB informs SeNB of the UE’s measurement gap configuration

4)
RAN2 assumes that an extension of the measurement gap for the SeNB is needed (at least for the asynchronous case)

5)
Send LS to RAN4 to ask them to consider the exact value on the extension of the measurement gap.

6) We assume network based determination of the timing offset between MeNB and SeNB as indicated by RAN3. 


For asynchronous operation, agreements (1) and (6) have the following impacts:

Observation 1: SeNB has to align its scheduling subframes to the measurement gap configured by the MeNB.

Observation 2: SeNB has to obtain such alignment without any reporting of the actual timing difference observed by the UE.
2.2. Gap alignment determination 

It is clear that subframe boundary misalignment between MeNB and SeNB introduces the need for gap extension at the UE for the SeNB, as agreed by RAN2 (see agreement 4). The amount of extension was left up to RAN4. 
However, while the UE may be able to determine the exact location of the gap extension at the SeNB, it is not immediately clear how the SeNB determines this location in order to perform the alignment. While agreement (6) states a working assumption that the network performs such determination, it turns out that the location of the gap at the SeNB would also depend on the accuracy of the network based mechanism. We illustrate this point with several examples.
The following Figs 1-3 show three examples in which the available subframes for SeNB scheduling are impacted by the accuracy of timing offset measurement. In Fig 1 (Case 1), the timing estimate estimated at the network is very accurate (i.e within the CP length of a symbol), enabling full synchronization. In such case, the SeNB may be able to align with the 6 subframes of measurement gap provided by the MeNB.   

In Fig 2 (Case 2), the timing estimate has some inaccuracy δ but is still sufficient to determine which eNB is “ahead” of the other (e.g, δ < 0.4ms, while the actual offset =0.5ms) .In this case, a 7-subframe of scheduling gap at SeNB is required. In Fig 2 (Case 3), the subframe boundaries are closely aligned but the measurement inaccuracy δ does not allow for the exact determination of scheduling gap, since it is not possible to determine which eNB is “ahead”. In this case an 8-subframe scheduling gap results.  

Finally, in Fig 3 (Case 4), we see the impact of large δ (δ >0.5ms) on the scheduling gap. In this case a 9-subframe gap results. Table 1 summarizes the results for the different cases.
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Figure-1:
Alignment of scheduling SeNB gaps with MeNB: fully synchronized case
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Figure-2:
Impact of accuracy on the resulting scheduling gap

[image: image3.emf]SFN = 0

SFN = 1

SFN = 100

SFN = 99

Case 4: 

SeNB scheduling gap = 9 

subframes

MeNB

SeNB

2δ 

2δ 


Figure-3:
Impact of accuracy on the resulting scheduling gap
Table 1: Summary of timing inaccuracy and timing offset impact on SeNB scheduling gap
	Case
	Timing inaccuracy 
	Actual timing offset
	Scheduling gap

	1
	δ ~ CP-level
	~0 (synchronized)
	6 subframes

	2
	δ < 0.5ms
	~0.5ms
	7 subframes

	3
	δ < 0.5ms 
	<< 0.5ms
	8 subframes

	4
	δ > 0.5ms 
	Any
	9 subframes


Based on the analysis presented above, the make the following observations:
Observation 3: The accuracy of the network-based timing difference estimation mechanism impacts the number of subframes in the scheduling gap of the SeNB. 

Observation 4: Even if the inaccuracy is within 0.5ms, up to 2 additional subframes could be lost by the SeNB.
Observation 5: For large timing inaccuracy, up to 3 additional subframes could be lost by the SeNB.
Clearly, the number of lost subframes at SeNB needs to be bounded as otherwise the dual connectivity operation could become very inefficient and provide no meaningful benefits, while consuming more UE battery power at the same time. Hence, suitable accuracy requirements for the timing determination procedure need to be established. 

We also note that accuracy requirements were addressed as part of the email discussion on RRM [3] and several companies expressed similar concerns regarding the number of lost scheduling subframes by the SeNB. However, the issue was not addressed during the RAN2 #87 meeting due to lack of time.  
Based on the above analysis, we make the following proposals:
Proposal 1:
RAN2 to discuss the accuracy requirement of the network-based timing acquisition procedure, taking into account the maximum number of scheduling gap subframes allowed at the SeNB.
Proposal 2:
RAN2 to inform RAN3 on the desired accuracy of the network-based timing difference estimation.
3. Conclusion
In this document we discussed timing difference estimation by the network, and made the following observations:
Observation 1: SeNB has to align its scheduling subframes to the measurement gap configured by the MeNB.

Observation 2: SeNB needs to achieve such alignment without any reporting of the actual timing difference the UE observes
Observation 3: The accuracy of the network-based timing difference estimation mechanism impacts the number of subframes in the scheduling gap of the SeNB. 

Observation 4: Even if the accuracy is within 0.5ms, up to 2 additional subframes could be lost by the SeNB.

Observation 5: For large timing inaccuracy, up to 3 additional subframes could be lost by the SeNB.
Based on the above observations, the following proposals are made:
Proposal 1:
RAN2 to discuss the accuracy requirement of the network-based timing acquisition procedure, taking into account the maximum number of scheduling gap subframes allowed at the SeNB.
Proposal 2:
RAN2 to inform RAN3 on the desired accuracy of the network-based timing difference estimation.
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Case 3: 
SeNB scheduling gap = 8 subframes
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Case 1
SeNB scheduling gap = 6 subframes
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