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1 Introduction
In [1], RAN4 has agreed on separate synchronized and/or unsynchronized UE capabilities for dual connectivity. For the synchronized operation, there is a question related to where and how to specify the synchronization requirements for dual connectivity.
In this contribution, we describe our understanding on how to specify synchronization accuracy for dual connectivity.  

2 Dual connectivity is UE specific operation

In general, network-wide synchronization is not needed for dual connectivity since dual connectivity is a UE specific operation as shown in Figure 1. As seen from the figure, certain UE is connected to two eNBs in dual connectivity operation, thus the synchronization requirement is only needed between only two eNBs when they serve the UE for dual connectivity operation, i.e. the involved MeNB and SeNB. It should also be noted that the same MeNB and SeNB may also be serving UEs not in dual connectivity. Thus, it is our opinion that no synchronization requirements even between MeNB and SeNB are specified. However to ensure that the UE operating in dual connectivity operation is able to receive signals from MeNB and SeNB within the maximum allowed received time difference the maximum receive timing difference conditions related to the involved eNBs are defined under the UE requirements that the UE shall meet requirements.  
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Figure 1 Dual connectivity deployment scenario

Obsevration-1: The received time difference at the UE from the MeNB and the SeNB is within the allowed limit.
Observation-2: For synchronized operation, the applicability of the requirement should not be network-wide; instead it should be only between two involved nodes and should only be defined as a condition for the UE to meet dual connectivity requirements, i.e. MeNB and SeNB

If above condition related to the transmit timing misalignment accuracy between MeNB and SeNB is defined under UE requirements, then it should not be any tighter than 3µs, in our opinion. However, all the RF and RRM requirements in 36.101 and 36.133 are designed based on the assumption that, a maximum of 30.26µs maximum receive timing difference between nodes is allowed. 

3 Specification of synch accuracy

Based on the above discussions, there are three options for specification of synchronization accuracy for dual connectivity:

	36.101
	Section 8.4, Table 8.2.1.1.1-4: Minimum performance (FRC) for CA 
	Inline with CA specifications where the requirements related to maximum receive timing difference is specified under the performance section.

	36.104
	Section 6.5.3 Time alignment error 
	Defines timing misalignment for frame timing. However, the maximum receive timing difference is on subframe level.

	36.133
	Cell Phase synchronization accuracy section
	Defines timing misalignment for frame timing and also for same carrier. Moreover, it is not clear how to handle wide area TDD cells with 10us accuracy requirement


As seen on the above table, considering the fact that dual connectivity is a UE specific operation and no network wide synchronization is required for dual connectivity, it is preferable to adopt the option of specification in 36.101. This will ensure that there is flexibility in network design, since there will be possibility of ensuring dual connectivity service to UE in cases when tight timing accuracy (e.g. 3us) can be provided, however any accuracy levels below 10~15us or even higher could be easily supported. This is considering the fact that the relative propagation delay difference will be much lower than 30us in dual connectivity deployment scenario, thus there will be scope for less strict transmit timing requirement. In this way, the UE is still not constrained by any means, since the UE will be required to satisfy certain maximum receive timing difference regardless of the propagation delay and/or transmit timing misalignment.     

Proposal: Specify the cell phase synchronization accuracy in 36.101 as described in Section 4

4 Option-1: Draft CR: 36.101

Based on the discussions above, we propose to include the operating bands for dual connectivity in 36.101 in following way. It is worth noting here that, defining the specific DC configurations (i.e. DC_x_y) is another discussion. This could be solved by including all approved band combinations for Rel-12 CA configuration with 2UL for corresponding dual connectivity operations.

Corresponding changes in 36.104 and 36.141 is also needed, i.e. a new table (e.g. Table 5.5-4 in Section 5.5) with information regarding operating bands for dual connectivity need to be added in Section 5.5 in 36.104 and 36.141. 
--------------------<Start of the change>----------------------------

Table 8.2.1.1.1-4: Minimum performance (FRC) for CA
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	2x10 MHz
	R.2 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.1
	≥3
	CL_A-A, CL_B
(Note 2)

	2
	2x20 MHz
	R.42 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.3
	≥5
	CL_C

	Note 1:
The OCNG pattern applies for each CC.
Note 2:
30usec timing difference between two CCs is applied in inter-band CA case.
Note 3:
33usec timing difference between two CCs is applied in inter-band DC case when operated in synchronized mode.

	


---------------------<End of the change>-----------------------------

5 Summary and Conclusion 
The following is proposed regarding the accuracy of the SFN offset:
Proposal: Specify the synchronization accuracy in 36.101 as a UE performance requirement  as described in Section 4
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