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1. Introduction
Dual connectivity was approved in [1], and lot of discussions has been going on in RAN2. One of the main issues that have been discussed in the last RAN4 meeting was maximum receive timing difference at the UE. A RAN1 LS is received by RAN4 in previous meeting in [2], which discusses the synchronization levels between MeNB and SeNB. A way forward has been agreed in RAN4#70bis [3]. 

In this contribution, we discuss maximum receive timing difference issue.

2. Discussion

A number of things are agreed among others in RAN2:

1. Dual Tx/Rx is the baseline assumption
2. Non-ideal backhaul is assumed.

Maximum receive timing difference at the UE consists of two components, namely (1) relative propagation delay difference between MeNB and SeNB, and (2) Tx timing difference due to synchronization levels between antenna connectors of MeNB and SeNB [3]. 
2.1
Synchronization between MeNB and SeNB
An LS has been sent from RAN1 to RAN4, regarding the synchronization between the MeNB and the SeNB [2]. The LS from RAN1 defines two different requirements related to synchronization between MeNB and SeNB. The two cases are described below:

1. Case (1): “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” provides a guideline for defining an “X” which will determine synchronization accuracy between MeNB and SeNB.

2. Case (2): “Dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB” provides the guideline for unsynchronized dual connectivity operation

The Case (1) essentially means that MeNB and SeNB transmit timing need to be synchronized up to certain level of time accuracy, while case (2) provides a random value for synchronization accuracy (i.e. anything up to 1 ms), which is higher than the accuracy required in case (1).

It is worth noting here that, the receive timing difference that we refer to here (i.e. 30.26 + X µs as mentioned in the LS [2]) is the received timing misalignment between two received signals at the UE, in other words, this is not the transmit timing mismatch levels between the MeNB and SeNB.

As the baseline option, since we assume dual Tx/Rx and also we assume non-ideal backhaul, it is reasonable to assume that the MeNB and SeNB are not synchronized to each other. Dual Tx/Rx means that we will potentially have separate PAs for separate links, thus no strict synchronization requirement is needed. This is the Case (2) as mentioned above. We also believe that, if we define the requirements for un-synchronized case, then it will also work for synchronized case. However, considering the implementation and requirements issues for synchronized and un-synchronized dual connectivity operation, we propose the following regarding dual connectivity operation. However, case (1) suggests defining certain synchronization accuracy between MeNB and SeNB. 

Based on these discussions, we propose the following:

Proposal-1: Dual connectivity operation should support both synchronized and unsynchronized operation.
2.2
Relative propagation delay difference between MeNB and SeNB

A maximum of 30.26µs is designed for worst case non-co-located CA coverage case. 30.26µs corresponds to signal propagation distance of just over 9 km. In dense urban scenarios, maximum misalignment due to propagation delay that can be seen is around 10µs. This is linearly related to relative physical distance between the nodes. So, we have a large amount of timing misalignment margin which may not be required due to distance between nodes, which means that there is a possibility to actually relax the requirement even higher than certain transmit timing misalignment (i.e. synchronization accuracy between MeNB and SeNB), e.g. 3µs. 3µs is chosen here due to the fact that co-channel synchronization accuracy requirement for TDD systems is 3µs (which means that the tightest requirement that can be achieved is 3µs). Thus, we propose to specify a total of 33.26µs maximum receive timing difference at the UE, which could include both relative propagation difference and transmit misalignment.        
The additional 3µs could either be added to 30.26µs, so that final maximum allowed misalignment at UE could be 33.26µs (=30.26µs+3µs). Alternatively, the maximum allowed receive timing misalignment at the UE could be 30.26µs (i.e. 27.26µs+3µs, where 3µs is included inside total of 30.26µs receive timing misalignment.)

For the unsynchronized operation between the MeNB and SeNB, the maximum receive timing difference can be anything up to 0.5ms. Moreover, for both synchronized and unsynchronized operations, SFN alignment is not required between MeNB and SeNB.  

Proposal-2: For unsynchronized operation, the maximum receive timing difference can be anything up to 1ms.

Proposal-3: For synchronized operation, the requirement of maximum receive timing difference of 33µs shall be met at the UE which includes both relative propagation time difference and transmit timing misalignment between MeNB and SeNB.

2.3
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 following conditions related to the involved eNBs are defined under the UE requirements that the UE shall meet requirements provided: 

· The received time difference at the UE from the MeNB and the SeNB is within the allowed limit and

· The maximum transmit time difference between the MeNB and the SeNB is within X µs.
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Figure 1 Dual connectivity deployment scenario

If above condition related to the synchronization accuracy between MeNB and SeNB is defined under UE requirements, then it should not be any tighter than 3µs, in our opinion. All the RF and RRM requirements in 36.101 and 36.133 are designed based on the assumption that, a maximum of 3µs timing misalignment between nodes is allowed. For example in the RRM test cases for synchronized network the maximum time difference between the cells is 3µs.

Proposal-4: 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

3. Conclusion

In this contribution, we present out thoughts on RAN4 impact related to dual connectivity. We propose the following:
Proposal-1: Dual connectivity operation should support both synchronized and unsynchronized operation.

Proposal-2: For unsynchronized operation, the maximum receive timing difference can be anything up to 1ms.

Proposal-3: For synchronized operation, the requirement of maximum receive timing difference of 33µs shall be met at the UE which includes both relative propagation time difference and transmit timing misalignment between MeNB and SeNB.

Proposal-4: 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.  
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