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1 Introduction

In this contribution, we discuss the necessity to support parallel RA procedure for dual connectivity. 
2 Discussion
RA procedure on SCell in Rel-11 CA

For intra-eNB CA, RA procedure on SCell is only used for the purpose of UL time alignment upon the activation of the SCell. RA procedure on SCell can be characterized by: 

· Only PDCCH order triggers a RA procedure on SCell. 

· Contention based RA procedure is not supported by the SCell. 

· Execution of parallel RA procedure is not supported. 

· It is left to UE implementation which ordered or UE initiated RA to prioritize. 

There is only one RA procedure on-going at any point of time. It is not necessary to support parallel RA procedure for the following reasons:

· RA procedure on SCell is controlled by network. Triggering parallel RA procedures can be avoided. 

· The gain of supporting parallel RA procedure is marginal since the non-contention based RA procedure on SCell can be completed in very limited time. 

· Supporting parallel RA procedure may be problematic concerning the possibility of exceeding UE maximum transmit power. 

RA procedure towards SeNB for dual connectivity

For dual connectivity, RA procedure towards SeNB should be re-considered and following agreements were made during the last RAN2 meeting. 

	1. Contention-free RA procedure is supported towards SeNB.

2. As a working assumption, contention-based RA procedure is supported towards SeNB.

3. Msg2 is sent from the eNB to which the preamble was sent.


According to the agreements, RA procedure towards MeNB and SeNB can be performed independently. 

Avoid Parallel RA procedure

Case 1: DL data arrives in both MeNB and SeNB

During last RAN2 meeting, it was agreed that we progress UP architectures that support operation with and without bearer split. Option 1A and 3C for U-plane architecture for dual connectivity were down selected. 

For option 1A with SI-U terminated in SeNB, an EPS transmitted by the SeNB doesn’t need to be routed by MeNB. Data transmission/reception towards MeNB and SeNB is performed independently. When DL data arrives for both of the DRBs belonging to MeNB and SeNB respectively, RA procedure may be triggered simultaneously if no coordination is performed between them. If the eNBs always communicate with each other whenever DL data arrival occurs, simultaneously RA triggering by PDCCH order can be avoided. It will result in high complexity for network implementation and overhead over Xn interface. Or UE delays the triggering of the RA procedure towards one eNB, until the completion of the RA procedure towards the other eNB. 

Observation 1: For option 1A triggering parallel RA procedure can be avoided through eNB’s coordination if DL data arrives to both MeNB and SeNB, but at the cost of high complexity and signalling overhead over Xn. Or UE has to perform prioritization for the RA procedures with extra complexity in UE implementation.

For option 3C with S1-U terminated in MeNB and supporting bearer splitting, all the traffic needs to be routed by MeNB. When DL data arrival occurs, MeNB can determine when and towards which eNB RA procedure needs to be triggered. The request for RA triggering towards SeNB may be accompanied with data forwarding. Or MeNB just delays the data forwarding to SeNB after RA procedure towards itself is triggered. Compared with option 1A, less complexity and signalling overhead are expected. 

Observation 2: For option 3C triggering parallel RA procedure can be avoided by MeNB’s control if DL data arrives to MeNB, but also with extra complexity for network implementation and signalling overhead over Xn are expected. 

Case 2: UL data arrives towards both MeNB and SeNB

For option 1A, when UL data arrives for both of the radio bearers belongs to MeNB and SeNB, it is straightforward to trigger contention base RA procedure towards both MeNB and SeNB for the purpose of UL radio resources for the corresponding radio bearers. Otherwise, UE has to decide to which eNB RA procedure should be performed at first. Since different radio bearers will be transmitted to different eNBs i.e. MeNB or SeNB, UE may need to take the priority of the radio bearers in to consideration for RA procedure prioritization but not always enforce the MeNB to have the first priority. Specification or implementation solutions are possible for RA procedure prioritization, but at the cost of extra complexity in UE implementation or extra standardization effort.

Observation 3: For option 1A UE has to perform prioritization for the RA procedures towards to MeNB and SeNB if UL data arrives for both of them. Extra complexity in UE implementation or standardization effort is expected. 

For 3C, when UL data arrives, RA procedure prioritization doesn’t need to be considered. UE only needs to decide towards which eNB RA procedure will be triggered. It is reasonable to always trigger RA procedure towards MeNB considering all the traffic is routed through MeNB. However, the capacity of PRACH in MeNB becomes problematic with the increased collision probability. Specification or implementation solutions are possible for the selection. 

Observation 4: For option 3C UE has to consider towards which eNB RA procedure will be triggered if UL data arrives. Extra complexity in UE implementation or standardization effort is expected for eNB selection. 

Case 3: DL data arrives in one eNB and UL data arrives in the other eNB

For option 1A, if DL data arrives in MeNB and UL data arrives towards SeNB, or vice verse, it is straightforward to perform non-contention base RA procedure towards MeNB according to the PDCCH order and triggering contention based RA procedure towards SeNB for requesting UL radio resources. Otherwise, prioritization of RA procedure is required to decide whether to abandon the on-going procedure or delay the initiation of the newly triggering procedure. UE may need to take the priority of the radio bearers in to consideration for RA procedure prioritization. Specification or implementation solutions are possible. Extra complexity in UE implementation and radio resource wastage are expected. 

For option 3C, the principle in current specification can be applied, i.e. it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure. 

Observation 5: For option 1A&3C, UE has to decide whether to abandon the on-going RA procedure based on RA procedure prioritization if DL data arrives in one eNB and UL data arrives towards the other eNB. Extra complexity in UE implementation and radio resource wastage are expected. 

The gain of supporting parallel RA

Considering contention-based RA procedure is also assumed to be supported towards SeNB, the gain of supporting parallel RA becomes significant. Generally, contention based RA procedure endures relatively a longer time compared with non-contention based RA procedure. If parallel RA procedure is supported, the time duration of perform RA procedure will be reduced to a half. Furthermore, compared with Rel-11 CA that RA procedure on SCell is only triggered by network, RA procedure towards SeNB can also be triggered by UE itself due to UL data arrival. The case that a RA procedure was initiated when another RA procedure was already on-going can’t be considered as corner, but occurs very frequently. 

Observation 6: There is less delay if parallel RA procedure is supported.

Based on the above observation, supporting parallel RA procedure is straightforward for dual connectivity and brings noticeable benefits. Avoiding parallel RA procedure will introduce extra implementation complexity in eNB and UE as well as additional standardization effort. 

The problem of exceeding UE maximum transmit power

The problem of supporting parallel RA procedure is that UE maximum transmit power may be exceeded. It is true if preamble transmission towards MeNB and SeNB collides in the same subframe. However, the problem can be eliminated if overlapping of preambles transmitted to MeNB and SeNB can be avoided. The avoidance can be realized through network configuration or UE implementation. For example, network can configure different set of preamble subframes for MeNB and SeNB. Or UE avoids using the same subframe for preambles transmission towards one eNB when performing random access resource selection if the subframe contains PRACH for an ongoing RA procedure towards the other eNB. So besides UE implementation, additional restriction for random access resource selection may also need to be specified. 

Observation 7: UE implementation together with the specified restriction on random access resource selection can avoid parallel preamble transmission.

Considering gains of parallel RA procedure, as well as the concerns on UE maximum transmit power, we’d like to propose:

Proposal 1: Parallel RA procedure shall be supported for dual connectivity. 

Proposal 2: Preamble collision should be avoided through UE implementation. 

3 Conclusion
In this contribution, we analyze the necessity and problem of supporting parallel RA procedure for dual connectivity. 
Proposal 1: Parallel RA procedure shall be supported for dual connectivity. 

Proposal 2: Preamble collision should be avoided through UE implementation. 

