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1 Introduction
Dual connectivity has recently been approved as a work item. The main work for dual connectivity will be performed in RAN2, but RAN1 will define the physical layer aspects. 

In this contribution we address most of the physical layer aspects of dual connectivity. 

2 Discussion

2.1 Synchronization assumption of dual connectivity

One key aspect that was not discussed much during the study item phase of dual connectivity was whether we can assume that the connection to the MeNB and SeNB is synchronized or not to any degree. Generally when discussing synchronization, there are two aspects to consider, namely (1) time synchronization and (2) frequency synchronization. 

Carrier aggregation as defined in Rel-10 is assumed to be synchronized in time, but of course within certain accuracy requirements. Frequency synchronization is however not affected by if carrier aggregation is deployed or not. Frequency synchronization is mainly discussed in RAN4 and consequently we will not discuss this aspect further. 

We note that there is one key difference which is important when discussing time synchronization between carrier aggregation and dual connectivity; that carrier aggregation is performed either from the same network node (co-located CA) or from different physical location but within the same network node , while dual connectivity is only performed from different network node (i.e. inter-node) and the basic assumption is that the network nodes may not be co-located. Although the synchronization accuracy issue is under the scope of RAN4 work, it is clear that it may not be feasible to synchronize the different eNBs as to the same degree as the synchronization can be performed within the same eNB. 

We note that if time synchronization is not required by dual connectivity it would allow deployments of dual connectivity for some deployment scenarios wherein the MeNB and SeNB are not synchronized with each other. An observation for this situation is that, either MeNB frequency layer or SeNB frequency layer may be synchronized with any method such as for example, GPS, over backhaul or over the air. However it could also be so that the different network layers are synchronized towards the same timing. 

The impact of operating dual connectivity in an unsynchronized manner is mainly related how to handle UL transmissions from the UE, wherein the basic assumption needs to be that the UE as two transmitters which is already the agreed assumption. 
Proposal

· Dual connectivity operation between an MeNB and an SeNB is assumed to be unsynchronized

2.2 L1 control signalling

The dual connectivity scenarios together with a design targeting a non-ideal backhaul scenario implies that each cell to which the UE connects to should act as independently as possible from other connected cells on the physical layer and MAC layer. This implies,  e.g.  that the UE will report HARQ feedback, CSI feedback and will be scheduled separately per cell (i.e. network node). Taking CSI reporting as an example, each network node needs to have frequent feedback using both periodic and aperiodic CSI reports to schedule the UE. This means that the UE need to report CSI directly to each corresponding network node. 

The UE thus needs to be able to receive/transmit to a connected node independently of connections to the other nodes, if not in all subframes at least in some defined subframes. From this we can conclude that the L1 control signalling must be defined independently per cell that the UE is connected to. 

Based on the support of architecture option 1A wherein ones as separated PDCP layer towards the core network there is a need to have scheduling request signalling separated signalling per node as certain radio bearers can map to either the MeNB or the SeNB. 

Proposal
· Physical layer control signalling is defined independently per MeNB and SeNB

· Separate HARQ feedback report on both PUSCH and PUCCH

· Separate scheduling request reporting

· Separate CSI reporting and triggering

The above proposal would impact the power control handling for PUCCH, this we further discuss in [1].
2.2.1 System information and paging

For system information monitoring it is given that the UE would monitor broadcast of system information on a MeNB. The main question is whether the UE should (additionally) monitor broadcasted system information on a SeNB or if the UE should receive system information through dedicated signalling either from the MeNB or SeNB. 

The impact on the UE design for monitoring system information by broadcast on the assisting cell may be that an increase in the maximum number of supported blind decodes on PDCCH/EPDCCH is needed. The increase in blind decodes would also depend on how for example the random access procedure is defined and how other feature related to the common search space is defined.

The selected scheme for receiving system information would also impact the higher layer design since the corresponding procedures needs to be defined. It shall be noted that in the CA discussions for Rel-10, the decision on how the UE would acquire system information was made by RAN2. The situation with dual connectivity is very much similar to the situation for CA and the impact on physical layer of monitoring system information through broadcast or dedicated signalling can be well understood by RAN2. 

Proposal

· RAN2 should define whether the UE monitors system information through broadcast signalling or UE dedicated signal on the SeNB
Paging in RRC_IDLE mode is mainly used for the network to wake a UE up if there is a need from the network side to communicate with the UE. Hence, dual connectivity as such would be used only in RRC_CONNECTED mode and there would not be a need to the UE to monitor paging in the assisting cell (and anchor cell) for this purpose. However paging is also used to indicate that the cell has changed it system information. Therefore, if the UE should monitor system information on the assisting cell it would also need to monitor the assisting cell for paging messages. Consequently we see that the design of system information reception should be made first and then a paging design for dual connectivity should be made that supports the design of system information procedure.

2.2.2 RLF/RLM

Whether the UE should perform radio link monitoring (RLM) per connection or only perform it towards the anchor cell is much dependent on how the UE declares radio link failure (RLF). A UE operating in dual connectivity mode could potentially benefit from declaring RLF separately per connected cell. This aspect is currently studied among the mobility performance enhancements that would be possible to do within RAN2.  Discussions regarding supporting RLM per aggregated cell should be discussed after RAN2 has discussed and finalised the discussions on the need for RLF per aggregated cell. 

Proposal

· Await any discussion on RLM, until after RAN2 made an agreement on Radio Link Failure handling
3 Conclusions

In this contribution, we have studied the physical layer implications of dual connectivity together high level impact of different network and UE support. In the contribution we propose that 

· Dual connectivity operation between an MeNB and an SeNB is assumed to be unsynchronized
· Physical layer control signalling is defined independently per MeNB and SeNB

· Separate HARQ feedback report on both PUSCH and PUCCH f

· Separate scheduling request reporting

· Separate CSI reporting and triggering

· RAN2 should define whether the UE monitors system information through broadcast signalling or UE dedicated signal on the SeNB
· Await any discussion on RLM, until after RAN2 made an agreement on Radio Link Failure handling
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