Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #74
R1-133436

Barcelona, Spain, 19th – 23rd August 2013

Source: 
Ericsson, ST-Ericsson
Title:
Physical layer aspects of dual connectivity
Agenda Item:
7.2.6.3
Document for:
Discussion
1 Introduction
Dual connectivity has been discussed in RAN2 for several meetings. The discussion has focused on applicable scenarios to deploy dual connectivity within and the architecture for the design. There has not yet been any discussion on the physical layer design except than RAN2 briefly discussed that at the previous meeting, RAN2 #82. Some of the physical layer design would depend on what type of high layer protocol architecture is selected, which means it can be difficult at this point to discuss the exact design. 

However, there are still several common aspects of the design which are independent from the selected protocol architecture. In this contribution we highlight the specific areas on the physical layer that would be impacted by dual connectivity operation and also propose a few desirable directions for the design.

2 Discussion
2.1 Impact on the physical layer design of dual connectivity

According to the small cell enhancement scenarios and requirements [2], we should consider deployments where both the macro and small cell are deployed at the same frequency and when deployed on separate frequencies. In addition, both the synchronized and un-synchronized scenarios should be considered between small cells and macro cell(s). In addition to this, we see that the focus of the Release 12 work should be to enable dual connectivity for non-ideal backhaul. 

In this section we discuss the impact of dual connectivity on several L1/L2 functionalities.

2.1.1 L1 control signalling

The dual connectivity scenarios given in section 2.1 together with a design targeting a non-ideal backhaul scenario implies that each cell that the UE connects to should to as large extent as possible act independently from other connected cells on the physical layer and MAC layer. This implies for example 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 need 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 then conclude that the L1 control signalling must be defined independently per cell that the UE is connected to. 

One potential exception would be the scheduling request; whether there should be a common scheduling requested indicated per connected cell or separate requests would be dependent on the higher layer design, mainly if the radio bearers can be dedicated towards a single aggregated cell or alternatively if the radio bearers are shared between all aggregated cells.

Proposal
· Physical layer control signalling is defined independently per aggregated cell.

· FFS for scheduling request

2.1.2 Random access

Another aspect in dual connectivity operation is that the UE would need to perform random access to each corresponding network node since the different network nodes may be located at different physical locations. The scenario here is then very similar to the multiple timing advance case (MTA) used for carrier aggregation with aggregated carriers that are not time aligned. We observe that in the MTA design the UE would receive the random access response message from the primary cell. Given that the dual connectivity design should target non ideal backhaul it need to be further studied whether the random access response message should be transmitted from the anchor cell or the assisting cell, when the UE performs random access on the assisting cell.

Proposal

· Study further the random access procedure for dual connectivity after an appropriate work split is achieved between RAN1 and RAN2
2.1.3 System information and paging

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

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 booster cell
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.

2.1.4 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.  Most of the conclusions regarding mobility enhancements are captures in [3]. 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 together with RRC diversity
2.1.5 UL power control and PHR

A specific area that would be impacted on the physical layer of the dual connectivity is design of UL power control in case the UE transmits on multiple carriers simultaneously. The issue is here very similar to UL power control handling for UL carrier aggregation, i.e. that the UE needs to share its power on all UL carriers where it is transmitting simultaneously. The main difference between CA and dual connectivity is the backhaul delay between the network nodes. Transmitting PUCCH simultaneously on multiple UL carriers is not necessarily an issue as the total consumed power for PUCCH is relatively low and hence the UE would seldom reach it maximum transmission power. For PUSCH it is however more an issue as here the total available power may be closer to be exceeded. To ease the situation it would be useful for each corresponding eNB to know the available power headroom for the UE on all the UEs UL carriers. Hence, the eNB need a PHR report for each corresponding carrier.

Proposal

· The UE reports a PHR separately to each cell and the corresponding PHR contains the PHR for all UL carriers the UE has configured

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 

· Physical layer control signalling is defined independently per aggregated cell.

· FFS for scheduling request

· Study further the random access procedure for dual connectivity after an appropriate work split is achieved between RAN1 and RAN2
· RAN2 should define whether the UE monitors system information through broadcast signalling or UE dedicated signal on the booster cell
· Await any discussion on RLM, until after RAN2 made an agreement on Radio Link Failure handling together with RRC diversity
· The UE reports a PHR separately to each cell and the corresponding PHR contains the PHR for all UL carriers the UE has configured
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