3GPP TSG-RAN WG1 #74 
R1-133294
Barcelona, Spain, 19th August – 23th August 2013
Source:              MediaTek Inc.
Title:                   Views on Physical-layer Support of Dual Connectivity
Agenda Item:     7.2.6.3
Document for:   Discussion and decision


1. Introduction

Until 3GPP RAN1 Session #73, there is no discussion yet on physical-layer support of dual connectivity.  According to 3GPP RAN2, candidate solutions to support dual connectivity are already captured in TR36.842.  Before further discussion on physical-layer support of dual connectivity, we should identify the difference between carrier aggregation, CoMP and dual connectivity form physical-layer aspects, decide whether to support dual connectivity in co-channel deployment scenario and identify the UE capabilities to support dual connectivity.  In this paper, we provide our views from these three perspectives and briefly describe possible physical layer impacts.


2. Discussion
2.1 Comparison of CA, CoMP and dual connectivity

In TR36.842, “dual connectivity” is defined as the operation where a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul and each eNB involved in dual connectivity for a UE may assume different roles, which do not necessarily depend on the eNB’s power class and can vary among UEs.  Based on the definition, Table 1 compares the supporting scenarios of carrier aggregation (CA), CoMP and dual connectivity.

Table 1. Comparison of CA, CoMP and dual connectivity
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R10 CA Intra

Intra/Inter for DL;

Intra for UL

Inter N/A Single Single/Multiple Same

R11 CA Intra/Inter

Intra/Inter for DL;

Intra for UL

Inter Ideal Single Single/Multiple Same

R11 CoMP Inter N/A Intra Ideal Single Single Same

R12 CoMP Inter N/A Intra Non-ideal Single Single Same

Dual Connectivity Inter Intra (?)/Inter Intra (?)/Inter Non-ideal Single/Multiple Single/Multiple Same/Different


From Table 1, the major differences of dual connectivity are identified as follows.

1. Non-ideal backhaul between two network points
2. Possibility of different duplex modes in two links
3. Multiple C-plane air links for robustness
To support the first two items, it is certainly desirable to have independent physical-layer operations, including DL/UL scheduling, MIMO operations, HARQ operations, power control and configurations of physical signals/channels, between two network points; otherwise, it is not able to timely adjust physical-layer parameters to adapt to the channel conditions of the links to two network points.  However, further study is needed when a UE, due to hardware constraint, cannot support independent HARQ or feedback for closed-loop operation due to potential conflict.  For the last item, depending on UE capabilities, carrier switching may be needed.
Observation #1: To support dual connectivity, independent physical layer operations in two network points is desirable to adapt to the channel conditions of the links to two network points.
Observation #2: To support multiple C-plane air links for its robustness, depending on UE capabilities, carrier switching may be needed.
Proposal #1: To support dual connectivity, it is desirable to allow two network points to have independent physical layer operations.  However, further study is needed when a UE, due to hardware constraint, cannot support independent HARQ or feedback for closed-loop operation due to potential conflict.
2.2 Dual connectivity in co-channel deployment scenario
Support of dual connectivity in non-co-channel deployment scenario has more clear benefits in both user throughput and mobility robustness such as when RLF occurs in one link.  For co-channel deployment scenario, the benefits to support dual connectivity are not clear yet due to the co-channel interference UE may suffer from.  Owing to the physics limitation, the weaker signal will always be buried by the stronger one.  If the signal strength difference between links to two network points is large, UE can only keep single connection to the network point with the strongest signal.  If the signal strength difference between links to two network points is small, e.g. 0~3 dB, UE may be able to keep both connections to two network points but UE may suffer from the user throughput degradation due to large inter-cell interference between macrocell and small cells.  This is the reason why R10/11 eICIC and R11 CoMP are introduced to improve the throughput of the UEs suffering from large inter-cell interference.
From above discussion, we can have the following summary.

1. For inner-cell UEs, only the connection to the network point with the strongest signal strength can be kept and no dual connection is possible from physical layer perspective
2. For cell-edge UEs, transmission muting techniques for other interfering network points, e.g. R10/11 eICIC and R11 CoMP, are necessary to improve the user throughput and there is no gain in U-plane to keep both connections simultaneously
Therefore, it’s not clear yet what benefits can be provided by the support of dual connectivity in co-channel deployment scenario in addition to eICIC and CoMP (both require synchronized network and Release 11 CoMP further requires ideal backhaul).  From our views, there may be benefits for C-plane but it requires further evaluation.  It is suggested to prioritize non-co-channel deployment scenario for the support of dual connectivity in Release 12.
Observation #3: Compared to existing features, e.g. R10/11 eICIC and R11 CoMP, there are no clear benefits to support dual connectivity in co-channel deployment scenario.
Proposal #2: Inter-frequency dual connectivity should be prioritized in Release 12 and the benefits of intra-frequency dual connectivity should be further studied.
2.3 UE capability to support dual connectivity

If dual connectivity is supported for non-co-channel deployment scenario only, UE needs to maintain connections on two carrier frequencies.  Depending on UEs’ RF capability, specification changes may be needed to support dual connectivity in non-co-channel deployment scenario.  For further discussion, UEs are classified into three categories shown as follows based on their RF capability.

1. High-RF-capability UEs (2DL, 2UL)
· Dual carrier for downlink (DL)

· Dual carrier for uplink (UL)

· There are benefits in both C-plane robustness and DL/UL U-plane peak throughput

2. Medium-RF-capability UEs (2DL, 1UL)
· Dual carrier for DL

· Single carrier for UL

· There are benefits in both C-plane robustness and DL U-plane peak throughput

· There may be loss in UL U-plane peak throughput

3. Low-RF-capability UEs (1DL, 1UL)
· Single carrier for DL

· Single carrier for UL

· There may be benefits in C-plane robustness

· There may be loss in DL/UL U-plane peak throughput

For high RF capability UEs, no specification changes are needed to support dual connectivity.  However, for medium and low RF capability UEs, specification changes to address the mechanisms maintaining dual links with single RF may be needed.  More specification changes may be needed if UEs with lower RF capability are required to support dual connectivity.  Therefore, before further discussion on layer-1 impacts to support dual connectivity, whether all R12 UEs with different RF capabilities need to support dual connectivity should be decided first.  From our views, there are clear benefits for UEs with medium to high RF capability to support dual connectivity but it’s not very clear yet for low-RF-capability UEs.  The benefits UEs with different RF capabilities can enjoy and possible loss UEs with lower RF capability may suffer from are shown in above list.  Thus, it’s suggested that UEs with medium to high RF capability should be able to support dual connectivity in Release 12 and further study is needed to identify the benefits and physical-layer impacts for UEs with low RF capability to support dual connectivity.
Observation #4: For Release 12 UEs supporting at least dual DL carriers, they can enjoy at least C-plane robustness with the support of dual connectivity.
Observation #5: For Release 12 UEs supporting single DL/UL carrier, there may be benefits in C-plane robustness with the support of dual connectivity but further study is needed to identify the benefits and physical-layer impacts.
Proposal #3: For Release 12 UEs supporting at least dual DL carriers, they should be able to support dual connectivity in non-co-channel deployment scenario.
Proposal #4: For Release 12 UEs supporting single DL/UL carrier, further study is needed to identify the benefits and physical-layer impacts for them to support dual connectivity.
2.4 Physical layer impacts
As mentioned in Section 2.3, specification changes to support the mechanisms maintaining dual connections with single RF are needed for dual connectivity.  Semi-static carrier switching is one of candidate solutions.  When an UE stays on one DL/UL carrier to receive/transmit data traffic, it is in DRX/DTX or idle state on another DL/UL carrier.  Figure 1 illustrates the concept.  Due to the reservation of carrier switching gap, there may be U-plane throughput loss, which depends on the frequency of the carrier switching.  Considering independent physical layer operations in two network points, whether both downlink and uplink carriers should connect to the same network point at one time can be further studied.  If semi-static carrier switching is the solution to implement dual connectivity, there are several physical-layer issues shown as follows, which may have specification impacts.  Detailed physical-layer impacts require further study.
· Feasible time length for the fastest switching between two carriers
· Handling of downlink control information (DCI) on two DL carriers
· Handling of uplink control information (UCI) on two UL carriers
· HARQ operations for two DL/UL carriers

· Uplink power control for two UL carriers

· Uplink timing advance maintenance for two UL carriers

· RRM measurements/reporting for two DL carriers
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Figure 1. Illustration of semi-static carrier switching


3. Conclusion
Based on the discussion in previous section, the following observations and proposals can be concluded.
Observation #1: To support dual connectivity, independent physical layer operations in two network points is desirable to adapt to the channel conditions of the links to two network points.

Observation #2: To support multiple C-plane air links for its robustness, depending on UE capabilities, carrier switching may be needed.
Observation #3: Compared to existing features, e.g. R10/11 eICIC and R11 CoMP, there are no clear benefits to support dual connectivity in co-channel deployment scenario.
Observation #4: For Release 12 UEs supporting dual DL carriers, they can enjoy at least C-plane robustness with the support of dual connectivity.
Observation #5: For Release 12 UEs supporting single DL/UL carrier, there may be benefits in C-plane robustness with the support of dual connectivity but further study is needed to identify the benefits and physical-layer impacts.
Proposal #1: To support dual connectivity, it is desirable to allow two network points to have independent physical layer operations.  However, further study is needed when a UE, due to hardware constraint, cannot support independent HARQ or feedback for closed-loop operation due to potential conflict.
Proposal #2: Inter-frequency dual connectivity should be prioritized in Release 12 and the benefits of intra-frequency dual connectivity should be further studied.
Proposal #3: For Release 12 UEs supporting at least dual DL carriers, they should be able to support dual connectivity in non-co-channel deployment scenario.
Proposal #4: For Release 12 UEs supporting single DL/UL carrier, further study is needed to identify the benefits and physical-layer impacts for them to support dual connectivity.
