3GPP TSG RAN WG1 Meeting #74

R1-133461
Barcelona, Spain, August 19 – 23, 2013

Source:
NTT DOCOMO
Title:
Physical Layer Design for Dual Connectivity
Agenda Item:
7.2.6.3
Document for: 
Discussion and Decision

1. Introduction
“Dual connectivity” is a key concept in Rel-12 Small Cell Enhancement (SCE). Some statements are quoted below from the higher-layer and physical layer SCE SID. 
· Higher layer [1]

· Identify and evaluate the benefits of UEs having dual connectivity to macro and small cell layers served by different or same carrier and for which scenarios such dual connectivity is feasible and beneficial.
· Physical layer [2]

· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.
This document discusses potential physical layer aspects to support dual connectivity in Rel-12 SCE.

Note: From a procedure point of view, actual RAN1 studies should start based on the input from the study of higher layer aspects as indicated in RP-121965 [3]. However, it would also be nice to identify discussion points from a physical layer point of view in order to start efficiently future RAN1 studies. 
2. Motivation for Dual Connectivity
Figure 1 illustrates the baseline concept for dual connectivity for macro cell and small cell according to our understanding. 
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Figure 1 – Dual connectivity.
The main motivations for dual connectivity in Rel-12 are provided below.

· Motivation #1: Dual connectivity should be able to serve C-plane functionalities (connection management, mobility) using the macro cell layer 

· To achieve better performance without a large amount of cell planning effort for deploying many small cells

· Motivation #2: Dual connectivity should be able to select a U-plane data path via a macro, small cell, or both based on the required QoS including mobility performance

· Real time service, e.g., VoLTE, should be served by macro cells to avoid frequent interruption due to mobility between small cells

· Best effort services are served by small cells for higher user throughput performance
· Motivation #3: Dual connectivity should be supported for a non-ideal backhaul between macro cell and small cell layers

· Note: Dual connectivity for an ideal backhaul can be supported in Rel-10 CA scenario 4. 
3. Potential Physical Layer Issues in Dual Connectivity
Some potential physical layer aspects are briefly discussed below in order to facilitate future RAN1 studies.
3.1. Simultaneous Transmission/ Reception
As described in TR 36.932 (quoted below) [4], the need for simultaneous transmission in the UL and simultaneous reception in the DL should be discussed from a UE cost and complexity point of view. 
· Different UE capabilities should be considered for small-cell enhancements, especially with respect to features related to UE RF complexity such as the possibility for simultaneous transmission to and reception from the macro and small cell layers.
Our initial analysis on the UL and DL is presented below.

UL
We have two options.

- Option 1: Allow simultaneous transmission to macro and small cells
- Option 2: No simultaneous transmission
In Rel-10 CA scenario 4, the UE does not have to configure two UL carriers with macro cell and small cell (RRH cell), because one eNodeB handles both the macro cell and small cell. In other words, the combination of 2 DL CCs and 1 UL CC is possible in Rel-10 CA. In the case of Rel-12 dual connectivity, however, the UE would need to transmit some UL signals to both the macro cell and small cell due to a non-ideal backhaul, i.e. two UL carriers should always be configured with macro cell and with small cell. For example, UL control signals such as ACK/ NACK and CSI information would need to be transmitted to the macro cell and small cell separately, because tight and fast interworking between the macro cell and small cell is impossible due to the non-ideal backhaul. 
From a UE RF complexity point of view, it would be almost impossible for every UE to support simultaneous transmission for all the band combinations for macro and small cell layers. If dual connectivity with non-simultaneous transmission is required, introducing some kind of TDM approach, e.g., time-switching of UL transmission between the macro cell and small cell, should be studied. 

However, introducing TDM approach may complicate the NW operation. How to configure the TDM pattern and feasible time scales of each CC-duration, cycle, and switching period need to be discussed. For the study, applicable scenarios for the TDM approach, e.g., cell range, mobility, synchronization assumption between CCs, and combinations of duplex-modes, need to be identified.

Considering that simultaneous transmission in multiple CCs will be a major function in the near future, and taking into account the limited time-frame of Rel. 12, we are fine with focusing on dual connectivity with simultaneous transmission in Rel. 12, unless a strong/urgent need  for a TDM approach is identified. A TDM approach can be studied in a later release.
DL
Similarly to the UL, we have two options.
- Option 1: Allow simultaneous reception to macro and small cells
- Option 2: No simultaneous reception

Option 1 is preferred from the viewpoint of the user data rate. It is also true that the UE may support simultaneous reception in the DL more easily than simultaneous transmission in the UL. Therefore, it would be sensible for RAN1 to address UL aspects first and then discuss DL aspects in the next step. 

Proposal:

· Dual connectivity with simultaneous transmission/reception can be focused in Rel.12, unless strong/urgent need of TDM approach is identified.

3.2. Combination of Duplex-modes for Dual Connectivity
In RAN1#74, TDD-FDD joint operation is discussed [5]. As described in our companion paper [6], we believe that dual connectivity is one of possible solutions for TDD-FDD joint operation when a non-ideal backhaul is assumed between TDD and FDD cells. Therefore, we consider that Rel. 12 dual connectivity should cover any combination of duplex-modes including TDD+FDD.

Proposal:

· Any combination of duplex-modes including TDD+FDD should be covered by dual connectivity
3.3. HARQ/scheduling of Macro and Small Cell Layers
For dual connectivity with a non-ideal backhaul between the macro and small cell layers, HARQ/scheduling should be performed independently on each cell. To achieve this, some Rel. 10 CA criteria should be redesigned to, at least:

- PUCCH needs to be configured to both macro and small cell layers

- Cross-carrier scheduling cannot be used

Regarding the first point above, the UE would need to transmit UL control signals such as ACK/ NACK and CSI information to the macro cell and small cell separately in the case of a non-ideal backhaul between the macro cell and small cells, as illustrated in Fig. 2. This implies that the UL control signal scheme using PUCCH and PUSCH would need to be redesigned for Rel-12 dual connectivity. More specifically, the PUCCH resources need to be configured for both the macro and small cells and basically independently transmitted to each cell. Because of this, RAN1 should discuss how to support simultaneous transmission and potentially how to support a TDM approach. Regarding the second point above, cross-carrier scheduling clearly cannot be used in the case of a non-ideal backhaul.
Note that the above revisions to PUCCH and cross-carrier scheduling can simplify the specification of TDD-FDD CA/joint operation [6]. Therefore, we believe that these revisions should not be limited to dual connectivity (inter-eNB CA) and should be applicable to TDD-FDD CA/joint operation. Furthermore, PUCCH configuration on both macro and small cell layers is quite beneficial to achieve PUCCH offloading for Rel-10 CA scenario 4. Therefore, we believe that PUCCH revision should also be applicable to Rel-10 CA scenario 4 (intra-eNB CA).
Note that the above two revisions of the CA criteria can relax the synchronization assumption between macro and small cells. RAN1 should discuss the synchronization assumption of dual connectivity, i.e., whether or not the current Rel. 10 CA assumption should be kept for a non-ideal backhaul case.
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Figure 2 - UL control signaling in dual connectivity.
Proposals:
· PUCCH configuration on multiple cells should be supported in Rel.12

· Cross-carrier scheduling cannot be used 

· These revisions for dual connectivity should be applied to TDD-FDD CA/joint operation [6]

· PUCCH revision should also be applied to Rel-10 CA scenario 4
4. Conclusion
In this contribution, we briefly discussed some potential physical layer aspects for dual connectivity in order to facilitate future RAN1 studies. Our views on the above-mentioned aspects are as follows.

· Simultaneous transmission/ reception

· Dual connectivity with simultaneous transmission/reception can be focused on in Rel.12, unless a strong/urgent need of TDM approach is identified.
· Combination of duplex-modes for dual connectivity

· Any combination of duplex-modes including TDD+FDD should be covered by dual connectivity
· HARQ/scheduling for macro and small cell layers
· PUCCH configuration on multiple cells should be supported in Rel.12

· Cross-carrier scheduling cannot be used 

· These revisions for dual connectivity should be applied to TDD-FDD CA/joint operation [6]
· PUCCH revision should also be applied to Rel-10 CA scenario 4
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