3GPP TSG-RAN WG2 Meeting #82                                                                         R2-131964
Fukuoka, Japan, 20-24 May 2013

Agenda item:
7.2.1
Source:
Alcatel-Lucent   Alcatel-Lucent Shanghai Bell
Title: 
                   MAC and PHY modifications required for dual connectivity support 
Document for:
Discussion

1. Introduction
Based on the discussion at RAN2#81bis, the following design goals were agreed with respect to the potential small cell enhancements.

a) Utilizing radio resources across macro and pico cells in order to achieve per-user throughput and system capacity similar to ideal backhaul deployments while taking into account QoS requirements should be targeted.

b) Any new solution should not result in excessive increase of signalling load towards the CN. However, additional signalling and user plane traffic load caused by small cell enhancements should also be taken into account.

c) Mobility performance achieved by small cell deployments should be comparable with that of a macro only network in RRC CONNECTED.

Potential UP and CP protocol architecture modification in support of small cell enhancements were discussed in email discussions [81bis#19] and [81bis#18]. The proposed architecture options support at least the dual connectivity for the UE such a way that the UE can be served by the macro and small cell. 
In addition to the protocol architecture modifications, the functional and procedure modifications are also required to support dual connectivity to a UE. In this contribution we briefly look at the functions and procedure which may require modification in order to support dual connectivity.

2 Discussion
The UP protocol architecture options discussed in [81bis#19] consider a at least RLC re-segmentation to be performed by the protocol stack located at the small cell eNB for the offloaded traffic over the small cell. A various protocol architecture options are discussed considering centralised/distributed RLC/PDCP protocol functions. Independent MAC and PHY layer located at small cell eNB is common to all the protocol options considered in [81bis#19] for small cell enhancements. This is seen beneficial of obtaining the timely channel condition and HARQ feedback for efficient scheduling and link adaptation.  The efficient resource scheduling is very important for the user throughput and capacity enhancements which are considered as the design goal of the small cell enhancement study.

The physical layer consideration to support dual connectivity 

Since each node is equipped with independent scheduler and separate MAC layer, firstly the SRS needs to be transmitted on both the macro cell and the small cell so that the two cells can obtain the UL channel status information. In addition, HARQ ACK/NACK should be transmitted to/from the corresponding cell in order to obtain timely HARQ ACK/NACK feedback to guarantee the HARQ performance. CQI reporting should also be conveyed to the corresponding cell in timely manner for the efficient scheduling and link adaptation. The dedicated resources for scheduling request towards the small cell may or may not be necessary depending on the design. If the design is based on the bearer split and the traffic belong to a radio bearer is transmitted over one cell only, having dedicated resources for scheduling request in the small cell may be useful. If the UL traffic arrival is on a RB over small cell, the scheduling request can be sent directly to the small cell. On the other hand the scheduling request can be sent to the macro cell and based on the BSR information, the resource can be granted for the UE from the small cell. However, this requires BSR delivery over X2. Given that the MAC layer interaction is not considered in protocol architecture under discussion, it may seen useful to have separate D-SR been configured for the macro and small cell. Therefore support of SRS and PUCCH in macro and small cell should be considered for the small cell enhancements.
In addition, the uplink power control is carrier based in the legacy system. For the co-channel case, the user can be transmitted to both small cell and macro cell on one carrier. When simultaneous transmission is considered, the transmission power control for data channel and control channel in this scenario therefore needs to be considered. The user will have two pathloss value on each carrier to macro cell and small cell separately , therefore even on one carrier, the transmission power of the user should be separately controlled for macro cell and small cell to fully compensated for control channel and partially compensated for data channel. 

Proposal 1: it is proposed to send LS to RAN1 requesting the investigation of:

A. support SRS and PUCCH in small cell supporting dual connectivity 
B. how to enable power control when considering dual connectivity support.

The MAC layer consideration to support dual connectivity 
Power headroom report (PHR) is important in uplink system to provide necessary UE side power information to assist the scheduling at the eNB. In the system with single connectivity, since there is only one serving node, the power headroom reporting is relatively simple even when considering carrier aggregation.  The PHR procedure has only one set of trigger. But in the dual connectivity case, there are two serving cells, furthermore, the user will have two pathloss value on each carrier to macro cell and small cell separately if multiple carrier is supported, then the user will have different transmission power on different carrier to different cell .Therefore the user may  report different PHR to different cell. The UE is required to report the power headroom on each activated carrier to the corresponding cell which is configured with these carriers, the power headroom reporting for different cell (macro cell and small cell) may also require independent triggers. 
Observation 1: modification to legacy power headroom reporting procedure (eg: triggering and reporting) is required for support of dual connectivity. 

The Buffer Status report procedure is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers of the UE and the Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission. When there is no resource allocation to transmit the BSR, SR sending will be triggered. In the system with single connectivity, there is only one node to get buffer Status report and scheduling request for scheduling and the BSR procedure has only one set of trigger. But to support dual connectivity, there are two serving cell and there are two distributed schedulers with non-ideal backhaul connection. Depending of the design, if radio bearer level split is considered, the some bearers would only be transmitted over the small cell. Therefore, small cell resources is required when data available for the UL transmission on the offloading bearers. On the other hand, if packet level split is considered, the BSR can be transmitted to the macro cell and the macro cell may communicate to the small cell of the resource request based on the scheduling policy negotiated between the two eNBs. Either method requires some modification to the BSR procedure. Therefore triggering condition of BSR, reporting value and how to transmit BSR need to be further investigated depending on the traffic splitting method (ie: RB level split vs packet level split). 

Observation 2: modification to buffer status report procedure (eg: triggering and reporting) is required for support of dual connectivity depending on the traffic split followed (ie: packet level split vs radio bearer level split). 

The scheduling grant for the UL transmission in LTE is UE based instead of RB (Radio bearer) based, therefore LCP procedure is needed to define how the data is scheduled for transmission from multiple bearers i.e, how to allocate the grant between different kind of traffic (RB/logical channel) of one user and fill the data from different logical channel into MAC PDU.
In current system with single connectivity, each kind of traffic can be served by all the serving cells. The grant from all the serving cells can be used by each kind of traffic /RB. But for the cases of the dual connectivity with macro cell and small cell, the grant will be transmitted by multiple cells and it is possible that different RB can be served by different cell. Moreover, the eNBs involved in the dual connectivity may be from different vendors hence has different scheduling policies. The schedulers may operates independently or with minimum interaction in order to support inter vendor deployment. Therefore the logical channel prioritization should be improved taken into account the operating scenario where the UE is served by more than one independent schedulers belong to different network vendors with different QoS/scheduling policies. Modification required for logical channel propitiation depends whether RB level or packet level split is performed.
Observation 3: modification to logical channel prioritization procedure is required for support of dual connectivity. The modification depends on the traffic split followed (ie: packet level split vs radio bearer level split). 

Prior to any communication with the small cell, UE is required to gain UL synchronization with the small cell. RACH procedure is used for UL synchronization. In Rel-11, contention-free RACH on SCell has been supported with mainly two principles: 

· Contention-free RACH procedure is triggered by PDCCH order signaling, which is sent on the subjected SCell’s scheduling cell

· PRACH is sent on the subjected SCell while RAR message (message 2) is sent on PCell of this UE.

When considering the dual connectivity support, the current RA procedure (as used in CA) may not be sufficient due to the long backhaul latency between the macro and small cell. For example if the Rel-11 RA procedure to be used, the non-ideal backhaul will delay the RAR transmission, thus ra-ResponseWindowSize as per the Rel-11 may not be sufficent. On the other hand, the transmission of RAR on the small cell may be more appropriate considering the backhual latency. In conclusion, modification may require for leagcy RA procedure to take into account the long backhaul latency.

Observation 4: modification to RA procedure may be required for support of dual connectivity. 

PHY and MAC modifications are required mainly due to the non-ideal backhual latency between the involved eNBs for dual connectivity support. However, the modification also depends on whether packet based or radio bearer level tarffic split is used. therefore, impacts on MAC and PHY fucntions and procedures should also be taken into account when comapring the packet level vs radio bearer level split. 

3 Conclusion 
This contribution briefly analyses MAC and PHY functional modification required in support of dual connectivity while considering non-ideal backhaul between the macro and small cell. The analysis showed that the modification required depends on whether packet level or radio bearer level traffic split is used. The following proposals and observations are made.

Proposal 1: it is proposed to send LS to RAN1 requesting the investigation of:

A. support SRS and PUCCH in small cell supporting dual connectivity 

B. how to enable power control when considering dual connectivity support.
Observation 1: modification to legacy power headroom reporting procedure (eg: triggering and reporting) is required for support of dual connectivity. 

Observation 2: modification to buffer status report procedure (eg: triggering and reporting) is required for support of dual connectivity depending on the traffic split followed (ie: packet level split vs radio bearer level split). 

Observation 3: modification to logical channel prioritization procedure is required for support of dual connectivity. The modification depends on the traffic split followed (ie: packet level split vs radio bearer level split). 

Observation 4: modification to RA procedure may be required for support of dual connectivity. 
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