3GPP TSG RAN Meeting #65	RP- 141188
 Edinburgh, Scotland, 9 - 12 September 2014

Source:	ZTE
[bookmark: Title]Title:	Supporting dual connectivity in LTE-U
[bookmark: Source]Agenda Item:	14.1.1
[bookmark: DocumentFor]Document for:	Discussion

Introduction
LTE-U is an attractive Rel-13 candidate which has received a lot of attention and strong interest from many companies including operators and vendors.  In 3GPP workshop on LTE-U held in June 2014, modes of operation were discussed.  According to the summary from [8], Licensed-Assisted Access (LAA) mode has drawn the most interest. i.e. a licensed-assisted access to unlicensed spectrum in an operator-controlled manner.  LAA further includes two candidate modes: Carrier Aggregation (CA) based and Dual Connectivity (DC) based.   While the former is considered to be the first priority, most of the companies see the value to study Licensed Assisted Dual Connectivity operation as well.    Supporting DC or non-co-located scenario with non-ideal backhaul was mentioned in contribution papers [1][2][3][4][5][6][7].
In this paper, we discuss the scenarios of LAA deployment related to DC. Motivations and benefits of supporting DC are identified for these scenarios.  
Discussion
As one of most important features in Rel-12, DC was studied in depth and has been almost completed in Rel-12. In this section, we focus on the discussion on the scenarios of LAA which requires Rel-12 based DC.  Like Rel-12 DC, it is assumed that UEs are not supposed to receive the current broadcasted system information on a LTE-U cell.
LAA Scenarios
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Figure 1 LAA scenarios
The use cases of LAA are considered mostly in heterogeneous network.  Figure 1 illustrates LAA deployment scenarios in heterogeneous network.   There are co-located and non-co-located scenarios.  When the licensed LTE carrier and unlicensed carrier are co-located in a small cell, CA can be used to achieve LAA.      
When unlicensed carrier is not co-located with licensed LTE carrier, CA can be used only if there is ideal backhaul (e.g. optical fibre) between macro and small cell.   As shown in figure 1, the RRH can be seen as a small cell configured with unlicensed carrier(s) and scheduled in CA mode with a licensed carrier of macro cell.    If we need to provide more hotspot demand, we have to deploy more fibres between macro and RRH. However, the ideal backhaul connection is not always available and can’t be applied to all scenarios.  It is not suitable for scenarios with a large number of connections which will lead to high cost and difficult deployment in the aspect of infrastructure construction.  
Without ideal backhaul, DC is the only way to support LAA in non-co-located scenarios. Figure 2(a) illustrates the case that the UE with DC capability can connect to licensed LTE carrier of macro and unlicensed carrier in a small cell via dual connectivity.  Figure 2(b) illustrates the scenario that DC is done in small cell layer i.e. between licensed carrier of a pico and unlicensed carrier of a small cell. 
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Figure 2(a)  DC between macro and small cell
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Figure 2(b) DC between pico and small cell


Motivations of supporting DC scenarios
In this section, we analyze the motivations of supporting DC in the aspects of UE capability, coverage and consideration on the constraint of available licensed spectrum and reusing the existing WiFi network.
1 
2 
3 
UE capability
To support CA, the UE category is usually at least Cat. 4 for commercial UEs in the market.   However, if the CA/DC capable UE only supports two carriers (e.g. Cat.4/5 commercial UEs), the UE can only support DC between licensed carrier in macro and licensed carrier in small cell if DC is not supported for LAA.  This is because one carrier has to be connected to macro for ensuring robustness on mobility.   In order to make 2-CC capable UEs benefit from LAA, DC has to be supported in LAA so that another carrier can be an unlicensed carrier of small cell (as shown in figure 2(a)).  Otherwise, this type of UEs could not use unlicensed carrier for traffic offloading in this scenario.
Even for higher cost UEs supporting higher categories with more carriers (e.g. N carriers),  to use DC based on licensed carrier together with LAA, the UEs have to connect to at least two licensed carriers (one licensed carrier from macro and one licensed carrier from small cell)  at the same time.  Then the UE can only connect N-2 unlicensed carriers.  Considering the current available maximum UE capability is supporting three carriers (i.e. N=3), this means the UE can only connect one unlicensed carrier.  This will greatly impose the limitation of the offloading effect of unlicensed carrier.   
In order to fully utilize the unlicensed carriers together with DC, it is desirable to support DC in LAA considering UE capability.    

Small cell density considering different coverage in unlicensed carrier
The typical licensed carriers of small cell are in 2.6GHz and 3.5 GHz and the candidate unlicensed carriers are in 5 GHz (especially in 5.8 GHz). The wireless channel characteristics of licensed and unlicensed bands are different.  In general, the propagation path loss of the higher band is larger than lower band which means the unlicensed band can only provide smaller coverage than licensed band using the same transmission power.   Besides, the penetration loss in indoor scenario is higher for higher band.   This makes the coverage difference exist between licensed bands and unlicensed bands especially for indoor scenarios.
In addition, higher transmission power is often configured in licensed band than in unlicensed band. The range of the transmission power on a licensed band of small cell can be found in [9] while the transmission power limits of unlicensed band can be found from [10] which are applicable to the system as a whole and in any possible configuration.  As we know, the unlicensed carrier is more sensitive to interference.  For the purpose of interference coordination, the actual transmission power of unlicensed carrier will probably be lower in most cases. 
Due to different channel characteristics and transmit power, small cells with unlicensed band need to have denser deployment comparing with the small cell with licensed band to obtain the same coverage.  Another way is to deploy dual mode small cell (i.e. supporting licensed and unlicensed carrier) in denser manner considering full coverage of unlicensed band.  However, this will increase the cost of network deployment and create overlapping coverage for licensed band which requires careful interference coordination.  In order to reduce the cost and interference, it is desirable to deploy small cells with unlicensed band in different density.  For these small cells, non-ideal backhaul should be supported to connect to the small cells with licensed band.  With different densities, it is possible that the UE is connected to small cells in different locations as shown in figure 2(b).  Therefore, it is beneficial to support DC in this scenario to allow different deployment densities of small cells with licensed bands and unlicensed bands. 
Network deployment constraints
Constraint on available licensed spectrum 
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Figure 3 Constraint on available licensed spectrum 
Some operators may have limited licensed spectrum, e.g. 20MHz as shown in figure 3.  Due to this limitation, the entire licensed spectrum may be used for macro cell to ensure the coverage.  To deploy small cell in the same licensed carrier, it is required to tackle co-channel interference issue between macro and small cell.   If DC can be supported together with LAA, the operator can choose to deploy small cells only with unlicensed spectrum and work with existing macro via DC.
As shown in figure 3, the macro cell is configured with 20MHz licensed carrier and all small cells are configured with unlicensed carrier.   DC can be used between licensed carrier of macro and one or more unlicensed carriers of small cells. The licensed spectrum is applied to maximize coverage range and ensure the robustness of the control signalling.  Meanwhile, the LTE-U nodes are used to satisfy the demand of hotspots. 
Reusing WiFi sites 
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Figure 4 Reusing WiFi sites for LTE-U upgrade
Currently, many operators already have deployed a large number of WiFi sites which are used for traffic offloading.   Adding small cells with licensed carrier requires more careful planning.   Therefore, the easiest way for those operators is to upgrade the WiFi APs to support LTE-U only as shown in figure 4.  Considering non-ideal backhaul of current WiFi network, it requires DC to work when it is upgraded to LTE-U. Compared with WiFi, LAA is easier in an operator-controlled manner and mobility can be ensured with DC.  
In this way, the operators can reduce the deployment cost and can deploy LAA quickly.  On the contrary, if CA based LAA is used, a new LAA network may be needed with introducing ideal backhaul, planning sites considering interference in licensed carrier etc.  It is more difficult to reuse the existing WiFi infrastructure.  This means higher network deployment cost and longer time-to-market is required for the CA based solution.
Conclusions
In this paper, scenarios of dual connectivity in LAA are discussed.  Motivations of supporting DC are identified.   Considering the aspects of UE capability, different coverage, constraints of available licensed spectrum and reusing existing WiFi infrastructure, it is beneficial to support DC in LAA.  Therefore, we have the following proposal:
Proposal:  Dual connectivity is one of the important modes in LAA which should be studied in the LAA SI.
The following objective is changed to include dual connectivity configuration.
- Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation and Dual Connectivity configurations and architecture where an Scell/pScell operates in unlicensed spectrum and is either a DL-only carrier or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]

The following issues should be considered in LAA SI phase
· Scenarios and requirements of DC in LAA
· Ensure the solutions of CA based will not limit the introduction of DC based.  Identify the differences between CA and DC based solutions.
· Re-use Rel-12 DC as much as possible and identify any specification impact to support a simple DC solution in Rel-13 LAA
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