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1 Introduction

New SI “higher layer study of small cell enhancements in RAN2/3” is approved in RP-122033. The objective of the SI is quoted below;

[image: image1.wmf]·

 

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 sce

narios 

such 

dual connectivity is feasible

 

and beneficial

.

 

�

 

Identify and evaluate 

potential 

a

rchitecture and protocol 

enhancements for the 

scenarios in T

R

 

36.932 and in particular 

for the

 

feasible 

scenario

 

of dual connectivity

 

and minimize core network impac

ts 

if

 

feasible

, including:

 

-

 

Overall structure of control and user plane and their relation to each other, e.g., 

supporting

 

C

-

plane and U

-

plane 

in different nodes, termination of differ

ent protocol layers, etc.

 

·

 

I

dentify and evaluate the necessity of

 

o

verall 

Radio Resource Management structure

 

and mobility 

enhancements for 

small c

ell deployments

:

 

-

 

Mobility mechanisms for minimizing inter

-

node UE context transfer and signalling 

towards the core network.

 

-

 

Measurement

 

and cell identification

 

enhancements

 

while mini

mizing incre

a

sed UE battery consu

mption

.

 


We propose to start with inter-ENB CA to achieve dual-connectivity. In this contribution, issues that RAN2 would have to address w.r.t inter-ENB CA are discussed. 
2 Discussion
Issue 1: HARQ feedback/PUCCH handling for the small cell
Due to long backhaul delay, it would be no longer possible to process all PUCCH in the PCell. Part of PUCCH (e.g. HARQ feedback for PDSCH received from the small cell, CSI on the small cell etc) is for the small cell; the information contained there should be received by the ENB controlling the small cell (hereafter, small ENB). One can consider keeping the current principle of PUCCH only in the PCell by forwarding the information over interface between the macro ENB and the small ENB. It has considerable drawback that the added delay to the information would damage the usefulness of the information significantly. It should be noted that the main motivation of inter-ENB CA would be to avoid such delay.

Then the next approach, feasible approach in our understanding, is to transmit PUCCH to the small cell if it is for the small cell. It would require UE to handle PUCCH both in the PCell and in the SCell. Anyway, it is more of RAN1 issue; the only thing we can do at this stage would be note that it is one of feasible solution.

Observation 1: UE may be required to handle PUCCH both in the PCell and in the SCell. 
Issue 2: UE HW complexity with regards to IMD
When a UE has a single PA for inter-band transmission, so called IMD (inter-modulation distortion) happens when UE performs the transmission simultaneously in the different bands. Considering the trend of UE form factor, single chip architecture would remain as a valid implementation option for long time. Assuming that single PA UEs (or single chip UE) survive (or even dominate) when enhanced small cells are deployed, the inter-ENB CA should be designed to support both single PA UE and multiple PA UE; i.e. it should be taken into account that some UE may not be able to perform simultaneous uplink transmissions over different bands.
Observation 2: Some UE may not be able to perform simultaneous uplink transmissions over the macro cell and over the small cell.

Issue 3: C/U-Plane architecture
If we look at the architecture in the view point of which network node distributes the user data, there are two possible options;

· RAN split where all the user data are routed to the macro ENB first and part of them are routed to the small ENB;
· CN split where the user data to be served by macro ENB are routed to the macro ENB and the 
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Fig 1
Table 1 summarize both approach.
<Table 1>

	
	RAN split
	CN split

	S-GW connection
	S-GW is connected only to the macro ENB
	S-GW is connected both to the macro ENB and small ENB

	GTP tunnel over the X2 interface
	GTP tunnel between macro ENB and small ENB for buffered data forwarding is established
	Same as RAN split

	
	GTP tunnel between macro ENB and small ENB for fresh data forwarding is established
	GTP tunnel between macro ENB and small ENB for fresh data forwarding is not established

	Procedure
Procedure for CN split
	In general, procedure would be required for small cell addition/release. Below is only an example.
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	In general procedure for small cell addition/release and procedure for E-RAB relocation would be required. Below is only an example
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	Protocol stack
	There would be many possible options. Below are some examples.
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	In CN split, there seems no other way than placing entire protocol stack in the small ENB.
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	UE LCP
	Serving cell specific LCP is applied or not depending on protocol stack options 
	Serving cell specific LCP (i.e. certain RB is transmitted only in a serving cell) is applied

	Supportable features in small ENB
	· Local Break Out in small ENB may or may not be possible depending on protocol stack options

· Smart caching (e.g. video contents delivery) in small ENB may or may not be possible depending on protocol stack options

· Traffic policing in small ENB may or may not be possible depending on protocol stack options
	· Local Break Out in small ENB is possible

· Smart caching (e.g. video contents delivery) in small ENB is possible

· Traffic policing in small ENB is possible


Both options should be possible. We don’t see big difference between them in terms of performance and complexity. One can consider RNA split more favourable because it is more aligned with the current CA architecture. However it should be noted that RAN split has potential risk explained below. 
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Fig 2
In backhaul dimensioning perspective, RAN split requires the backhaul capacity between the macro ENB and S-GW (or intermediate router) to be overdimensioned. X be the appropriate backhaul capacity (or traffic demand) for a small ENB; Y be the appropriate backhaul capacity for a macro ENB; the required backhaul capacity between the macro ENB and the small ENB would be Y+ (n*X)*2, which is bigger than in CN split. Topology would affect the required backhaul capacity as well. For example the problem is less severe in the ring topologies. In deployment point of view, initial phase of the small cell would mostly be ‘in-building’ deployment, where backhaul capacity would be less an issue. 

Since both options are feasible and chance/risk is largely depending on operator’s deployment scenario, the choice should be driven by the operator’s need.

Observation 3: Both options are feasible. Operator’s view/preference should be taken as a first priority in selecting one of them.
Issue 4: VoLTE only in macro cell or also in small cell
When in small cell coverage, it is better to handle as much UP traffic as possible in the small cell due to e.g. less UE power consumption, higher spectral efficiency and smaller population in the small cell. Some traffic requires rigid QoS that may not adequate to be handled in unstable link (e.g. small cells are frequently up and down). Hence one can still want to have VoLTE in the macro to avoid frequent interruption.
The first aspect leads us to the scheduling strategy of “complete offload” where all traffic is handled in the small cell, and the second aspect leads to the scheduling strategy of “partial offload” where certain traffic is always handled in the macro cell while others are handled in the small cell while UE in the small cell coverage.
At this point, we believe handling VoLTE in the small cell wouldn’t make noticeable interruption. Hence complete offload would be more suitable scheduling strategy. It is of course too risky to rule out any of very basic scheduling strategy from the standardization. The standard should allow both options.

Observation 4: In designing inter-ENB carrier aggregation, it should be taken into consideration that VoLTE can be served either in the macro cell or in the small cell.
3 Conclusion
Following observations on inter-ENB carrier aggregation are made;
Observation 1: UE may be required to handle PUCCH both in the PCell and in the SCell. 

Observation 2: Some UE may not be able to perform simultaneous uplink transmissions over the macro cell and over the small cell.

Observation 3: Both options are feasible. Operator’s view/preference should be taken as a first priority in selecting one of them.
Observation 4: In designing inter-ENB carrier aggregation, it should be taken into consideration that VoLTE can be served either in the macro cell or in the small cell.

It is proposed to take above into account when discussing dual-connectivity/inter-ENB carrier aggregation.























































































































































































































































































�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.   Use the format of document number specified by the � HYPERLINK "http://www.3gpp.org/About/WP.htm" ��3GPP Working Procedures�.





Page 5

