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1 Introduction
There have been discussions on the benefits of utilizing radio resources across multiple sites to improve per-UE throughput. 
In this contribution, we give some analysis and simulation results to demonstrate the throughput gain achieved by enabling multi-stream aggregation at UE on connections with macro and small cells in intra-frequency deployment.
2 Discussion 
The following figures illustrate traffic load (in bits) on macro and small cells. Samples are taken every 500 ms based on the traffic model of FTP 2 [1]. It can be observed that traffic in a cell can vary significantly from time to time. This leads to fluctuation in radio resource utilization.
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Figure 1-a Macro cell and small cell traffic for FTP 2  (10 UE in Macro and 4 UE in small cell)
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Figure 1-b Macro cell and small cell traffic for FTP 2 (10 UE in Macro and 10 UE in small cell)
Compared to load based handover and eICIC, multi-stream aggregation allows network to take advantage of this kind of traffic variation more adeptly.
· For load based handover, small cell can trigger handover procedures to offload the cell edge UE to macro cell, comparing with dual connectivity more handover signalling will be introduced to follow the load variety, since dual connectivity provide a possibility to avoid this kind of unnecessary handover and signalling load. 
A dual connectivity UE can always keep connection with both macro cell and small cell at the same time, macro cell can decide how to forward the UE traffic based on cell load situations, and then both macro cell and small cell can serve UE. There is an extreme example, when macro cell is light load, UE all traffic can be served by macro cell without forwarding, we could find UE throughput equals to the case handover UE to macro cell, but it is transparent to the dual connectivity UE and there is no handover procedure introduced.
As an example showed in the Figure 2 below, a dual connectivity UE 1 in small cell edge could be served by macro cell in non-ABS to utilize macro cell radio resource, and the UE 1 can also be served by small cell in ABS. Due to all UEs locating in small cell can get more than one cell radio resource, the throughput can be increased. At the same time, the utilized radio resource from macro cell is free radio resource, so macro cell throughput will not decreased.
· For eICIC, a possible method is to allocate ABS dynamically to follow the load variety, but this will bring significant impact on UE CSI/RRM/RLM measurement, RRC signalling configuration, X2 signalling configuration and neighbour cell behaviours etc, at the same time, macro cell free radio resources can not be utilized sufficiently. While dual connectivity has no impact on above mentioned issues, it provides a possibility to aggregate all possible free radio resource among multiple sites with minimize system impact.
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Figure 2 multi-stream aggregation in intra-frequency deployment
Observation 1: Multi-stream aggregation can adapt the traffic load variation among multiple sites by utilizing radio resources across multiple sites.
3 Simulation Result 
Figure 3,4,5 provide the simulation result of per UE throughput with  multiple stream aggregation (MSA) in co-channel small cell deployment scenario. The simulation assumptions are listed in Annex 1.
In the simulation, the hotspot scenario is modelled by dropping more UEs in the pico than the macro, e.g., 6 UEs per pico and 3 UEs in macro. All UEs are configured with the same traffic model. Users are scheduled according to the Proportional Fair principle. If scheduling opportunity is still available after serving non-MSA users, the radio resource of macro cell can be used to carry MSA users’ traffic.
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	Figure 3 UPT for edge UE
	Figure 4 UPT for Pico UE
	Figure 5 UPT for Macro UE


For figure 3, MSA UE could get more spectrum resource, so the UPT of Pico edge UE could get gain in this scenario.
For figure 4, because some traffic of small cell edge UE is offloaded to macro cell, the spectrum resource which are used for the offloaded traffic before can be used to serve those UE only served by small cell, so the UE only served by small cell can also get more resource to transmit data and have UPT gain.
For figure 5, since radio resource on Macro cell is used for MSA UE only when its load is light and resource utilization is low, there is little impact on throughput of UE of Macro cell.
Observation 2: Multiple stream aggregation increases per UE throughput in HetNet deployment.
Based on the observation 1 and observation 2, we propose the following:
Proposal1: The present results should be included in TR36.842 [4] as suggested in Annex 2.
Proposal2: RAN2 is kindly requested to study enhancements to support multiple stream aggregation in intra-frequency scenarios for throughput enhancement. 
4 Conclusion
Observation 1: Multi-stream aggregation can adapt the traffic load variation among multiple sites by utilizing radio resources across multiple sites.
Observation 2: Multiple stream aggregation increases per UE throughput in HetNet deployment.
Based on the observation 1 and observation 2, we propose the following:
Proposal1: The present results should be included in TR36.842 [4] as suggested in Annex 2.
Proposal2: RAN2 is kindly requested to study enhancements to support multiple stream aggregation in intra-frequency scenarios for throughput enhancement. 
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6 Annex1 Simulation assumptions
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	
	Radom in Macro cell

	
	Picos/macro cell
	4

	Macro-pico deployment type
	
	Co-channel

	UE placement
	UE dropped
	1/8 in the Macro cell 7/8 in the Pico cell 

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	UE Tx power
	
	23 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	25 m

25 m

	Penetration loss
	
	20 dB

	Multipath delay profile
	
	Typical Urban

	Receiver diversity
	
	2RX MRC

	Schedule policy
	
	PF

	Traffic model
	Heavy loading
	FTP Model 2, 

File size (S) = 0.5Mbytes 
λ= 0.2

	DL Interference load
	Macro, Pico
	Depend on the traffic model 
depend on the schedule result

	
	
	


7 Annex 2: Text proposal for TR 36.842
The benefits of multi-stream aggregation (MSA) have been studied and evaluated in R2-131781 for co-channel deployment (Scenario 1) with 4 pico nodes per a macro cell. The pico nodes were placed at traffic hot spots and the inter-site distance between macro nodes is 500m. The performance metrics used are per-UE user perceived throughput (UPT). 
Figure x,y, and z provide the simulation result of the achieved per UE throughput. UE operating in MSA mode may be served by macro and pico eNB if necessary, and are able to receive data from pico and macro cells. It can be observed that MSA can increase UPT by flexibly aggregating radio resource from multiple sites for a UE.
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	Figure x UPT for edge UE
	Figure y UPT for Pico UE
	Figure z UPT for Macro UE
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