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1 Introduction

Heterogeneous networks have been studied earlier in context of LTE but lately there has been some discussion starting in HSPA also. A study item was approved to be studied in RAN1 in RAN plenary #57 [1]. This contribution discusses scenarios and simulation assumptions related to this study.
2 Discussion
The detailed objectives of HetNet study item are:

· Define deployment scenarios and simulation assumptions for heterogeneous networks 

· Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells
· identify small cell coverage issues and potential solutions
· identify the uplink interference issues between macro cell and small cell and potential mitigation techniques

· identify the downlink interference issues between macro cell and small cell and potential mitigation techniques

· Investigate uplink and downlink imbalance issues and solutions for co-channel deployment of macro and small cells

· Investigate range expansion techniques with multiflow
· evaluate system performance benefits of range expansion in different multi-flow configurations (including multi-carrier multi-flow configurations) over solutions possible with Rel-11 and earlier techniques

· investigate uplink and downlink imbalance effects to uplink and downlink performance due to range expansion and identify potential mitigation techniques 
· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· Investigate improvements to UE discovery and identification of  small cells 
· investigate UE speed based mobility solutions
· investigate the mobility issues of mass small cell deployment(e.g. UE measurement requirements, limited neighbour cell list size, PSC confusion) and possible solutions
· identify the requirements and potential solutions of mobility enhancement for multi-flow deployments, including multi-carrier multi-flow
· Investigate issues and solutions in shared cells scenarios, where shared cell refers to one cell over several transmission points, e.g. spatially separated antennas.

· The study shall include considerations to minimize the impact on physical layer and legacy terminals

Discussion on scenarios:

First thing requiring attention in study item is identifying scenarios and agreeing simulation assumptions. First of all type of node B used in small cells should be identified. Study item is not limited to any particular type so currently both pico and femto cells could be used. The major difference between the two is whether deployment is assumed to be planned. Also there are some differences in parameters e.g. transmission powers. Earlier LTE eICIC study item also allowed both node B types but in the end work was mostly concentrating on pico cells only. Hence following LTE example pico cells could be taken as assumption in HSPA HetNet study item.
Proposal 1 Discuss assumed node B type for small cells in study item
One important question is whether soft handover can be assumed to be used. Soft handover has been de facto standard in WCDMA networks from the beginning. Hence it is natural that leaving soft handover and especially uplink macro diversity out in heterogeneous deployments would create additional problems. Hence this issue should be discussed and assumption in study item should be decided. This decision is also connected to the question about pico and femto node Bs.
Proposal 2 Discuss if soft handover should be basic assumption in study item
Objectives mention investigation of range extension/expansion effects to system performance; however the mechanism of range extension is not defined. There are several possible ways how to implement range extension: Lowering of macro node B transmission power, boosting of small node pilot power and introducing separate offsets to mobility measurements of macro and small node Bs. Essentially, these methods would bias the handover towards the desired cell to improve the performance in some cases. More specifically, 
· Lowering of macro node B transmission power will reduce the gap on the transmission power to the small cells, thus implicitly mitigating the severe link imbalance problem. However, reduction of the macro node B transmission power may cause the coverage shrink with some coverage holes where there is no pico cell deployment.

· Boosting of small node pilot power can extend the coverage of the pico cell and accordingly bias more UEs towards the small cell with the benefit of offloading more macro UEs to the small cell. On the other hand, there would be less power for data transmission because of more power allocated for pilot boosting.
· The last option can be justified by not having effect to the actual transmit powers and hence interference situation in network. It was chosen as the method used in LTE. Offset to mobility measurement can already be implemented by using legacy parameter Cell Individual Offset (CIO) found in RRC specification. However, it may degrade the downlink performance of pico cell due to the lower SINR. Thus, it may need a consideration on the performance evaluation for the tradeoff.
Problem with HetNet is that mobility measurements based on downlink do not lead to optimal serving cell selection to uplink now that transmission powers of node Bs are not the same anymore. That can be mitigated by range extension but then serving cell selection is not optimal to downlink. This problem can again be mitigated by using e.g. multiflow since in multiflow both optimal cell and slightly worse serving cell signals can be aggregated. In order to produce gains multiflow requires type 3i diversity receiver, which alone could mitigate unwanted side effects of certain type of range extension. It could also be evaluated how much can be done simply by using type 3i receiver without having the multiflow feature enabled.
It could also be considered whether the pico nodes are assumed to be separate sites or if they are considered as remote radio heads for the macro site. The RRH concept is more advanced one and impacts certain signalling setups (e.g. downlink TPC) but the assumption probably has smaller impact on the overall data throughput. 
System simulation assumptions:
System simulation assumptions used in LTE HetNet can be found in Section A.2.1.1.2 in TR 36.814 [2]. It is proposed that macro+pico scenario is used for HSPA HetNet evaluation. That has also been the most popular scenario used in LTE HetNet studies. Proposed parameters used in system evaluations are shown in Table 1. Basic principle in defining parameters is that LTE parameters are mostly used as they are except changes that are necessary to make parameters suitable to HSPA.
The small cells are also assumed to be positioned outdoors and being ones where any UE can connect (i.e. open subscriber group is assumed). 
Receiver type proposed in simulation assumptions is type 3i. Intention here is to see how much problems in heterogeneous deployments could be mitigated by advanced receiver. 
Node B noise figure assumed in [2] is the same to both node B types. There seem to be different assumptions on this since e.g. [3] assumes 5dB noise figure for macro and 13 dB for pico. Noise figure assumption should be discussed since it may have significant effect to the overall results. Other parameter that could be different for different node B types is RoT target.
Effect of the noise figure, is further illustrated in Figure 1. Supposing 43dBm Tx power for macro cell and 30dBm Tx power for pico cell without SHO, then the UE at the position with the equal Ec/No level received from macro BS and pico BS would have 5dB uplink/downlink imbalance supposing 5dB NF for macro BS and 13dB NF for pico BS. However, with a lower NF for pico BS, e.g., 6dB NF, the uplink/downlink imbalance would be enlarged to 12dB. Thus, the setting of NF values in addition to the Tx power for the macro BS and pico BS may impact the evaluation of uplink/downlink imbalance issue.
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Figure 1. Illustration of uplink/downlink imbalance affected by BS noise figure
Proposal 3 Discuss if assumed noise figure and RoT target for different node B types is the same or different.
Table 1 System simulation parameters
	Parameters
	Values and comments

	Deployment scenario
	Picos randomly dropped onto 3GPP Case1 macro-cells

	Minimum distances
	· Minimum Distance: 
· Macro – small power node: >75m

· Macro – UE : >35m

· Small power node – small power node: >40m

· Small power node – UE : >10m
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	Number of pico cell per macro base-station
	4

	UE distribution within cell
	According to Configuration #4 in [2]

	Number of UEs / sector
	Configuration #4b:
Macro UEs: 8
UEs in small power node = 2 per small power node for 4 small power nodes/macro cell
Configuration #1:
Macro UEs: 16
UEs in small power node = 0

	Inter-site distance [m]
	500

	Carrier Frequency
	2000 MHz

	Path Loss
	Macro to UE:

L=128.1 + 37.6log10(R), R in kilometres

Small power node to UE:

L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 10 dB as in [2]
Inter-Node B Correlation: 0.5 including small cells as in [2] 
Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi for macro, 5 dBi for small power node

	Node B antenna pattern
	Macro node:

Case 1 (3GPP ant):                                                     
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Small power node: Omnidirectional

	Channel Model
	IID PA3

	Penetration loss [dB]
	20

	Maximum UE EIRP
	23 dBm

	BS noise figure
	5 dB

	RoT target
	10 dB

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 4 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering, utilized through Actual Value Interface (AVI) tables

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=1% after 4th trans for Rake 

	UL TPC Error Rate [%] 
	4

	E-DCH Scheduling 
	Period
	2ms

	
	Type
	Proportional fair

	
	UPH filtering
	100 ms

	CPICH Ec/Io
	-10 dB

	Total Overhead power including CPICH
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver
	Type 3i

	Maximum Sector

Transmit Power
	Macro node:

43 dBm
Small power node:

30 dBm

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH



	DL HARQ
	6 HARQ processes, Target BLER = 10% after 1st transmission

	Maximum active set size
	3


3 Conclusion
In this paper we have discussed scenarios and simulation assumptions for HSPA heterogeneous networks and made the following proposals to discuss some of the assumptions in the study item:
Proposal 1 Discuss assumed node B type for small cells in study item
Proposal 2 Discuss if soft handover should be basic assumption in study item
Proposal 3 Discuss if assumed noise figure and RoT target for different node B types is the same or different.
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