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1 Introduction

A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPNs) as a complement to a macro network aims at improving capacity and coverage. In [2], we list some of the deployment scenarios to be studied as part of the study item. One important deployment scenario is when each LPN creates a separate cell within a macro network. We refer to this as co-channel deployment. Another deployment scenario which is attractive in a number of mobility aspects is the combined cell deployment where each LPN is part of the macro cell. The combined cell deployment avoids frequent handovers, and allows the UE to reduce handover failure rate [3, 4]. An overview of combined cell deployment is given in [5]. 

It was shown in [6] that the interference due to spatial reuse in both co-channel and combined cell has the same effect.  Hence, with combined cell similar cell-splitting gains as that of co-channel deployment can be obtained. It has been found that there is slight degradation in the combined cell performance due to the additional pilot overhead needed to support spatial reuse.
During RAN1#72bis and RAN1#73, questions were raised about the performance of legacy UEs in a combined cell deployment. In [7], it was shown that the legacy UE performance is significantly impacted due to the propagation delay between macro and LPN. However, in [8, 9] it was shown that the degradation is very small when the same simulation framework was used.

During RAN#61, it was concluded that the impacts of combined cells, e.g. on performance of legacy terminals, should be further assessed in RAN1 [10].
In this contribution, we present further results on legacy UE performance in a combined cell. We illustrate scenarios where legacy UEs can actual experience considerably improved performance in a combined cell, by employing spatial reuse (SR) to serve multiple legacy UEs in a combined cell.
2 Legacy UE Operation in Combined Cell
The legacy UE operation is thoroughly described in [11]. In short, a legacy UE uses the P-CPICH, which is transmitted by all nodes in a combined cell, for channel quality indicator (CQI) estimation as well as for channel estimation. The legacy UEs can either use pure SFN operation where users in the same cell are either code-division multiplexed or time-division multiplexed, or by applying the spatial reuse mode where well isolated nodes may transmit to different UEs simultaneously [11]. In the SFN mode, users cannot in general expect a significant increase in capacity mainly due to lack of cell-splitting gain, and partly because of increased control channel overhead. With the SR operation, the network reuses the same radio resource to serve different legacy UEs in the same TTI.
3 Spatial Reuse for Serving Multiple Legacy UEs
In certain scenarios, the network may actually reuse the same radio resource to serve several legacy UEs in the same TTI. This however results in a propagation channel mismatch between P-CPICH and HS-PDSCH. Spatial reuse (SR) gives rise to what is called the cell-splitting gain. However, for legacy UEs a mismatch between the multipath delay profiles of P-CPICH and HS-PDSCH will result in degradation due to inaccurate channel parameter estimation (e.g. path delay and coefficient and CQI) [11]. However, if the mismatch is small due to that the paths from the other transmit nodes are weak, the benefits of spatial reuse may be preserved to a large extent. In contrast to the SFN case where all links in the combined cell are used for HS-PDSCH transmissions, the SR mode allows multiple UEs to be served in the same TTI, and each UE is served by only a subset of the nodes in a combined cell. In this case, the network only uses links that have signal strength above a threshold, which is computed as the best available link’s signal strength minus a parameter, namely the Isolation Offset. If the Isolation Offset is (very) large, the SFN case is used since all the links are most likely to have signal strength above the threshold.  On the other hand, if the Isolation Offset is (very) small, only the best link is used since all the other links are most likely to have signal strength below the threshold. With a reasonable setting of the Isolation Offset parameter, every UE will have a set of links and UEs with disjoint sets of links may be scheduled simultaneously. Note that using a large isolation offset will reduce the cell splitting gain while at the same time reduce the opportunities for several UEs to be scheduled simultaneously and hence reduce the effects of inaccurate channel parameter. Since the legacy UEs cannot use the new Rel-12 pilots of the combined cell, UL measurements are used to determine which links the UE will be served in the SR mode.
4  System Simulation Model
In the simulations, a full buffer traffic model is assumed. The baseline case is taken without any deployment of LPN. Note that type 3 receiver is assumed for all deployments. A cell individual offset (CIO) of 0 dB is assumed.  Table 1 below provides a summary of parameters used in the system simulations. In simulation results, we provide average, median, and 5-percentile user throughout performance.
When scheduling a SR enabled legacy UE in a specific TTI, all resources or channel codes at the ports transmitting to the UE will be occupied and not available for other UEs in this specific TTI.  This means that only UEs that use different ports may be scheduled simultaneously. Obviously, using a large Isolation Offset will reduce the opportunities to schedule more than one UE in the same TTI.

To balance the possible mismatch between the channel estimation and the true channel from the transmitting links, a CQI adjustment based on HARQ statistics is used.

Table 1: System level simulation parameters.

	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m



	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

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

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation : 1.0

Correlation Distance: 50m 

	Antenna pattern
	3GPP ant (2D ant):                                                     
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            = 70 degrees,     Am = 20 dB

LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	Macro Node: 43dBm

LPN: 37 dBm, 

	Max BS Antenna Gain
	Macro cell: 14dBi

LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB

	CIO
	0 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz

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

-Total available power for HS-PDSCH is the total node power minus the total overhead power
HS-PDSCH HARQ: Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	Number of HARQ processes
	6

	Max number of HARQ transmissions
	4

	HS-SCCH code number
	4

	Total overhead power
	20% for co-channel, 25% or 30% for combined cell

	UE Receiver
	Type 3 

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB 

R1b (reporting range constant) = 4.5 dB 

	Max active set size
	3

	Power control
	DL: Based on CQI. No IBLER control

	Traffic model
	Full buffer

	Total number of users
	16

	User dropping criteria
	Hotspot

	Number of LPNs
	 4

	LPN drop criteria
	Random with uniform distribution

	Network Configuration
	SIMO


5 Simulation Results
We evaluate the performance of legacy UEs when spatial reuse is enabled within a combined cell. For the combined-cell deployment, we assume that either 25% or 30% power is consumed by the overhead channels (i.e. combined cell pilot Solution I and II in [12]). For the macro-only and co-channel deployments, 20% of total power is assumed for the overhead channels.
Our results are shown in Figure 1a for 25% control channel overhead and in Figure 1b for 30% control channel overhead. It can be seen that when spatial reuse is enabled for legacy UEs in the same combined cell, it is possible to achieve a significantly higher throughput than the macro-only deployment. What is also seen is that there is a considerably increased throughput compared to the pure SFN case. The improvement is seen for the mean, the median and for the 5th percentile user throughput. However, by comparing the performance between SR for legacy users and SR for Rel-12 UEs, it can be noted that the channel mismatches between P-CPICH and HS-PDSCH result in a significant degradation for the legacy UEs. The setting of the Isolation Offset will be a trade-off between cell splitting gains and robustness against the channel mismatch. Depending on the scenario, the performance of SR enabled legacy users will be somewhere in between SFN and pure SR. It should also be noted that in the simulations, ideal node selection is used. This will give a slightly better performance for the SR enabled UEs than what would be the case in a real system, where node selection is based on UL measurements. 
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Figure 1a-b. Relative gains over macro-only deployment achieved by various heterogeneous network deployments and configurations. Cases with SR enabled for legacy users are denoted by SR-L x, where x is the Isolation Offset determining the inclusion of links used for transmission of HS-PDSCH.
In Figure 2, the cumulative distribution function (CDF) of the number of scheduled UEs per TTI and cell is depicted. It can be seen that as the Isolation Offset is decreased, the number of simultaneously scheduled users in the same combined cell increases. Note that even for SFN and macro-only cases, the average number of simultaneously scheduled users per macro cell may be slightly greater than 1, due to code-multiplexing. Also as seen as the Isolation Offset is decreased, the number of HARQ transmissions increases as shown in Figure 3, indicating an increasing channel mismatch. Overall, enabling SR for legacy UEs leads to increased performance in user throughput.
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Figure 2-3. Cases with SR enabled for legacy users are denoted by a SR-L x, where x is the Isolation Offset determining the inclusion of links used for transmission of HS-PDSCH.
From the simulation results, it is clear that enabling SR for legacy users has a good potential to increase capacity compared to SFN. However, to reach a performance matching the co-channel case, the new combined cell pilots are needed.
Observation I: It is possible to enable spatial reuse for legacy UEs in the combined cell to achieve an increased performance compared to SFN or macro-only deployment.
6 Summary and conclusions
In this contribution, the performance of legacy UE when spatial reuse is used to serve multiple UEs in the same TTI is investigated. It is shown that a higher UE throughput can be achieved by spatial reuse i.e. serving different legacy UEs simultaneously using the same radio resources. Though channel mismatches between P-CPICH and HS-PDSCH result in degradation compared to the case of the SR deployment (no channel mismatch), legacy UEs still enjoy higher average throughput compared to the pure SFN or Macro only scenario.
Observation 1: It is possible to enable spatial reuse for legacy UEs in the combined cell to achieve an increased performance compared to SFN or macro-only deployment.

We propose that the findings of this contribution are captured in the technical report [12] of the UMTS heterogeneous networks study item.
Proposal I: The findings of this contribution are captured in the technical report of the study item.
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