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1. Introduction
In RAN1 #61, based on way forward [2], it was agreed that in het-net scenarios comprising of co-channel macro. eNodeB and HeNB deployments, the dominant interference conditions occur when non-CSG/CSG users are in close proximity of HeNBs. The following conclusions were made:

· Rel-8/9 ICIC techniques are not fully effective in mitigating control channel interference.
· Enhanced interference management is needed.

· Techniques in TR 36.921 can be considered where appropriate.

In our understanding, techniques mentioned in TR 36.921 should be considered in tandem with enhanced ICIC for identifying the scope and extent of standardization of het-net interference coordination schemes in Rel-10 LTE. 
The following general observations were made in the Chairman’s notes:

· Increasing small cell selection/handover bias increases the average spectral efficiency but leads to increased CCH outage probability

· An implication is that CCH interference management techniques are potentially useful

· Some limited possibilities for CCH orthogonalization already exist in Rel-8/9

· Study further which additional standards-impacting CCH interference management techniques / coordination techniques are needed for Rel-10

· Also study impacts on legacy Rel-8/9 UEs.
This contribution focuses on the following three aspects: 

· First, we demonstrate the benefits of relaxing HeNB “access” – that is, granting HeNB access selectively for non-CSG UEs – for minimizing cross-tier interference. Through computer simulations, we show that relaxing HeNB access provides significant reduction in control channel coverage-hole probability at non-CSG UEs. 
· Next, we discuss our views on time-domain and frequency-domain enhanced ICIC (eICIC) schemes for het-nets. In general, we reiterate such schemes should be backwards compatible with Rel-8 LTE UEs (as specified in work item description) and have minimal specification impact.
· Finally, for co-channel outdoor hotzone cell (pico. eNodeB) scenario, we further study the performance of cell selection with large bias values in hotzone cell deployments. Existing Rel-8 RSRP cell selection is shown to provide most, if not all cell-splitting gains in hotzone cell scenarios. 
Notation. For the rest of the contribution, we use the following abbreviations for simplicity: Any UE served by the macro cell eNodeB is referred to as a “MUE”. The term “victim” MUE refers to any MUE which potentially experiences excessive interference from an actively transmitting CSG HeNB. The term “HUE” refers to a licensed subscribed UE belonging to the HeNB owner which is RRC connected to its CSG HeNB, while the term “PUE” refers to a UE connected to a hotzone (pico cell) eNodeB. Finally, the control channel coverage hole probability is evaluated considering the probability that the long-term SINR geometry of MUEs falls below the required SINR threshold for successful PDCCH reception for CCE-8 aggregation level.
2. Relaxing HeNB Access 
Fundamentally, the uncoordinated nature of HeNB deployments (because HeNBs are installed by end-consumers in their self-interest) as well as their CSG operation creates an adversarial rather than cooperative relationship between the macro. eNodeB and HeNBs. Whenever a nomadic non-CSG MUE passes within radio range of an actively transmitting CSG HeNB, it may experience undesirable control and data channel interference, because that HeNB does not belong to the CSG white list of the MUE. 
If the HeNB access point (AP) can temporarily provide access to MUEs – for example, by allowing the non-CSG UE to add the HeNB to their CSG white list – then cross-tier interference is reduced in both uplink and downlink directions. From the home UE perspective, there is reduced uplink interference because MUEs transmit with smaller power if they are handed off to a stronger HeNB. From the MUE perspective, there is reduced downlink interference because the HeNB no longer is the dominant aggressor to its PDCCH/PDSCH reception, implying a win-win scenario for both sets of users. The goal of this study is to raise awareness and show that simple handoff mechanism can significantly reduce interference issues in het-net scenarios and complement eICIC studies.
In Rel-8 LTE, support exists for manual selection of CSG cells which are not in the CSG white list of the MUE (see [3] [4] for details). In real-world scenario, a non-CSG visitor/friend is thereby granted access to the stronger CSG HeNB much like a pico-cell. A prior contribution by Nokia Siemens Networks, Nokia [5] has also suggested relaxing HeNB access for reducing DL interference from HeNB transmissions. 
This contribution examines in detail the following question: 

Given hand-off access for non-CSG within radio range of a potential HeNB aggressor, what are the resulting benefits in terms of cell-edge MUE throughput and reduction in control channel coverage probability?
We consider the following three HeNB access schemes:

· CSG Access: Each CSG HeNB provides access only to its CSG Home UE.

· Friend/Visitor Access: CSG HeNB provides access to its licensed HUE as well as access to a friend/visitor within the same apartment as the home UE.

· Limited Access: HeNB serves up to K > 1 non-CSG UEs, which need not be located in the same apartment as the CSG HeNB AP. This hand-off scheme assumes that that the HeNB works in CSG configuration by default, but it can serve up to K non-CSG users for minimizing interference. This contribution assumes that K = 3 users.
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Figure 1: Dual-stripe HeNB model
Figure 1 shows the dual strip het-net deployment model. We analyze downlink interference in such a scenario, based on typical simulation parameters given in Section 6.  
For minimizing MUE impact (for example, downlink control channel coverage hole) from HeNB interference, we assume a simple DL HeNB power reduction scheme: HeNBs reduce their maximum transmit power whenever a non-CSG MUE is their vicinity.  Such a scheme may be implemented without explicit coordination between neighboring HeNBs (see TR 36.921). In this contribution, for simplicity, it is assumed that the maximum HeNB TX power in presence of a MUE is restricted to 0 dBm. More network-aware power scaling schemes [7] (e.g. making the maximum HeNB TX power as a function of the path-loss as seen from the macro. eNodeB to the HeNB), although relevant, are not within the purview of this study.
Assuming a HeNB deployment ratio equaling 0.6, Table 1 shows the number of MUEs that are handed-off to a HeNB within their radio range for each type of access scheme. The 5 percentile UE throughputs are provided for MUEs and licensed HUEs. The corresponding control channel coverage-hole (CCCH) probabilities with different choice of HeNB access are also shown. The CCCH probability is computed as the probability that the long term SINR for the MUE falls below the target CCH SINR threshold [5]-[7] corresponding to a BLER target of 1 % at a CCE-8 aggregation level (which equals -3.8 dB).
Table 1: System configuration:  57 cells, 80 UEs/cell, 10 MHz LTE, 1 x 2 TU channel, HeNB deployment ratio = 0.6, Percentage of indoor MUEs = 35 %
	Network Type
	Offloaded MUEs
	CSG HUE
 (5 percentile throughput)
	MUE 
(5 percentile throughput)
	Outage on CCH

Pr[SINR <= -3.8 dB]
	Macro cell area throughput (Mbps)

	Homogeneous (no HeNB)
	N/A
	N/A
	28.2 Kbps
	5e-3
	11.79 Mbps

	Het-net, CSG Access
	0
	791.88 Kbps
	7.38 Kbps 
	0.31
	254.2 Mbps

	Het-net, CSG + Friend access
	645
	687.05 Kbps
	11.69 Kbps (58.4 %)
	0.14
	258.43 Mbps

	Het-net, CSG + Limited access
	966
	687.67 Kbps
	63.55 Kbps (761.11 %)
	0.01
	251.44 Mbps


The key observations based on Table 1 are as follows:

· CCCH probability.  Shown in column 5, the CCCH probability without relaxing HeNB access equals 0.31. This suggests that virtually all indoor MUEs (35 %) experience deteriorated CCH coverage.  In contrast, the CCCH probability with “Friend” access and “Limited” access equal 0.14 and 0.01 respectively. 
Observation: CCCH probability is significantly reduced when HeNB relax their access for non-CSG users. 
· Improvement in cell-edge throughput. By relaxing HeNB access to non-CSG UEs, there is a greater than 750 % increase in cell-edge throughput at MUEs. This suggests that offloading non-CSG UEs experiencing the highest levels of interference substantially improves the edge throughputs at the remaining MUEs. Although that there is a marginal decrease in the 5 percentile CSG Home UE PDSCH throughput when HeNBs relax their access, we anticipate that home UEs could be given higher priority (quality of service) relative to handed off MUEs for minimizing their PDSCH throughput degradation.
2.1. Long-term SINR Geometry

Figure 2 shows the long-term DL SINR geometry curves for MUEs and HeNB UEs for the three access schemes described above. We consider both dense HeNB deployments (modelled with HeNB deployment ratio = 0.6) and spare HeNB deployment (modelled with HeNB deployment ratio = 0.2). The long term SINR geometry curves further evidence of the improved control channel coverage obtained via relaxing HeNB access. Based on the above studies, we make the following proposal:
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Figure 2: Long term SINR geometry curves for different HeNB access schemes considering a). Densely deployed HeNBs (deployment ratio = 0.6) and b). sparsely deployed HeNBs (deployment ratio = 0.2).
Proposal: Considering the potential gains obtainable by relaxing HeNB access for non-CSG users, we propose that RAN1 further evaluate such schemes to complement eICIC studies in the het-net WI.
3. Enhanced ICIC for Co-channel Macro - HeNB Deployments

In the following sub-sections, we present our views on the topic of enhanced control channel ICIC in co-channel macro-HeNB scenarios. Note that the agreements reached in the RAN47 plenary [15] explicitly specify that eICIC solutions should be a). Backwards compatible with Rel-8/9 LTE UEs and b). Minimize physical layer air interface impact. As noted in [7], such schemes should also ensure acceptable performance for all control and synchronization channels including PBCH/SCH/PHICH and PCFICH channels.
3.1. RB Level eICIC for Data 

Interference from HeNB’s PDSCH transmissions at the PDSCH for MUEs can be eliminated through RB-level data ICIC [14]. For example, the macro. eNodeB may communicate a set of “reserved” RBs to HeNBs – either over X2 or Ethernet backhaul – over which HeNBs mute their transmissions, so as not to cause interference to scheduled MUEs within range.

3.2. Time-domain eICIC for Control
In this approach, HeNBs are configured to transmit a certain subset of subframes as either MBSFN or Almost Blank subframes (AB subframes) [16]. By scheduling a victim MUE only on MBSFN/AB subframes of HeNB transmission, control channel interference at MUEs is minimized. In our understanding, AB subframes transmit only CRS i.e. PDCCH/PDSCH is not transmitted. Time-domain based ICIC, as shown in Figure 3, requires time synchronized (at OFDM symbol level) macro eNodeB and HeNB operation. 

Additional time-shifting of HeNB subframes by a few OFDM symbols (relative to symbol 0 of macro. eNodeB subframe) is necessary for eliminating CRS interference [resp. PDCCH interference] at victim MUE from AB subframe transmissions [resp. MBSFN transmissions] from HeNBs.  For example, with MBSFN transmission at HeNB, assuming a macro. eNodeB configured for 2 port CRS, HeNB choose a time-shift of 5 OFDM symbols.

Coordination aspect 1. Macro. eNodeB informs HeNBs the subframe offsets 
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 w.r.t subframe 0 of each radio frame on which it intends to schedule the victim MUE. HeNBs shall transmit AB/MBSFN subframes which overlap with subframe K of macro. eNodeB.

Coordination aspect 2. Time-shifting based control channel ICIC requires synchronized HeNB and macro. eNodeB operation. This may be accomplished at the HeNB by “listening” to the macro. eNodeB transmissions – either over the air or over X2/Ethernet backhaul – and synchronizing to the starting symbol of each subframe. 
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Figure 3: Time-domain ICIC through Almost Blank/MBSFN subframes and time-shifting across layers
The following considerations apply:

· Since AB subframes cannot carry PDCCH, by implication they cannot carry PHICH. For synchronized uplink HARQ operation in FDD, time-domain ICIC requires that uplink transmission on subframe (n-4) does not occur whenever an AB subframe transmission occurs on subframe n.  
· “Cross-subframe” scheduling [17] has been proposed for LTE UEs to receive their PDSCH on AB subframes. This potentially requires introducing newer DCI format/augmenting existing DCI formats with “subframe indicator” bits within a tight Rel-10 LTE timeline. Increased blocking on control channel is possible.

· TDM based resource partitioning techniques [16] may penalize MUEs which are not experiencing dominant interference from HeNB cells. In uplink heavy TDD configurations (e.g. TDD Configurations 0 and 6), implementing TDM resource partitioning may be challenging.
Proposal: RAN1 should further study the viability of coordinated MBSFN/AB subframe transmission at HeNBs for minimizing control channel interference at MUEs. In scenarios where time-shifting across layers is inapplicable (e.g. TDD), HeNB power scaling should be further studied be applied for minimizing their interference footprint.
3.3. Frequency-Domain eICIC for Control
Frequency domain ICIC schemes attempt to eliminate control channel interference by restricting the control channel transmissions at macro. eNodeB and HeNBs to different portions of the available spectrum. For example, [18] proposes partitioning the available bandwidth W into Rel-8 LTE compatible bandwidths (say, for example, W1 and W2). The idea is that the macro. eNodeB [resp. HeNBs] shall transmit their PDCCH in W1 [resp. W2]. 
We identify the following considerations for further evaluation:

· As mentioned in [18], the PDCCH on the smaller bandwidth, say W1 should support the DCI formats for the larger bandwidth. This will likely increase the PDCCH blocking probability.
· With the above frequency partitioning, it has been proposed Rel-10 UEs eive their data over the entire bandwidth, while receiving their control information over a portion of the overall bandwidth. As such, we believe that a “cross-scheduling” approach essentially falls within the purview of the carrier aggregation work item being discussed in RAN1. 

3.4. Radio Link Monitoring Aspects

For combating possible radio link failure (RLF) due to interference level fluctuations, [18] and [19] have suggested radio link failure monitoring approaches, which rely on the UE to perform RLF monitoring either on a pre-specified set of subframes signalled by the network, or on certain specific subframes (e.g. subframes 0 and 5 which carry synchronization signals). Additional studies [20] suggest muting PDSCH REs for HeNB transmissions in order to avoid interfering with CRS REs corresponding to macro. eNodeB transmissions. 
In general, proposals addressing Radio link monitoring should take into account potential deterioration in Rel-8 LTE UE performance, for example, due to PDSCH RE muting. Such phenomenon has already been identified in on-going RAN1 evaluation [21] on inter-cell CSI estimation using PDSCH RE muting on CSI-RS.
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Figure 4: With large deployment ratio, neighboring HeNB interference increases the CCCH probability and the CRS-to-CRS interference.
3.4.1. Interference from HeNBs
Further evaluation studies on RLF procedures, we suggest that RAN1 consider potential deterioration in SINRs at HUEs from neighboring HeNB transmissions. This can be potentially significant, especially in scenarios with large HeNB deployment ratios (considering the likely “unplanned” nature of HeNB deployments). For example, as shown in Figure 4, nearly 25 % of HUEs may experience SINRs below their SINR threshold for successful CCH reception (-3.8 dB). 

To avoid deteriorated RLF measurements due to dominant interference from neighboring HeNBs, we suggest that the network (both macro. eNodeB and HeNBs) configure all UEs to perform measurements and RLF monitoring on a common set of interference-free subframes.
4. Outdoor Hotzone Cell Deployments
In a co-channel hotzone deployment, the downlink SINR is largely determined by the cell-selection scheme. For example, Range Expansion (RE) [4] offloads greater numbers of UEs from the macro. NodeB to hotzone eNodeBs, relative to conventional Rel-8 based RSRP cell selection. The trade-off is that hotzone users (PUEs) obtain significantly reduced downlink SINRs in comparison to the well-studied Rel-8 RSRP cell-selection. 

Prior studies have shown that RSRP selection provides comparable offloading and throughput enhancement relative to RE-based cell association with smaller bias values. In the following sections, we further study the performance of RE-based cell association for large bias values (20 dB), which is in the context of the ongoing RAN1 discussion. 

4.1. Performance
Table 2 shows the system performance considering three cell selection schemes namely RSRP cell selection, RSRP w/ 20 dB biasing and minimum path loss association. 

Table 2: System configuration:  2 pico. eNodeBs/cell, 60 UEs/cell, 10 MHz LTE with 1 x 2 TU, 30 dBm pico. eNodeB TX power, Configuration 4b (20 cluster UEs/pico. eNodeB)
	Network Type
	# PUEs  
(Max. = 4560 UEs)
	Avg. Macro. eNodeB throughput
	Avg. Pico. eNodeB throughput
	PUE (5 percentile throughput)
	Outage on CCH
Pr [PUE SINR <= -3.8 dB]
	Macro. Cell area throughput

	Homogeneous (no pico)
	N/A 
	11.85 Mbps
	N/A
	N/A
	N/A
	11.85 Mbps

	Het-net, RSRP
	2055

 (60.1 %)
	10.67 Mbps
	15.97 Mbps
	245.75 Kbps
	1.7E-3
	45.26 Mbps (282 % gain)

	Het-net, RSRP + 20 dB biasing
	2925

 (85.5 %)
	13.97 Mbps
	13.27 Mbps
	25.45 Kbps 

(-89.6%)
	0.24
	40.16 Mbps

(239 % gain)

	Minimum path loss
	2812

 (82.2 %)
	13.79 Mbps
	13.64 Mbps
	27.69 Kbps 

(-88.7 %)
	0.21
	41 Mbps

(246 % gain)


The following observations are in order:
Traffic offloading: The maximum attachment ratios for RSRP [resp. RE] cell selection respectively equal 60 % [resp. 85 %], considering 2 hotzone cells/sector and non-uniform UE dropping (Configuration 4b) as reference.
Area spectral efficiency: Hotzone cell deployments are seen to provide significantly larger area spectral efficiencies (nearly 4X) relative to homogeneous (macro. only) deployments. The cell area throughput obtained with RSRP cell selection is comparable (in fact slightly higher) than with RE based cell selection schemes. This implies that from an area spectral efficiency perspective, RE-selection does not offer any gain.

SINR deterioration at PUEs: RE-based cell selection creates greater than 10 dB SINR loss (Appendix 8, Figure 4) for cell-edge PUEs (5 percentile SINR CDF). This SINR loss arises because of increased downlink interference from the macro. eNodeB to PUEs connected to a weaker hotzone cell. Although MUEs obtain higher average throughputs with RE techniques, it comes at the expense of deteriorated cell-edge PUE throughput.
CCH deterioration: Large bias cell selection creates a nearly 25 % CCCH probability for PUEs, as seen in Column 6 in Table 2. In contrast, the well studied RSRP cell selection has a negligible CCCH probability which suggests that RSRP cell selection provides substantial benefits in terms of both CCH reliability and traffic offloading.
To corroborate our findings with those obtained from other companies, [13] shows that outdoor hotzone cell deployments using RSRP cell-selection provide acceptable CCH performance. Further, RSRP selection provides substantial throughput and offloading gains [9]-[12] relative to homogeneous networks. 
4.2. Is Standardization Needed for Hotzone Scenario in Rel-10 LTE?

Based on the preceding discussion, although RE cell-selection schemes reduces the number of users served by macro. eNodeBs thereby ensuring load-balancing across eNodeBs, it results in increased PUE-CCCH probability, deteriorated PUE cell-edge performance and slight deterioration in cell-area throughput. Overcoming such road blocks will require additional standardization work for ensuring robust data and control channel performance. Such work can be avoided in the first place with conventional RSRP based cell selection which provides most, if not all, benefits provided by RE schemes. 
In summary, it seems difficult to justify further standardization effort on aspects concerning either choosing bias values or implementing eICIC on control channels for hotzone cell deployment, especially when there is negligible performance advantage on data channel throughput, relative to RSRP association. Further, whether at all biasing during cell selection is not well-justified considering its performance, moreover, it is unclear as to how a bias value would be chosen in practical deployments with arbitrary configuration of hotzone cells and macro. eNodeBs.
Proposal: Existing RSRP cell association techniques provide substantial cell-splitting gains over homogeneous (macro. eNodeB only) deployments. Additional standardization work (eICIC and/or biasing for cell selection) is not required. 
5. Conclusions
Proposal 1 [Relaxing HeNB access[: Considering the potential gains obtainable by relaxing CSG HeNB access for non-CSG users, we propose that RAN1 further evaluate such schemes to complement eICIC studies in the het-net WI.
Proposal 2 [Control channel ICIC]: RAN1 should further study the viability of coordinated MBSFN/AB subframe transmission at HeNBs for minimizing control channel interference at MUEs. In scenarios where time-shifting across layers is inapplicable (e.g. TDD), we recommend that HeNB power scaling be applied for further minimizing interference footprint at victim MUEs.
Proposal 3 [Cell association for hotzone cells]: Existing RSRP cell association techniques provide substantial cell-splitting gains over homogeneous (macro. eNodeB only) deployment; additional standardization work (eICIC and/or biasing for cell selection) is not required.
6. References
1. Report of 3GPP TSG RAN WG1 #61 (Montreal, Canada, 10th-14th May, 2010).
2. R1-103427, “WF on identification of co-channel problem and needs in macro-femto.”

3. 3GPP TR 23.830 V9.0.0, “Technical specification group services and system aspects: Architecture aspects of Home NodeB and Home eNodeB (release 9).

4. 3GPP TS 36.300 V 9.3.0, “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2.
5. R1-102974, “Hetnet interference management needs and candidate solutions”, Nokia Siemens Networks, Nokia.

6. R1-102975, “Downlink CCH performance aspects for macro and HeNB deployment in dense urban scenario”, Nokia Siemens Networks, Nokia.

7. R1-101925, “Considerations on issues in relation to ICIC schemes for heterogeneous networks”, Nokia Siemens Networks, Nokia.
8. R1-100701, “Importance of serving cell association in HetNets”, Qualcomm Inc.
9. R1-102150, “On range extension in open-access heterogeneous networks”, Motorola.

10. R1-101752, “Considerations on non-CA based heterogeneous deployments”, Ericsson, ST-Ericsson.

11. R1-102111, “Outdoor hotzone cell performance: A cell selection analysis”, Texas Instruments.

12. R1-100810, “Cell association analysis in outdoor hotzone of heterogeneous networks”, Huawei.
13. R1-102129, “Enhanced ICIC techniques”, Motorola.

14. R1-102831, “Rel-8/9 compatible PDCCH interference mitigation schemes for het-nets”, Texas Instruments.

15. RP-100383, “New Work Item Proposal: Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE”, CMCC.

16. R1-101505, “Extending Rel-8/9 ICIC onto Rel-10”, Qualcomm Inc.

17. R1-102618, “Considerations on non-CA based heterogeneous deployments”, Ericsson.

18. R1-103126, “Enhanced ICIC for control channels to support het-net”, Huawei.

19. R1-102776, “Measurements and feedback extensions for improved operation in hetnets”, Qualcomm inc.

20. R1-102704, “Coordination for DL control channel in co-channel CSG deployment”, LG Electronics.

21. R1-103697, “PDSCH muting for inter-cell CSI estimation: Rel-8 UE performance”, Texas Instruments.
7. Appendix: Simulation Parameters for HeNB Scenario
Table 4: Simulation parameters for HeNB scenario.

	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz (50 RBs)

	Number of macro-cells
	57 cells with wrap-around

	HeNB deployment model
	Dual-strip, 1 single-floor apartment block per sector with two stripes each consisting of 20 apartments. Each apartment has a single active HeNB serving a single subscribed UE.

	Maximum HeNB transmit power
	20 dBm

	Maximum Macrocell eNodeB transmit power
	46 dBm

	HeNB Deployment Ratio
	0.2 and 0.6 (Fraction of apartments with installed HeNB)

	HeNB activation ratio
	1.0 (Activity factor of installed HeNB)

	Number of users
	80 users/cell (including both MUEs and CSG HeNB UEs)

	HeNB access 
	1. Closed Subscriber Group (CSG)

2. Friend/Visitor Access 

3. Limited Access.

	Fraction of MUEs within dual-stripe area
	35 %

	Penetration loss
	Interior wall penetration loss Liw = 5 dB.
Exterior wall penetration loss between apartment stripes Low = 20 dB.



	Path loss
	Urban deployment model (see Table 2.1.1.2-8, Page 69, [2])

	Lognormal shadowing standard deviation
	4 dB for link between HeNB and HeNB UE.

8 dB for other links.

	Channel model
	Fast fading disabled.

	Min. distance between UE and HeNB
	>= 3 meters

	Min. distance between HeNB block and macro. eNodeB
	>= 75 meters

	Min. distance among HeNB blocks
	40 meters

	Antenna pattern (HeNB)
	Omni-directional, 
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	Simulation output
	Long-term downlink SINRs of MUEs and CSG HeNB UEs in co-channel deployed heterogeneous network.


8. Appendix: Simulation Parameters for Hotzone Cell Scenario
Table 5: Simulation parameters for outdoor hotzone cell deployment scenario.
	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz (50 RBs)

	Number of macro-cells
	57 cells with wrap-around

	Number of Hotzone cells
	1,2 and 4 hotzone cells per sector

	Number of users
	60 users/cell

	UE dropping methodology
	Configuration 1 (uniform random dropping).

Configuration 4a (clustered dropping, 4 UEs dropped around each hotzone cell).

Configuration 4b (clustered dropping, up to 40 UEs dropped around each hotzone cell).

See Table A.2.1.1.2-4 [2]



	Cell selection bias (if applied) 
	20 dB

	Maximum hotzone eNodeB transmit power
	30 dBm

	Maximum macro. eNodeB transmit power
	46 dBm

	Path loss model
	Model 2 (refer Table A.2.1.1.2-3, [2])

	Channel model
	Fast fading disabled

	Min. distance between UE and hotzone eNodeB
	>=10 meters

	Min. distance between hotzone eNodeB and macro. eNodeB
	>=75 meters

	Min. distance between hotzone eNodeBs
	40 meters

	Simulation output
	Hotzone attachment ratio and long-term downlink SINR CDFs in a co-channel deployed heterogeneous network with outdoor hotzone cells.


8.1. Attachment Ratios and SINR Distribution for Hotzone Cell Deployment

Figure 3 shows the fraction of offloaded users to hotzone cells assuming a 57 cell network (with wrap-around) with 60 active UEs/sector. Three different cell-selection schemes are considered namely a) Rel-8 RSRP based cell-selection, b) RE-based cell-selection wherein each UE adds a bias term to its RSRP from hotzone cells and c) RE-based cell-selection wherein each UE selects its serving cell to which it experiences the largest average channel gain. Associated simulation parameters and their typical values are given in Appendix 7 (based on Tables A.2.1.1.2-3 and A.2.1.1.2-4 given in [2]). 
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Figure 5: Cell attachment ratios for Configurations 1, 4a and 4b as defined in 36.814, Table A.2.1.1.2-4.
Figure 4 shows the average downlink SINR CDFs, considering both uniform UE dropping (Configuration 1) and non-uniform UE dropping (Configurations 4a and 4b). 
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Figure 6: Long term downlink SINRs CDFs in a hotzone cell deployment scenario. 
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