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1. Introduction

In macro + outdoor hotzone scenario with RP (Received Power) based cell association, Rel-8/9 control channels could work well based on [1][2], although there is still no consensus on their effectiveness or the need for range expansion with large bias as alternative cell association [3]. To further progress this study, RAN1 rapidly needs to reach an agreement on whether large bias setting for range expansion is an effective strategy for HetNet deployments.

In this contribution, we show potential significant DL performance gain due to range expansion with large bias and present why it is needed. In addition, we focus on PDCCH interference issue caused by large-biased range expansion and SINR-based analysis clarifies that semi-static ICIC for PDCCH is needed because requirements of interference mitigation for PDCCH are dependent on traffic conditions, HetNet deployments, and corresponding range expansion bias.
2. Range Expansion and Frequency Resource Partitioning for Data Channel
This contribution uses range expansion referred to in [4] as an alternative cell association (note that pathloss based method is also part of range expansion) and frequency resource partitioning with muting as interference management for data channel. Fig. 1 shows an interference scenario with these techniques. 

Range expansion is enabled by biasing RSRP received from a hotzone node for the purpose of larger offload effects from macro to hotzone cells and UL performance improvement due to smaller pathloss.

Frequency resource partitioning with muting is applied only to macro PDSCH in order to prevent significant interference from macro eNodeBs (MeNBs) to hotzone UEs that are additionally served by hotzone cells due to range expansion. However, since it reduces resources available in macro cells, the fraction of frequency resource partitioning needs to be properly configured so that offload effects from macro cells to hotzone cells exceed the impact of the available resource reduction at macro cells.
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Fig. 1   Interference scenario with range expansion and frequency resource partitioning with muting,
Rx power (solid, dotted->macro), 1/pathloss (dashed)

3. Simulation
The simulation is based on the assumptions and parameters in Annex A and channel model 1 defined in Table A.2.1.1.2-3 of TR36.814 [5 REF _Ref257885439 \h 
 \* MERGEFORMAT ] is evaluated. We assume ideal control channels reception to focus on potential DL performance gains. The total number of users within each macro geographical area is 30.
For DL in configurations #4a/#4b with 2/4 hotzone nodes per macro geographical area, the 5% worst and median user throughputs, the macro cell area throughput, the normalized sum gain (= (5% worst user throughput gain + median user throughput gain + macro cell area throughput gain compared to macro only performance) / 3), the fraction of hotzone serving UEs, and the CDFs of the number of UEs served by each hotzone cell are shown in Figs. 2 - 9, respectively. Other results are also shown in Annex B.
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(a) 5% worst user throughput


(b) Median user throughput
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(c) Macro cell area throughput                  

(d) Normalized sum gain†


†Normalized sum gain is (5% worst user throughput gain + median user throughput gain 
+ macro cell area throughput gain compared to macro only performance) / 3.
Fig. 2   Performance results in configuration #4a with 2 hotzone nodes per macro geographical area
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 (a) Fraction of serving UE
               (b) CDF of #UE served by each hotzone cell

Fig. 3   Serving UE in configuration #4a with 2 hotzone nodes per macro geographical area
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(a) 5% worst user throughput


(b) Median user throughput
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(c) Macro cell area throughput                  

(d) Normalized sum gain†


†Normalized sum gain is (5% worst user throughput gain + median user throughput gain 
+ macro cell area throughput gain compared to macro only performance) / 3.
Fig. 4   Performance results in configuration #4b with 2 hotzone nodes per macro geographical area
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(a) Fraction of serving UE
               (b) CDF of #UE served by each hotzone cell

Fig. 5   Serving UE in configuration #4b with 2 hotzone nodes per macro geographical area
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(a) 5% worst user throughput


(b) Median user throughput
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(c) Macro cell area throughput                  

(d) Normalized sum gain†


†Normalized sum gain is (5% worst user throughput gain + median user throughput gain 
+ macro cell area throughput gain compared to macro only performance) / 3.
Fig. 6   Performance results in configuration #4a with 4 hotzone nodes per macro geographical area
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(a) Fraction of serving UE

(b) CDF of #UE served by each hotzone cell

Fig. 7   Serving UE in configuration #4a with 4 hotzone nodes per macro geographical area
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(a) 5% worst user throughput


(b) Median user throughput
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(c) Macro cell area throughput                  

(d) Normalized sum gain†


†Normalized sum gain is (5% worst user throughput gain + median user throughput gain 
+ macro cell area throughput gain compared to macro only performance) / 3.
Fig. 8   Performance results in configuration #4b with 4 hotzone nodes per macro geographical area
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(a) Fraction of serving UE
             (b) CDF of #UE served by each hotzone cell

Fig. 9   Serving UE in configuration #4b with 4 hotzone nodes per macro geographical area

These results show the following:

· RP based cell association provides large DL performance gain only in macro cell area throughput which is achieved by only a small number of hotzone UEs, while range expansion can provide significant DL performance gain in all types of throughputs.

· In the case of RP based cell association, 5% worst and median user throughputs of macro UEs are lower than those of hotzone UEs (please see Annex B) because the number of hotzone UEs is smaller than that of macro UEs as shown in Figs. 3, 5, 7, and 9 and they can use more resources. Range expansion enables improvement in the macro user throughputs by increasing the offload effect from macro cells to hotzone cells. It leads to the improvement of the 5% worst and median user throughputs.

· To achieve significant gain in not only macro cell are throughput but also 5% worst and median user throughputs, we need range expansion with large bias (at least, 8dB from Figs. 3(a)(b) and 5(a)(b) in configuration #4a) which can further improve load balancing between macro and hotzone cells.

· At the additional cost of higher transmission power and/or additional hotzone nodes, similar effect could be achieved under RP based cell association or range expansion with small bias. Macro de-boosting may also provide similar gains [6] but it changes macro coverage area and may create dead-zones. Therefore, the above solutions are not always preferable from the deployment point of view.

· Very large-biased range expansion generates hotzone UEs that are significantly interfered by MeNB and can receive only low power signals from hotzone nodes. As a result, hotzone UEs receive degraded signal from hotzone nodes. Therefore interference mitigation from MeNB to hotzone UEs is required to provide high throughputs for hotzone UEs (at least, similar level to macro user throughputs) as the bias of range expansion is increased.
· As mentioned in Section 2, the offload effect due to range expansion needs to exceed the impact of the available resource reduction at macro cells. Such effect can be achieved in the environments of relatively higher traffic in hotspots (i.e. configuration #4b rather than #4a) and/or more hotzone nodes within macro geographical area.

· Without large-biased range expansion, some hotzone nodes located near MeNB serve a few or no UEs as shown in especially Fig. 3/7(b) and [7][8]. This means we could waste those hotzone nodes and not effectively increase the user throughputs.

· In addition, as we showed in [9], larger-biased range expansion should be effective for uplink due to smaller pathloss.
From the above observation, we think large bias setting (at least, 8dB) for range expansion is an effective strategy for HetNet deployments.

Control channel interference issue

The cumulative distribution function (CDF) of geometry based on RSRP (i.e. calculated under full loaded assumption) is shown in Fig. 10 (where range expansion and frequency resource partitioning are configured within the simulation parameters to maximize the normalized sum gain). 
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Fig. 10   CDF of Geometry based on RSRP

The requirement of interference mitigation to meet BLER<1% for PDCCH (DCI format 1A, aggregation level 8) in 95% UEs and those for other control channels are as follows (we refer SINR thresholds for 1% BLER on different control channels in [10]):

· Moderate PDCCH interference mitigation such as about 6.0dB for configuration #4a with 2 hotzone nodes where range expansion with 8dB bias and 50:0 frequency resource partitioning (i.e. no partitioning) maximize the normalized sum gain. 

· PDCCH power boosting for hotzone cell edge UEs can relax the requirement of interference mitigation, while it consumes many resources and causes degradation of scheduling gain. It would be better to avoid this if possible.

· Extreme PDCCH interference mitigation such as about 11.6dB for the other scenarios where range expansion with 16dB bias and 26:24 frequency resource partitioning maximize the normalized sum gain.

· In this case, other control channels such as PBCH and PSS/SSS also need interference management.

4. Solution for PDCCH interference issue

Rel-8/9 solution

As we show in Fig. 11 and discussed in,[11] one of Rel-8/9 solutions for PDCCH interference issue is limiting the usage ratio in PDCCH region (note that an almost blank PDCCH subframe is a special case of sparse PDCCH region. Details of it are discussed in [12]). 
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        (a) Limit of usage ratio in PDCCH region

(c) Almost blank PDCCH subframe


Fig. 11   Example of increasing sparseness of PDCCH region [11]
We applied to macro cells in configurations #4a/#4b with 2 hotzone nodes and evaluated limits of usage ratio: 1.0/0.5/0.3/0.2/0.1 in PDCCH region where we assume PCFICH and one PHICH group are transmitted without power boosting and the numbers of available CCEs for PDCCH are 43/18/8/4/0 (i.e. limit 0.1 means the almost blank PDCCH subframe). The CDF of the long term average W-SINR of PDCCH (its calculation model and assumptions are presented in Annex C) and throughput performance are shown in Fig. 12 and 13. 
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(a) Configuration #4a with 8dB bias

          (b) Configuration #4b with 16dB bias

Fig. 12   Average W-SINR of hotzone PDCCH CDF (2 hotzone nodes per macro geographical area) †
[image: image31.emf]0

200

400

600

800

1000

1200

Limit 1.0

Limit 0.5

Limit 0.3

Limit 0.2

Limit 1.0

383  1062 

Limit 0.5

381  1032 

Limit 0.3

358  977 

Limit 0.2

343  943 

5% worst [kbps] median [kbps]

0.0

10.0

20.0

30.0

40.0

50.0

Limit 1.0

43.6 

Limit 0.5

42.9 

Limit 0.3

41.4 

Limit 0.2

40.3 

Macro cell area [Mbps]


Fig. 13   Throughput performance in configuration #4a with 8dB bias range expansion 
(2 hotzone nodes per macro geographical area) †
†These simulation drops are different from those in Fig.2.
These results show the following:

· In the case of range expansion with 8dB bias for configuration #4a, limiting the PDCCH region usage ratio to low level can resolve the PDCCH interference issue.

· It would be better to apply PDCCH power boosting for some hotzone cell edge UEs that can relax the limit of PDCCH region usage ratio in macro cell because the limit causes performance loss in macro user throughputs due to the less co-scheduled users.

· In the case of range expansion with 16dB bias for configuration #4b, almost blank PDCCH subframe and hotzone PDCCH power boosting are needed to resolve the PDCCH interference issue.
· Since making the PDCCH region of all subframes almost blank is infeasible, combination with time domain ICIC for PDSCH is required as shown in [12][13].
Limiting the PDCCH usage ratio to low level in all subframes would not also be preferable because macro PDSCH region decreases due to reserving more OFDM symbols for PDCCH transmission than requires or scheduling gain decreases due to less co-scheduled users. And from the perspective that only partial hotzone cell edge UEs need interference mitigation from MeNB, subframe–specific limit of usage ratio in PDCCH region would be required to keep macro user throughputs.

Rel-10 solution
From the above evaluation, we think as follows with respect to Rel-10 solution:

· No basic specification change in PHY layer would be needed, while it is desired to extend Rel-8/9 static ICIC for PDCCH to semi-static one by adding information elements to X2 signaling in Rel-10.

· This is because the requirements of PDCCH interference mitigation are dependent on the traffic conditions, the HetNet deployments, and the corresponding range expansion bias which are expected to change from time to time and location to location as following examples:

· Both configurations #4a and #4b could occur under the same HetNet deployment but at a different time;
· More UEs may be located closer to the hotzone nodes.

· Therefore, static ICIC for PDCCH would cause performance loss in unplanned traffic conditions.
We think the following factors would be desired to coordinate semi-statically between eNBs:

· Limit of usage ratio in PDCCH region;

· Subframes in which the limit is applied;

· Whether PDSCH transmission is also limited in those subfarmes (i.e. time domain ICIC for PDSCH).

· This is for extremely low limit of usage ratio in PDCCH region for the case of very large-biased range expansion.
Significant merit of this kind of solution is effectiveness fully for Rel-8/9 UEs. Even if there is no Rel-10 UE, interference issue for PDCCH can be effectively resolved.

Remaining issues

With respect to very large-biased range expansion, we need further study on protection for other control channels such as PBCH and PSS/SSS.

One promising solution is to use time shift at the subframe level since these channels rely on time diversity [12][14].

· However, it can not be applied in TDD system or deployments providing MBMS service.
In addition, we would need to ask RAN4 to study whether RLF procedure and RSRP/RSRQ measurements could work well in the HetNet deployments with large-biased range expansion [13].

5. Conclusion
In this contribution, we showed significant DL performance gain due to range expansion. The simulation results indicated the following:
· To achieve large gain in not only macro cell are throughput but also 5% worst and median user throughputs and effectively utilize the hotzone nodes deployed near MeNB, we need range expansion with large bias (at least, 8dB) which can further improve load-balancing between macro and hotzone cells.

· Since limiting the usage ratio in PDCCH region can resolve Rel-8/9 PDCCH interference issue partially, no basic specification change in PHY layer would be needed, while it is desired to extend Rel-8/9 static ICIC for PDCCH to semi-static one by adding information elements to X2 signaling in Rel-10.
For further progress in this study, we propose the following:

· Agree that large bias setting for range expansion is an effective strategy for HetNet deployments;

· With respect to PDCCH interference issue, taking the effectiveness fully for Rel-8/9 UEs into account, focus on adding information elements to X2 signaling in Rel-10.
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Simulation parameters [5 REF _Ref257885439 \h 
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Except assumptions are marked with †.

Table A-1   3GPP Case 1 (Macro-cell) system simulation baseline parameters.
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 7 cell sites, 3 sectors per site†

	Inter-site distance
	500 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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3

j

 = 70 degrees, Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image34.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

V

SLA

A

,

12

min

2

3

q

q

q

q



[image: image35.wmf]dB

3

q

 = 10 degrees, SLAv = 20 dB, 
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 = 15 degrees.

BS antenna height is set to 32 m.

	Combining method in 3D antenna pattern
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	Channel model
	Typical Urban

	Number of BS TX / RX antennas
	2

	Total BS TX power (Ptotal)
	46 dBm

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Antenna bore-sight points toward flat side of cell
(for 3-sector sites with fixed antenna patterns)
	


	Minimum distance between UE and cell
	>= 35 m


Table A-2   Heterogeneous system simulation baseline parameters.

	Parameter
	Assumption

	Shadowing
correlation
	Between cells
	0.5

	
	Between sectors
	N/A

	Antenna pattern (horizontal)
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 dB (omnidirectional)

	Distance-dependent path loss from hotzone nodes to UE
	Model 1

	Channel model
	Typical Urban†

	Total BS TX power (Ptotal)
	30 dBm

	Number of BS TX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between hotzone-node and MeNB
	>= 35 m†

	Minimum distance between UE and hotzone-node
	>= 10 m


Table A-3   Other simulation parameters.

	Parameter
	Value

	Duplex method
	FDD

	Carrier frequency / System bandwidth
	2.0 GHz / 10 MHz

	Bandwidth configuration
between macro-cell and hotzone-cell
	Co-channel

	Inter-cell interference modeling
	Explicit modeling

	UE speeds of interest
	3 km/h

	Number of UE RX antennas
	2

	Traffic model
	Full buffer

	Transmission scheme
	Closed-loop spatial multiplexing

	Scheduling algorithm
	Proportional fairness 

	Receiver type
	MMSE

	HARQ scheme
	HARQ-IR, up to 3 re-transmission

	Link adaptation
	CQI/PMI/RI reports with 6ms delay, 5ms period,
CQI of all subbands are ideally reported in each feedback period†

	Control channel reception
	Ideal

	Channel estimation
	Ideal

	Number of symbols for PDCCH
	3

	Link to system mapping
	EESM

	Number of simulation drops
	4


Annex B
Other simulation results
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Fig. B-1   Performance results in configuration #4a with 2 hotzone nodes per macro geographical area
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Fig. B-2   Performance results in configuration #4b with 2 hotzone nodes per macro geographical area
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Fig. B-3   Performance results in configuration #4a with 4 hotzone nodes per macro geographical area
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Fig. B-4   Performance results in configuration #4b with 4 hotzone nodes per macro geographical area

Annex C
W-SINR calculation model of PDCCH and assumptions
We calculate W-SINR of PDDCH as follows:
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where S is desired PDCCH received power averaged over all RBs, 
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 is reference signal received power averaged over all RBs, 
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 is ratio of resource elements used for CRS, PCFICH, and PHICH in the 1st OFDM symbol, and 
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 is PDCCH usage ratio of j-th cell. We also define the PDCCH region usage ratio of j-th cell 
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PDCCH aggregation level is selected based on geometry. PDCCH power boosting is not applied. If PDSCH transmission is allocated to a UE, the same aggregation level PDCCH is also allocated to take the amount of PDCCHs used for uplink into account. Blocking due to search space is not considered.
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