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1. Introduction
It was agreed in the RAN1#66 that further performance evaluation on non-CA based Heterogeneous Networks considering the CRS interference was needed. And the agreed performance study baseline is summarized in [1].

In the last meeting, many companies showed their evaluation results and analysis based on the simulation assumptions in [1]. Some detailed modeling method of CRS interference and interference puncturing/cancelation somewhat differ from company to company. And so do the conclusions. However, we had the following agreements below:
· Bias values beyond 6 dB can provide performance gains for some macro/pico deployments in interference limited scenarios with techniques that mitigate CRS interference 
· Optimum bias value varies depending on the evaluation scenario

· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias

· Zero and reduced power ABS

· Receiver-based solutions 

· PDSCH muting as described in [2]
· Relation with PDCCH is studied.

·  Impact on overhead should be studied.

In this document, we present some discussion and evaluation results to assist the analysis on synchronization channel/PBCH reliability and data channel performance.
2. Interference scenario discussion
2.1. PSS/SSS/PBCH
When the PSS/SSS/PBCH resource position of the victim cell collides with that of aggressor cell, the SCH and system information demodulation reliability of the edge users, most of which are in the cell range expansion region may be challenged. Since the PSS/SSS/PBCH are directly related to the cell search and cell identification at access establishment stage or when system information changes, the performance plays an important role in the whole network operating feasibility.

We provide the geometry curves of the 8dB/12dB CRE cases in the appendix to roughly verify the SCH and system information detection performance. As have been evaluated by link level simulation in [3], the feasible C/I points for PBCH and PSS/SSS are -8dB and -7.5dB, respectively. If the 5% edge user wideband SINR is used to be the performance metrics, it can be observed from Figure1-4 in the appendix that,
· For the 8dB bias, the 5% tail SINR of configuration 1 and 4b can just satisfy the lowest operating requirement of PBCH and PSS/SSS

· For the 12dB bias, the 5% tail SINR of configuration 1 and 4b cannot meet the operating requirement of PBCH and PSS/SSS
Therefore, we have the following proposal based on the above evaluation results comparison and observation.
Proposal 1: The synchronization channel and PBCH need further enhancement when operating in a large handover offset value.

Some of the possible methods to handle the problem are listed below:
· Forward the relevant information to the victim cell UE via the aggressor cell

· Resend the necessary information by the RRC signaling in the victim cell

· For FDD, subframe offsets. In this case, the only possible strong interference would come from the CRS of the aggressor cell, if appropriate resource scheduling or muting scheme is adopted.
· For TDD, subframe offset + appropriate TDD configurations of the aggressor and victim layer + appropriate resource scheduling or muting scheme [4].
2.2. PDSCH performance
In this session the data channel performance with static ABS configuration and CRE is evaluated. The situation with or without the presence of CRS interference are both considered. The CRS interference from Macro cells are explicitly modeled, whose resource element position is planned in Macro cell and random in Pico cell. The Alt1 in [1] is employed in our simulation that we calculate SINR of each RE and calculate effective SINR of each scheduled sub-band.
To investigate the CRS impact on the CSI feedback aspect and data channel reception aspect in detail, we employ the following four assumed alternatives:
For the edge PUE (Pico UE) scheduled in the same subframes with Macro ABSs,

· Alternative 1: Considering the CRS interference on both the CSI measurement and data channel reception 
· Alternative 2: Considering the CRS interference on the CSI measurement only, perfect CRS interference cancelation on the data channel

·  Alternative 3: Perfect CRS interference cancelation on the CSI measurement, only considering CRS interference on data channel demodulation
· Alternative 4: Perfect CRS interference cancelation on both the CSI measurement and data channel demodulation 
And the eICIC schemes employed in our simulation are noted by scheme A&B for simplicity:
· Scheme A: 8dB CRE bias and ABS pattern with 50% ABS ratio
· Scheme B: 12dB CRE bias and ABS pattern with 50% ABS ratio
The simulation results of the above 4 alternatives are summarized in Table 1.
Table 1: DL performance with/without CRS interference modelling
	Configuration 1
	eICIC scheme
	Macro Cell area average throughput (bps/Hz)
	5% throughput (bps/Hz)
	50% throughput (bps/Hz)
	95% throughput (bps/Hz)

	Rel.8/9 HetNet
	None
	9.56(baseline)
	0.051(baseline)
	0.223
	0.799

	Alt 1.
	A
	7.54
	0.035
	0.178
	0.711

	Alt 2.
	A
	9.56
	0.045
	0.224
	0.799

	Alt 3.
	A
	6.74
	0.023
	0.165
	0.594

	Alt 4.
	A
	9.94
	0.057
	0.23
	0.799

	Configuration 4b
	eICIC scheme　
	Macro Cell area average throughput (bps/Hz)
	5% throughput (bps/Hz)
	50% throughput (bps/Hz)
	95% throughput (bps/Hz)

	Rel.8/9 HetNet
	None
	10.87(baseline)
	0.074(baseline)
	0.284
	0.799

	Alt 1.
	A
	9.48
	0.0506
	0.248
	0.786

	Alt 2.
	A
	11.69
	0.069
	0.307
	0.799

	Alt 3.
	A
	8.72
	0.032
	0.235
	0.730

	Alt 4.
	A
	12.12
	0.085
	0.334
	0.799

	Configuration 1
	eICIC scheme
	Macro Cell area average throughput (bps/Hz)
	5% throughput (bps/Hz)
	50% throughput (bps/Hz)
	95% throughput (bps/Hz)

	Rel.8/9 HetNet
	None
	9.56(baseline)
	0.051(baseline)
	0.223
	0.799

	Alt 1.
	B
	7.36
	0.025
	0.185
	0.644

	Alt 2.
	B
	9.28
	0.049
	0.234
	0.799

	Alt 3.
	B
	6.63
	0.0098
	0.172
	0.585

	Alt 4.
	B
	9.78
	0.0718
	0.243
	0.799

	Configuration 4b
	eICIC scheme　
	Macro Cell area average throughput (bps/Hz)
	5% throughput (bps/Hz)
	50% throughput (bps/Hz)
	95% throughput (bps/Hz)

	Rel.8/9 HetNet
	None
	10.87(baseline)
	0.074(baseline)
	0.284
	0.799

	Alt 1.
	B
	9.37
	0.0416
	0.252
	0.767

	Alt 2.
	B
	11.48
	0.066
	0.316
	0.799

	Alt 3.
	B
	8.62
	0.0124
	0.2333
	0.705

	Alt 4.
	B
	11.99
	0.0895
	0.339
	0.799


From the simulation results presented in the above table, we have the following observations:
· Observation 1: The performance of the 4 alternatives basically rank as Alt4>Alt2>Alt1>Alt3.

· Observation 2: The Alt3 performs worst mainly because of the severe mismatch between the CSI feedback and data channel condition. The estimated CQI of PUE in this case is much too optimistic compared with the weak data channel quality. The BLER would then be higher than that of other alternatives, which results in the worst performance.

· Observation 3: The reason of the Alt2 has the second best performance is that although the CRS interference is not perfectly mitigated in the CSI measurement procedure, the probability of CRS collision is only about 1/3. And furthermore, even the CRS collision happens in CSI measurement, it would only result in a lower MCS level feedback. Because of the much better data channel condition, the BLER would be quite low. Hence the performance loss of this alternative is mainly from the underestimated CQI of the edge PUE when the 1/3 probability of CRS layout collision happens.
And we also would like to point out that the actual operating network is supposed be aware of whether CRS collisions will occur in most cases, and could make some correction to reported CQI values. Typically the network can to some degree compensate for long term mismatch between reported CQI and observed PDSCH BLER. However, the mismatch may always happen if the channel condition cannot keep long term stable.
If CSI reporting based on CSI-RS (i.e. TM9) is employed in the Alt 3&4 to achieve a clean CSI measurement channel condition which is approximately free of interference from the Macro ABS, the CSI measurement problem could be solved without specification impact. And if the PDSCH muting is used to avoid the dominant interference from the CRS of the Macro cell ABSs, the ideal CRS interference cancelation in the Alt 2&4 could be achieved with some extra overhead when scheduling edge users.
Therefore we may have the following proposals, which are derived from the above observations and analysis:
Proposal 2: The transmission mode based on CSI-RS measurement could be employed to obtain a better channel estimation for edge user in HetNet when CRS collision happens.

Proposal 3: If the CSI-RS based measurement or other effective CRS interference cancelation technique is adopted to obtain an optimistic CQI estimation, CRS interference mitigation on PDSCH, e.g. PDSCH muting should be jointly adopted to avoid the mismatch between the reported CSI and the actual PDSCH channel condition.
3. Conclusion
In this document, we discuss the PSS/SSS/PBCH reception reliability and data channel performance in the Macro-Pico scenario based on some simulation results. And this contribution further analyzes the data channel performance impact introduced by the mismatch between the CSI feedback and user PDSCH actually experienced channel condition. We believe the following conclusion should be highlighted:
Proposal 1: The synchronization channel and PBCH need further enhancement when operating in a large handover offset value.

Proposal 2: TM9 could be employed to obtain a better channel estimation for edge user in HetNet when CRS collision happens.

Proposal 3: If TM9 or other effective CRS interference cancelation technique is adopted to get an optimistic CQI estimation, CRS interference mitigation on PDSCH, e.g. PDSCH muting should be jointly adopted to avoid the mismatch between the reported CSI and the actual PDSCH channel condition.
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5. Appendix
Table 2: Simulation assumptions and parameters
	Parameter
	Numerical Value and Description

	Inter-site distance
	500m

	Carrier Frequency
	2 GHz

	Cellular Layout
	7 cell-sites × 3 sectors per cell-site with wrap around.

	Channel model
	Macro cell: UMa

Low power node cell: UMi

	Bandwidth
	10 MHz

	Antenna configuration
	Closely-spaced:   Tx ||   Rx || 

	Outdoor RRH depolyment
	4 RRHs per cell (sector) uniformly deployed

	UE dropping
	30 UEs dropped as Configuration 1&4b[5]

	Scheduler
	Proportional Fair

	CQI feedback latency
	5 TTI

	Receiver
	MMSE

	Traffic Model
	Full buffer

	Macro eNodeB transmission power
	46dBm

	Macro eNodeB antenna gain
	17dBi

	RRH transmission power
	30dBm

	Low power RRH antenna gain
	5dBi

	Handover offset values
	{8, 12}dB

	ABS pattern
	10101010 for Rel.10 HetNet
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Figure1: Geometry distribution of CRE with 8dB bias in configuration 1
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Figure 2: Geometry distribution of CRE with 8dB bias in configuration 4b
[image: image3.png]CDF

Geometry of 12dB CRE no ABS in Configuration 1
1

08

0.6

04

0.2

—allUE
—MUE
——PUE

0

10
Geometry (dB)

20

30

40



                                                                       
Figure 3: Geometry distribution of CRE with 12dB bias in configuration 1
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Figure 4:  Geometry distribution of CRE with 12dB bias in configuration 4b
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