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1. Introduction

In 3GPP RAN1 Session #74bis, debates on whether to enhance existing cell detection and RRM measurement schemes for small cells continue without conclusion.  To support future deployment of dense small cells, the interference due to CRS becomes one of major factors to degrade the system performance.  To mitigate its impact, prolonging the periodicity of reference signals for both cell detection and measurement becomes necessary and it’s also beneficial to UE power consumption.
A new discovery and RRM measurement scheme based on small modification of existing scheme is proposed in this paper.  For synchronized small cells, PSS/SSS may not be transmitted and CRS is transmitted with long periodicity to mitigate the introduced interference to other cells.  For non-synchronized small cells, PSS/SSS together with CRS are transmitted with long periodicity.  Furthermore, RE muting technique is applied to reduce the interference due to data for the enhancements on cell detection and RRM measurement performance.  CRS interference cancellation technique in Release 11 can be further utilized to reduce the interference due to other cells’ CRS for additional performance improvement of cell detection and RRM measurement.  Detailed proposal and some evaluation results are described in the following sections.


2. New Scheme based on CRS

Existing scheme utilizes PSS/SSS for cell detection and CRS for RRM measurement.  Though both PSS/SSS and CRS suffer from interference of neighboring cells, an UE can utilize multiple samples of SS/CRS over a long time period (800ms for normal case, 1000ms for eICIC) for metric combining or averaging to achieve the required performance. This design is effective for macrocells because the interference level on the layer of macrocells is relatively low and stable.  However, the interference level is relatively severe and dynamic on the layer of small cells because its main application scenario is for data traffic offloading and the number of UEs within its coverage is none or small.  Existing scheme may not be able to reflect the dynamics of channel condition in small cells timely and accurately.  Therefore, enhancements on cell detection and RRM measurement are needed.
2.1 Proposed DRS design based on CRS only
The main function of PSS/SSS is for synchronization and cell detection but it may not be necessary if small cells are synchronized and the channel bandwidth is large enough to perform CRS-based cell detection well.  Figure 1 illustrates the proposed DRS design for small cell discovery and RRM measurements.  
In Figure 1, DRS is transmitted with long periodicity except when a small cell is in dormant state and each DRS transmission is based on port-0 CRS plus RE muting to enhance the SINR for CRS.  With enhanced SINR, RSRP/RSRQ measurement accuracy requirement can be met for an UE within one subframe.  Since DRS is based on port-0 CRS, its time-domain location can be determined by the subframes where RE muting is applied.  Within which subframes RE muting is applied can be configured through the signaling from the serving eNB or based on a predefined rule.  The additional overhead and the performance impact on legacy UEs due to RE muting for DRS transmission can be minimized by its long transmission periodicity.  To enable the measurements of RSRP and RSRQ within the same subframe, RE muting can be applied in part of OFDM symbols where there is DRS transmission within a subframe.  Though RE muting can reduce inter-cell interference on DRS due to data transmission from other small cells, the reduction of inter-cell interference on DRS due to CRS transmission from other small cells further requires Release 11 CRS interference cancellation technique.
[image: image1.emf]100ms

Time

Small Cell #1

Time

Small Cell #2

Small Cell ON

Small Cell ON

Small Cell DTX Small Cell DTX

Small Cell DTX Small Cell Dormant

1st Slot 2nd Slot 1st Slot 2nd Slot

F

r

e

q

u

e

n

c

y

DRS Scheme #1

CRS Port 0 Muted RE

DRS Scheme #2

DRS CRS

100ms

1st Slot 2nd Slot

F

r

e

q

u

e

n

c

y

CRS Port 0

CRS


Figure 1. Illustration of proposed DRS design based on CRS plus RE muting.
2.2 Proposed DRS design based on SS and CRS
When small cells are not synchronized and the channel bandwidth is not large enough to perform CRS-based cell detection well, PSS/SSS transmission may be necessary for UEs to detect small cells.  Figure 2 illustrates another DRS design for small cell discovery and RRM measurements.
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Figure 2. Illustration of proposed DRS design based on PSS/SSS and CRS plus RE muting
In Figure 2, DRS consists of both PSS/SSS and CRS and is transmitted with long periodicity except when a small cell is in dormant state.  Synchronization and cell detection can be performed by using PSS/SSS and RSRP/RSRQ measurements can be carried out by using CRS.  Similar to the previous proposal, RE muting is applied to each DRS transmission to enhance RSRP/RSRQ measurement accuracy within one subframe.   PSS/SSS and CRS can be on the different subframes within a radio frame.  However, for UE power saving, it is preferred to have minimized transmission time difference between PSS/SSS and CRS. 
Since DRS is based on PSS/SSS and port-0 CRS, its time-domain location is determined by the subframe where RE muting is applied.  Which subframes RE muting is applied can be configured through the signaling from a serving eNB or based on a predefined rule.    To enable the measurements of RSRP and RSRQ within the same subframe RE muting can be applied in part of OFDM symbols where there is DRS transmission within a subframe.  Though RE muting can reduce inter-cell interference on DRS due to data transmission from other small cells, the reduction of inter-cell interference on DRS due to CRS transmission from other small cells further requires Release 11 CRS interference cancellation technique.
2.3 Performance evaluation
In our simulation, 10 small cells with one antenna port CRS and randomly Cell-ID assignment, between 0 to 503, are evaluated. In addition, it is assumed that coarse timing and frequency synchronization had been done by PSS/SSS in the beginning and just residual offset values (listed in Appendix II) are left. Furthermore, 100% and 20% Resource Utilization (RU) assumptions of data transmission power are considered for whole small cells, including out-cluster small cells. Three methods of CRS-type cell detection are described as below:
· Cell Detection by CRS

With this scheme, it is obvious that each small cell’s CRS is interfered with 9 sources of interference, including one or multiple CRS(s) and data interference from neighboring small cells. Without any enhancement at receiver design or modifications on current CRS transmission scheme, performance of cell detection might be far too inferior, especially for small cells with much smaller received signal power.       
· Cell Detection by CRS with IC
As mentioned before, CRS suffers from 9 sources of interference. If IC is performed, UE can (partially) cancel CRS with detected Cell-ID.  However, it cannot cancel data interference, which causes severe  performance degradation.    
· Cell Detection by CRS with RE muting

RE muting is proposed to eliminate data interference on CRS symbols, and it could be applied to all data REs or randomly applied to some data REs. For example, if 40% RE muting is adopted, eNB randomly mutes 4 out of 10 data REs. 
Except these three methods, another one to enhance CRS-type cell detection is to utilize IC and RE muting jointly.    
Simulation results for cell detection are shown in Table I and II for 100% and 20% RU on small cell layer, respectively.
Table I.  Performance comparison of three CRS-type cell detection methods with 100% RU.
	Cell detection rate 
	SC0
	SC1
	SC2

	No Enhancement or Modification
	99.71%
	48.96%
	10.40%

	IC only
	99.82%
	58.51%
	17.16%

	100% RE Muting only
	100%
	93.17%
	81.81%


Table II.  Performance comparison of three CRS-type cell detection methods with 20% RU.
	Cell detection rate
	SC0
	SC1
	SC2

	No Enhancement or Modification
	99.98%
	85.16%
	66.09%

	IC only
	99.99%
	92.40%
	81.36%

	100% RE Muting only
	99.95%
	93.03%
	82.48%


Simulation results for RSRP measurements are shown in Figure 3 and 4 for 100% and 20% RU on small cell layer, respectively.   
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Figure 3. CDF of RSRP MSE of three CRS-type cell detection methods with 100% RU    

[image: image7.png]CDF

No Enhancement and Modification

p—
——sc1
——sc2

0 2 4 6 ] 10 12
RSRP MSE

14

16

18



      [image: image8.png]CDF

——sc0
—scl
—sc2

0 2 4 6 8 10
RSRP MSE

12

14




                                                           (a)                                                                           (b)

                         [image: image9.png]CDF

40% RE Muting

p—
——sc1
——sc2

0 2 4 6 ] 10
RSRP MSE

12

14

16

18



      [image: image10.png]CDF

100% RE Muting

02 L
——sc0
01 B : —scl
—sc2
i
0 2 4 6 ] 10 12 14 16 18

RSRP MSE




                                                          (c1)                                                                         (c2)

Figure 4. CDF of RSRP MSE of three CRS-type cell detection methods with 20% RU.
From the results, either CRS-IC only or RE muting only is not able to provide at least 90% cell detection rate and less than 6 dB absolute RSRP measurement error (RAN4 requirement) for up to 3 small cells.  Though there is no consensus on how many small cells should be considered in small cell discovery and measurement yet, at least 90% cell detection rate and less than 6 dB absolute RSRP measurement error for up to 3 small cells is possible if both CRS-IC and RE muting are applied jointly.
Observation #1: When average RU on small cell layer is lower than 20%, either CRS-IC or RE muting alone can provide good performance on both cell detection and RSRP measurement for up to 3 small cells.
Observation #2: When average RU on small cell layer is near 100%, only RE muting can provide good performance on both cell detection and RSRP measurement for up to 3 small cells.
Observation #3: To achieve at least 90% cell detection rate and RAN4 requirements on RSRP measurements, both CRS-IC and RE muting are required.


3. Conclusion
Based on the simulation results for the proposed designs of DRS, the following proposals can be concluded.

Proposal: CRS plus 100% RE muting together with Release 11 CRS-IC should be considered as one of options for further study in the enhancements on small cell discovery and measurement. 

4. Appendix I: Interference profiling

For efficient simulation, the following simulation methodology is used to evaluate the performance of small cell discovery in this document without the loss of generality.

Step #1: System-level simulation to model the interference profile for link-level simulation

Step #2: Link-level simulation to derive the performance curve based on the interference profile derived in step #1

According to the agreements, Scenario 2a is the targeted scenario for evaluation.  Considering two small cell clusters in each macrocell and 10 small cells within each small cluster, there are 1140 small cells and each small cell contributes interference to other small cells.  To simplify the interference profiling, only signals from small cells with top 10 signal strength are considered and generated in link-level simulation.  The interference from the remaining small cells is considered together with thermal noise as white noise.  The following equation illustrates the method.
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 is the received signal vector by the UE, 
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 is the SIMO channel matrix from the nth small cell to the UE, 
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 is the signal vector from the small cell with the strongest signal strength, 
[image: image15.wmf]n

I

 is the interference signal vector caused by the nth small cell, 
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 is the white noise.
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Figure 4. CDF of the signal strength of top-10 small cells   Figure 5. CDF of the interference level from other small cells.
Table III. Mean signal strength of top-10 small cells and interference level from other small cells.
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1000 different small cell topologies and UE locations are used to profile the received signal strength from small cells within the same cluster and the interference level from other small cell clusters.  Figure 4 and Figure 5 show the CDF of the signal strength of top-10 small cells and the CDF of the interference level from other small cells, respectively.  Table III shows the mean signal strength of top-10 small cells and the interference level from other small cells in dBm.  For the modeling of interference from top-10 small cells, reference signals and OCNG with 20% and 100% cell loading are generated with the corresponding signal strength for link-level simulation.  The power density level of 
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 including both background white noise and interference from other small cells is modeled as the linear sum of 
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5. Appendix II: Simulation Setting
Link-level simulation parameters are listed as below.

	Parameter
	Unit
	CRS

	Cell identifier
	-
	{0,…, 503}

	System bandwidth
	RB
	50

	Carrier frequency
	GHz
	3.5

	Data modulation
	-
	QPSK

	CP length
	-
	Normal

	SNR
	dB
	Table III

	Number of Tx antennas
	-
	1

	Number of Rx antennas 
(uncorrelated with equal gain)
	-
	2

	Number of candidates after cell search
	-
	8

	Propagation conditions
	-
	EPA3

	False alarm rate
	-
	< 0.1%

	Total number of measured OFDM symbols
	Subframe
	1

	RB utilization
	RB
	50

	Max. frequency offset relative to UE frequency reference
	kHz
	1.875

	Max. timing offset 
	CP
	0.1

	Note: 
1. For each trial, 10 Cell-IDs are randomly selected without replacement.
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