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1 Introduction

In RAN1 Meeting #76, discovery reference signal (DRS) design details were discussed under the WID of small cell enhancement-physical layer aspects [1] and the following agreements were reached [2]:
· Followings can be considered as candidate signals for each purpose

· For coarse time synchronization:

· Candidate signals are PSS, PSS/SSS, PRS

· For coarse frequency synchronization:

· Candidate signals are PSS, PSS/SSS, CRS, CSI-RS, PRS

· For cell/transmission point identification:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:

· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals
· For any of above purposes, Tx-side enhancement, e.g.,  muting and utilizing multiple instances, and/or Rx-side enhancement, e.g., interference cancellation, can be considered

· UE can utilize a combination of discovery signals for any of above purposes

In this contribution, we propose a cyclic shift based enhanced reference signal, namely eCSI-RS, for small cell discovery and RRM measurements and present some performance evaluations. In the conclusion part, we propose to adopt the eCSI-RS design for enhanced small cell discovery and RRM measurement. 
2 Enhanced reference signal design
In our previous contribution [3], we list the various DRS design options. In option 7, we proposed the cyclic shift based DRS design (eCSI-RS). In the following section, more design details are provided.
2.1 Design motivation 

DRS design is targeting to support small cell on/off operation and it is desirable to have DRS transmitted in burst mode. As indicated in the above agreement, PSS is always transmitted in DRS burst to provide coarse timing and frequency synchronization. The undecided signal part is the companion for cell detection and RRM measurements. In this contribution, we will focus on the undecided signal part.
The short DRS transmission duration puts UE under much more challenging scenarios in terms of detecting and performing necessary RRM measurements of the surrounding small cells relying on only limited bursts. Usually increasing DRS transmission power is beneficial for higher detection probability and better RRM measurement accuracy. But increasing the transmission power also creates more interference into the system. For a synchronized system, full power orthogonal DRS signal transmission can be achieved by simply applying cyclic shift. A UE receives the combination of DRS bursts from every small cell in the cluster and applies simple operation to differentiate the DRS from each small cell. In the following sections, we provide more design details based on cyclic shift configuration (eCSI-RS). 
2.2 Design details
2.2.1 Number of configured cyclic shifts 
Through signaling from a certain coordination node, each small cell within a cluster is configured with one common eCSI-RS sequence and different cyclic shift. The number of total available cyclic shifts depends on the deployment scenario. Table 1 shows the timing interval within each cyclic shift corresponding to different total number of cyclic shifts.
Table 1. Time interval vs. number of cyclic shifts
[image: image1.emf]Number of cyclic shift 1 2 4 6 8

Time span/cyclic shift 66.7us 33.4us 16.7us 11.1us 8.3us


The choice of the number of cyclic shifts should consider both small cell propagation delay within the cluster and small cell transmission time uncertainty. Table 2 shows the typical propagation delay profiles (PDP) used in RAN4 performance evaluations. 
Table 2. PDP defined in 3GPP 36.101
[image: image2.emf]Model

Number of 

channel taps

Delay spread (r.m.s)

Extended Pedestrian A 

(EPA)

7 45 ns 410 ns 123 m

Extended Vehicular A 

(EVA)

9 357 ns 2510 ns 753 m

Extended Typical 

Urban (ETU)

9 991 ns 5000 ns 1500 m

Maximum excess tap delay (span)


For small cell cluster deployment, it is reasonable to assume that the PDP span is within 3 µs. If also assuming that the transmission time uncertainty is bounded by ±3µs, the total time span of 9 µs implies that 6 cyclic shifts is a desirable configuration. Figure 1 illustrates the desired cyclic shift configuration avoiding interference between adjacent cyclically configured small cells.
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Figure 1 Cyclic shift configuration
2.2.2 Resource allocation
As discussed in previous section, it is desirable to transmit the DRS burst across all of the available RE in one OFDM symbol. To minimize the UE hardware impact imposed by the introduction of DRS, we can configure eCSI-RS transmission in OFDM symbols 9 and 10. These two OFDM symbols overlap with CSI-RS configuration and UE can easily perform rate matching around these by network configuring ZP CSI-RS covering all these RE. Two eCSI-RS ports (one port for one cell) can be multiplexed onto OFDM symbols 9 and 10. Assuming 6 cyclic shifts are configured on each port, then one eCSI-RS burst can support up to 12 small cell discovery and RRM measurements. The hardware change in UE is very minimal and most changes are probably in firmware. Figure 2 illustrates the resource elements allocation for eCSI-RS burst. 
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Figure 2 eCSI-RS design resource configuration
2.2.3 eCSI-RS sequence
At the small cell transmitter side, in the frequency domain a phase ramp corresponding to configured cyclic shift is applied onto the eCSI-RS scrambling sequence. At the UE receiver side, descrambling is performed on the frequency domain received symbols before cell detection and RRM measurements. To maximally reuse the already existing sequences, DMRS sequence can be adopted for DRS scrambling sequence. For DMRS sequence [4]:
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where the initialization is defined by,
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As a configuration example, UE could be signaled about the visual cell ID employed at the cluster small cell transmitter and 
[image: image7.wmf]k

 could be set to 0 for OFDM symbol 9 and set to 1 for OFDM symbol 10.

2.2.4 Standardization effort
From previous discussions, by utilizing existing signal configurations, the standardization efforts of the proposed eCSI-RS design are limited if compared with other DRS candidates, e.g. burst SSS, CRS, PRS and CSI-RS. Many of the standardization efforts are common to all of the DRS candidate designs, e.g. burst duration and periodicity. Considering the superior cell detection and RRM measurements as presented in the next performance section, the additional standardization efforts are very worthwhile.
Observation 1: eCSI-RS design imposes limited amount of extra standardization efforts and minimal hardware modification at both UE and small cell sides
3 Performance evaluation
3.1 Cell detection performance
Cell detection performance based on eCSI-RS design is evaluated in this section. In the simulation, link level detection is embedded in the system level simulation. For each drop, a UE tries to perform link level small cell detection with the side condition set according to the output of system simulation. EPA 5 is the fading channel evaluated in the simulations. The signal power from out of small cell cluster is sum into Noc. Figure 3 plots the CDF of the Es/Noc for the 10 small cells within one cluster. Note that orthogonal DRS transmission within the cluster greatly improves UE perceived geometries compared to SSS or CRS w/o muting based DRS designs.  
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Figure 3. Es/Noc for the 10 small cells in the cluster
Figure 4 plots the cell detection performance. The candidate cells for UE detection are small cells whose RSRP are within 15dB of the strongest small cell in the cluster at the UE receiver. The detection is based on just single reception of eCSI-RS burst. Up to 200Hz frequency offset and 3µs timing offset are configured between the small cells.
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Figure 4. eCSI-RS cell detection performance
From the simulation results, we can make the following observations:
· Figure 4a shows that all of the small cells in the candidate set can be detected with >0.99 probability
· Figure 4b shows that more UEs detect 8 and 9 candidate small cells within the cluster

· Figure 4c shows that more than 90% of UE could detect more than 5 candidate small cells and more than 50% of UE could detect more than 7 candidate small cells 

The results strongly indicate that eCSI-RS design is very effective in small cell detection. All of the candidate small cells, with RSRP within 15dB of the strongest in our simulation, can be reliably detected with very high detection probability (>0.99).  
Observation 2: eCSI-RS design could effectively (>0.99 detection probability) detect all of the candidate small cells (RSRP within 15dB of the strongest) within the cluster 
3.2 RSRP measurement performance
It was agreed that RSRP measurement should be performed based on the received DRS bursts. So in this section, we evaluate the performance of RSRP measurement of various DRS candidate designs and check against RAN4 RSRP measurement accuracy requirements. 

3.2.1 Side conditions 
RAN4 RSRP measurement accuracy test is designed to verify satisfactory UE implementation performance under cell edge conditions which is set to Es/Iot = -6dB. While in our dense small cell deployment scenarios, the RAN4 side condition should be modified. So firstly, we need to derive the proper side condition for the target detectable small cell.

In the agreed way forward [2], it suggested that UE should be able to detect at least the top 3 strongest small cells. So in the following we will follow the listed steps to obtain the side conditions of RSRP measurement for the third strongest small cell in the cluster. The methodology here is similar to the one used in deriving side conditions for f-eICIC RSRP measurement in RAN4. 
· Step 1: Select the 5%-tile of Es/Iot of the third strongest small cell as the target Es/Iot
· Step 2: Filter UE with Es/Iot within ±0.5 dB of target Es/Iot
· Step 3: Select the 5%-tile of Es/Noc of UE filtered as step 2 as the target Es/Noc
· Step 4: Further filter UE with Es/Noc within ±0.5dB of target Es/Noc   
· Step 5: From the UE filtered as step 4, set the median Es/Noc of each small cell as the Es/Noc side conditions
Figure 5 plots the Es/Iot and Es/Noc selections as in steps 1 and 3 for the third strongest small cell within the cluster.
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Figure 5. Es/Iot and Es/Noc for the third strongest small cell
The final side conditions for the link level evaluation are listed in Table 3. 
Table 3. Side conditions for RSRP measurement accuracy simulation
[image: image11.emf]Small cell index

1 2 3 4 5 6 7 8 9 10

Es/Noc (dB)

4.58 -1.87 -8.26 -11.74 -20.37 -26.85 -30.98 -33.67 -36.05 -40.18

SCH Es/Iot(dB)

1.84 -8 -14.89 -18.45 -27.14 -33.62 -37.75 -40.44 -42.81 -46.95


3.2.2 Measurement accuracy
Link level evaluation is performed with 10 small cells explicitly modeled according to above side conditions. Up to 200Hz frequency offset and 3µs timing offset are configured between the small cells. The simulation setup is the same as with RAN4 RSRP measurement accuracy test, i.e. 40ms/200ms (40ms/sample and 200ms measurement period resulting total 5 samples within one measurement period). Table 4 shows the various DRS candidates for measurement accuracy evaluations:

Table 4 DRS candidates for RSRP measurement evaluations
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eCSI-RS (40ms/200ms)

50

5 samples at 40ms/sample 
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Othogonal cyclic shift No coordination

eCSI-RS (Single burst)

50 Single sample Othogonal cyclic shift No coordination

CSI-RS (40ms/200ms) 

50

5 samples at 40ms/sample 

over 200ms

Orthognal CSI-RS 

configurations

No coordination

NB CRS (40/200ms 

w/muting+CRS-IC)

6

5 samples at 40ms/sample 

over 200ms

PDSCH muting + ideal 

CRS-IC 

No coordination

WB CRS (40/200ms 

w/muting+CRS-IC)

50

5 samples at 40ms/sample 

over 200ms

PDSCH muting + ideal 

CRS-IC

No coordination


In all of the above cases, the interference from inter-cluster small cells is avoided either through orthogonal configuration or applying muting. So the side conditions derived in the previous section is applicable to all the evaluated cases. 
 Figure 6 shows the simulation results of the target third strongest small cell in the cluster. Table 4 summarizes the results.

 [image: image13.emf]-6 -4 -2 0 2 4 6 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF of delta RSRP

Delta RSRP (dB)

CDF

 

 

eCSI-RS+single burst

eCSI-RS+40ms/200ms

CSI-RS+40ms/200ms

NB CRS w/muting+CRS-IC+40ms/200ms

WB CRS w/muting+CRS-IC+40ms/200ms


Figure 6. CDF of delta RSRP of third strongest cell, EPA 5Hz
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eCSI-RS (40ms/200ms)

-0.56 -0.2 0.07 [-0.56 0.07] [-0.36 0.26]

eCSI-RS (Single burst)

-0.97 -0.2 0.41 [-0.97 0.41] [-0.78 0.61]

CSI-RS (40ms/200ms) 

-1.95 -0.03 3.8 [-1.95 3.8] [-1.91 3.84]

NB CRS (40/200ms w/muting+CRS-IC)

-3.13 -0.09 5.6 [-3.13 5.6] [-3.04 5.70]

WB CRS (40/200ms w/muting+CRS-IC)

-0.93 0.06 1.34 [-0.93 1.34] [-0.99 1.28]


Table 5. Cyclic shift DRS RSRP measurement accuracy  
Based on the simulation results, we can make the following observations:

· The relative performance between the DRS candidate designs from best to worst are:
 
eCSI-RS>single burst eCSI-RS>WB CRS w/muting+CRS-IC>CSI-RS>NB CRS w/muting+CRS-IC
· RAN4 defined RSRP measurement accuracy of ±6dB for absolute accuracy and ±2.5dB for relative accuracy can been met by eCSI-RS designs and wide-band CRS w/muting plus CRS-IC. And eCSI-RS designs could satisfy the requirements with large margins
· NB CRS has similar available REs for RSRP measurement to CSI-RS but performs worse due to its narrow band nature

· eCSI-RS orthogonal design and utilizing all of the available REs result in the much superior performance

Also note that the 6dB RSRP measurement absolute accuracy requirement includes the RF impairments which could amount to 3-4 dB. This leaves around ±3dB margin for base band implementation.  
Observation 3: RSRP measurement based on eCSI-RS design could meet RAN4 RSRP accuracy requirement with large margin
Observation 4: RSRP measurement based on wide-band CRS w/muting and CRS IC could meet RAN4 RSRP accuracy requirements
Although wide-band CRS with muting and CRS IC could also meet RAN4 RSRP measurement accuracy requirements, but muting impose overhead in terms of no data transmission within the small cell cluster during DRS bursts. Also CRS-IC is only effective in cancelling the strongest interference cell and its detection performance is not sufficient (<3 cells) [5]. The proposed eCSI-RS design is superior in term of both detection and RRM measurement performance. To target a better, robust and future proof DRS design, we propose to adopt the eCSI-RS design. 

Proposal 1: Adopt eCSI-RS design for the enhancement of small cell discovery and RRM measurement
4 Conclusion

Based on the previous discussion on eCSI-RS design and standardization effort, as well as its cell detection performance and RSRP measurement accuracy evaluation, we propose to adopt the eCSI-RS design for enhancement of small cell discovery and RRM measurement.
Proposal 1: Adopt eCSI-RS design for the enhancement of small cell discovery and RRM measurement
All the observations are also repeated in the following

Observation 1: eCSI-RS design imposes limited amount of extra standardization efforts and minimal hardware modification at both UE and small cell sides

Observation 2: eCSI-RS design could effectively (>0.99 detection probability) detect all of the candidate small cells (RSRP within 15dB of the strongest) within the cluster 
Observation 3: RSRP measurement based on eCSI-RS design could meet RAN4 RSRP accuracy requirement with large margin
Observation 4: RSRP measurement based on wide-band CRS w/muting and CRS IC could meet RAN4 RSRP accuracy requirements 
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