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1 Introduction

In the previous RAN1 #76 meeting, the following was agreed for DRS design:
· In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted

· UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization

· Which other signal(s) the UE can assume are transmitted is FFS

· Possible candidates are one or more instances of SSS, CRS, CSI-RS, and PRS

· Which signals are useful for which purpose is FFS

· In addition to purposes given by the WID, cell multiplexing capability, UE power efficiency, and impact to legacy UE’s measurement can be considered when discussing candidate solutions

· Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs

· FFS: Network assistance is provided to UEs for performing enhanced cell discovery. The information provided includes at least timing related information of discovery signal(s)

In this contribution, we compare potential designs of DRS. In addition, we evaluate the accuracy of RRM measurements based on DRS. Simulations results suggest that the existing CRS-based RRM measurement shows degraded performance in dense small cell deployments and further enhancements are needed.

2 Reference signal for enhanced cell discovery
It is agreed that UE can assume multiple signals are transmitted for cell discovery and UE can assume PSS is transmitted for coarse time synchronization. PSS can also be used for frequency synchronization. If multiple RS are transmitted in a DRS burst, they may be jointly used to further improve the accuracy of time and frequency synchronizations. In fact, synchronization is only the first step for cell detection. Besides synchronization, a UE needs to obtain cell ID and perform RRM measurements of the target cell. In the rest of this section, we discuss how to accomplish these two objectives for enhanced cell discovery.

2.1 Obtaining cell ID
Currently, a UE obtains cell ID from joint detection of PSS and SSS sequences. Cell ID group index, ranging from 0 to 167, is obtained from SSS. The SSS sequence is designed so that a low complexity algorithm can be used to reduce the UE computation effort.
Nevertheless, as only UEs in CONNECTED mode are considered for enhanced small cell discovery, a UE can obtain the cell ID of neighbour cells from its current serving cell by assistance signaling. This is similar to the existing RRM procedures, where a UE can obtain information of neighbour cells from the high layer signalling MeasObjectEUTRA. The network assistance information may further inform a UE about the configuration of DRS for each neighbor cell for reducing the complexity of UE detection. The cell ID obtained from network assistance has to be carried in DRS explicitly or implicitly so that the cell may be detected. If this mechanism is used, then there is no need for a UE to detect SSS.

Proposal 1: ID of a neighbor cell is obtained from network assistance information and carried in the corresponding DRS signals.
2.2 RRM measurement based on DRS
RRM measurements are performed based on CRS according to current specifications. Therefore, this procedure can be extended to enhanced small cell discovery, i.e., DRS transmission includes a signal which is designed based on CRS. However, in dense small cell deployments, the interference level on CRS REs could be high, thus affect the accuracy of RRM measurements. To improve the corresponding performance, one possible way is to use UE-side interference cancellation (IC). If the CRS of the interfering cell collides with CRS transmission from the target cell, then a UE may cancel the interference from the stronger cell to improve the accuracy of RSRP measurements for the target cell.
Other candidates for the design of DRS burst are CSI-RS and PRS. CSI-RS based RRM measurements have been discussed in Rel-11 [2]. It is envisioned that RRM measurements based on CSI-RS may benefit from the ICIC gain. If the DRS bursts contain PRS, ICIC gain can also be obtained if PDSCH is not transmitted. Neighbor cells can adopt different frequency offsets to avoid interference among each other. However, the maximal reuse factor is limited to 6 for PRS while it can be as high as 20 for CSI-RS.
In this section we compare the performance of these methods:
· Scheme1: CRS based

· Scheme2: CRS based with UE side IC

· Scheme3: CSI-RS based

· Scheme4: PRS based
The simulations are carried out using the methodology described below.

Step 1: system level evaluation

From system level simulations we obtained the interference profile of each UE for further analysis. Scenario 2a is used for the evaluation. One cluster of small cells is placed within one macro cell. Each cluster contains ten small cells.

Only UEs associated to small cells are taken into account. For each UE, the ten strongest received powers from small cell transmissions are recorded. Signals received from other small cells are considered as noise.

Step 2: link level evaluation

In the link level simulation, each of the measured interference profile is fed into the simulator. The transmissions of the ten strongest cells are modelled explicitly. Then the RSRP measurement accuracy corresponding to the top three small cells are evaluated. Synchronous transmission of DRS from all cells was assumed, and a uniformly distributed time offset of ±3 µs and a uniformly distributed frequency offset of ±0.1 ppm are modelled.
In the simulation, DRS is assumed to be transmitted either every 40 or 200 ms. One RRM measurement is obtained every 200 ms. Therefore, if the periodicity of DRS is 40 ms, five samples can be obtained within one measurement period. These five samples are averaged to obtain more accurate RRM measurements. The measurement bandwidth is set to 6 PRB. 
If Scheme 1 is used, small cells within the same cluster are assigned with consecutive ID numbers. Therefore different CRS frequency shifts are adopted for neighbor cells to reduce the interference.
If Scheme 2 is used, IDs of small cells within the same cluster are chosen in such a manner that CRS patterns are colliding. Therefore, UE side IC can be more effective. We assume an ideal SIC receiver, i.e. for the RRM measurement for the 2nd strongest cell, the interference from the 1st strongest cell can be ideally removed, if CRS patterns of the 2nd cell and the 1st cell collide. For the 3rd strongest cell, the interferences from the 1st and 2nd strongest cell are ideally cancelled, if their CRS patterns collide.
If Scheme 3 is used, 20 CSI-RS configurations are configured in the network. Each configuration consists of two REs, i.e. CSI-RS configuration for 1 or 2 antenna ports. Each small cell transmits CSI-RS using one of the configurations via one antenna port. The configuration used is associated to cell ID, i.e. 
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. Small cells in the same cluster transmit in orthogonal REs.
If Scheme 4 is used, small cells within the same cluster are assigned with consecutive ID numbers. Therefore different PRS frequency shifts are adopted for neighbor cells to reduce the interference. PDSCH transmissions are ceased for the evaluation.
Table 1 RSRP Inter frequency absolute accuracy
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	N/A
	-70

	
	
	
	9, 42, 43
	-120
	N/A
	-70

	
	
	
	28
	-119.5
	N/A
	-70

	
	
	
	2, 5, 7, 27, 41, [44]
	-119
	N/A
	-70

	
	
	
	26
	-118.5 Note 2
	N/A
	-70

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 4
	-118
	N/A
	-70

	
	
	
	25
	-117.5
	N/A
	-70

	(8
	(11
	(-6 dB
	Note 3
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 3:
The same bands apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 4:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.


For each UE, multiple RRM measurements were obtained and we recorded the 5% and 95% CDF of the delta-RSRP, i.e. the difference between the measured RSRP and the ideal RSRP. The performance evaluation results are captured in Figure 1 and Figure 2. The requirements for RSRP measurements accuracy are addressed in chapter 9 of [3]. The requirements for inter frequency RSRP measurements are reproduced in Table 1. Only normal condition is considered, therefore the accuracy should be within (6 dB. An implementation margin of 3.5 dB is assumed for our evaluations; therefore the 5% and 95% CDF of the delta-RSRP should be within (2.5 dB to satisfy such requirements.
For Figure 1, DRS is transmitted every 200 ms. The following can be observed from the simulation results.
1) CRS based RRM measurement performs poorly in dense small cell deployments. Even for the strongest small cell, almost none of the UEs can achieve the required RSRP measurement accuracy. This suggests the interference from CRS and interference transmitted in neighbor cells can be very high.

2) If CRS-IC is used, there is no performance gain for the strongest cell. Obviously, this is because there is no interference cancellation for the strongest cell. For the 2nd and the 3rd strongest cell, there is significant performance gain compared to CRS based RRM. The gain is obtained from ideal interference cancellation. Nevertheless, the achieved accuracy cannot satisfy the accuracy requirements of ±2.5 dB.

3) CSI-RS based RRM provide the best performance among the schemes evaluated. For the strongest cell, around 90% of the UEs can achieve acceptable accuracy of RSRP measurements. For the 2nd and the 3rd strongest cell, around 70% and 30% of the UEs can satisfy RAN4 requirements, respectively. Clearly, the result suggests ICIC gain is crucial to achieve reliable RRM in dense small cell deployments.
4) PRS based RRM outperforms CRS based solutions significantly. This also proves the importance of ICIC. Yet, almost none of the UEs can satisfy the accuracy requirements of ±2.5dB. As there are only 6 different frequency offsets that can be used, the collisions of PRS from neighbor cells are unavoidable, which limit the performance of PRS.
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Figure 1. 5% and 95% CDF of delta-RSRP for all UEs (DRS periodicity: 200 ms)
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Figure 2. 5% and 95% CDF of delta-RSRP for all UEs (DRS periodicity: 40 ms)
In Figure 2, we show the corresponding results when the periodicity of DRS is reduced to 40 ms. Therefore a UE can obtain 5 samples within the 200 ms reporting period and combine them. By comparing Figure 1 and Figure 2, it is clear that all schemes can benefit from time domain combining of measurement samples. 

1) For CRS based RRM, the achievable accuracy can satisfy the requirements for the strongest small cell. Yet, for the 2nd and 3rd strongest cells, almost none of the UEs can meet the requirements. 
2) If CRS-IC is used, the performance for the 2nd and 3rd strongest cell can be greatly improved. Around 70% and 60% of the UEs can meet the requirements of ±2.5 dB.

3) CSI-RS still provides the best performance. 98%, 90%, 80% of the UEs can reach the required accuracy for the 1st, 2nd, 3rd strongest cells, respectively.

4) The performance of PRS is also improved if multiple samples are used. Yet it still underperforms CSI-RS.
Observation1: CSI-RS based RSRP provides better accuracy in dense small cell deployments than CRS, CRS with interference cancellation, and PRS. 

Besides performance loss, PRS is also not preferred due to its high overhead. As DRS may be needed for small cells both in OFF and ON states, using PRS for discovery purpose decreases the resources that can be used for data transmission. In addition, the coexistence issue of PRS and CSI-RS has not been solved. So if PRS is used for DRS, the flexibility of CSI-RS resource configuration is further restricted.
Therefore it is proposed that, 
Proposal 2: PSS + CSI-RS should be the basis for DRS design. Optimization for CSI-RS can be considered.
3 Conclusions

This contribution provides further analysis of the possible enhancements to the efficient discovery of small cells. The following proposals are made:
Proposal 1: ID of a neighbor cell is obtained from network assistance information and carried in the corresponding DRS signals
Proposal 2: PSS + CSI-RS should be the basis for DRS design. Optimization for CSI-RS can be considered.

4 Appendix

The impact of frequency/time offsets among small cells to the accuracy of RSRP measurements are also evaluated and demonstrated in Figure 3. Here we assume CSI-RS is used for the evaluation. Ten CSI-RS configurations are used and the periodicity is 200 ms. The measurement bandwidth is 6 PRBs.

Different frequency/time offsets are applied to observe the impact. It can be seen that when the time offsets are fixed, the impact of frequency offsets is rather limited. This suggests that RSRP measurements are insensitive to frequency errors.

On the other hand, when frequency offsets are fixed, if time offsets among cells are reduced from ±3us to 0, there is significant performance difference. This implies that the arrival timing difference at the UE has an impact on the performance of RRM measurements.
[image: image4.emf]-5 0 5 10 15

0

0.2

0.4

0.6

0.8

1

Delta-RSRP (dB)

CDF

(a)CDF of 5% and 95% delta-RSRP (1st cell, 6 PRB)

 

 

CSI-RS(5%) (200Hz, 3us)

CSI-RS(95%)(200Hz, 3us)

CSI-RS(5%) (350Hz, 3us)

CSI-RS(95%) (350Hz, 3us)

CSI-RS (5%) (200Hz, 0us)

CSI-RS(95%) (200Hz, 0us)

CSI-RS(5%) (350Hz, 0us)

CSI-RS(95%) (350Hz, 0us)

-5 0 5 10 15

0

0.2

0.4

0.6

0.8

1

Delta-RSRP (dB)

CDF

(b) CDF of 5% and 95% delta-RSRP (2nd cell, 6 PRB)

-5 0 5 10 15

0

0.2

0.4

0.6

0.8

1

Delta-RSRP (dB)

CDF

(c) CDF of 5% and 95% delta-RSRP (3rd cell, 6 PRB)


Figure 3. 5% and 95% CDF of delta-RSRP for all UEs (DRS periodicity: 200 ms)
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