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1. Introduction
The following agreements on small cell discovery were reached in RAN1#76.
Agreements:
· 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)

Agreements:
· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 

· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided
Agreements:
· 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
Agreements:
· In addition to evaluation assumptions in SI, following evaluation assumptions can be considered to down select candidate signals

· Propagation delay between a cell and UE should be considered in the evaluations

· At least top (3) small cell within Y dB RSRP gap should be detectable
· Values of Y will be given in the evaluations
· Initial time/frequency offsets  are assumed within +/- 2.5 ms and within +/- X ppm

· Value of X will be given in the evaluations
· For cell identification

· The signal should be able to achieve over 90% detection probability for all detectable small cells

· For RRM measurement

· The signal should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells

In this contribution, we discuss the design of discovery signal for small cells and give our proposals.
2. Discussion
Small cell discovery signals should be transmitted when a small cell is in OFF state to assist the UE to perform small cell detection and RRM measurement. The transition time for small cell ON/OFF can therefore be reduced to achieve the gain of the small cell ON/OFF operation.

Legacy PSS/SSS and CRS can be used to perform small cell discovery for small cells in ON state. However, UEs can hardly be aware of the ON/OFF state of the surrounding small cells especially for very dynamic small cell ON/OFF operation. If specific physical or high layer signaling is designed to inform UEs the ON/OFF state of neighboring small cells, signaling overhead will increase especially considering the large number of small cells. Furthermore, when the number of small cell in ON state is relatively large in a small cell cluster, potentially better cell detection and measurement performance with discovery signal can be expected compared to legacy PSS/SSS/CRS. Thus one unified small cell discovery mechanism irrespective of small cell ON/OFF state is preferred. So, it is proposed that small cells in ON state should also transmit small cell discovery signal.
Proposal 1: Small cells should transmit small cell discovery signal irrespective of small cell ON/OFF state.

It has been agreed in the RAN1 76 that UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization. On the other hand, just as in the legacy synchronization procedure, PSS can also be used for coarse frequency synchronization in enhanced small cell discovery procedure.
Proposal 2: PSS is used for coarse frequency synchronization in enhanced small cell discovery procedure.
For cell/transmission point identification, the candidate signals are PSS/SSS, CRS, CSI-RS and PRS. Using PSS/SSS for cell detection is the existing scheme. PSS/SSS is well designed to support autonomous cell ID detection for up to 504 cell IDs by using 3 PSS root sequences and 168 SSS sequences. However, for dense small cell deployment scenario, due to the severe interference among small cells, with legacy PSS/SSS only up to two small cells in a small cell cluster can be detected [1], which may not be sufficient for small cell application such as load balancing. To improve PSS/SSS cell detection performance, additional PSS/SSS can be used and different small cells in the same small cell cluster can transmit different PSS/SSS located in different time or frequency resource to alleviate the mutual interference among small cells. Furthermore, since there are 3 root sequences for PSS and PSS has good cross-correlation properties, PSS will not be the bottleneck in legacy PSS/SSS cell detection procedure. Therefore, in order to boost the reuse factor and avoid the resource consumption of additional PSSs, the legacy PSS can be reused and only additional SSS is used to improve cell detection performance. 
For the other three candidate signals e.g. CRS, CSI-RS, PRS, evaluation results from several companies [2][3] have proved that CSI-RS can provide excellent cell detection performance in 10MHz system. However, for CRS, CSI-RS, PRS, since pseudo-random sequence based on the cell ID is used, without network assistance information such as mapping relationship between PCIs and time/frequency resource of DS, cell detection will become very difficult since 504 blind detections per DS candidate time/frequency location is needed. On the other hand, if network assistance information is provided to UEs, the signaling overhead can be large, since tens of small cells in several small cell clusters under the same macro cell or adjacent macro cells may be the possible candidate serving cells for a UE depending on the UE’s location. In addition, the cell detection performance for narrow system bandwidth is also questionable. 
System level and link level simulations are used to evaluate the cell detection performance using additional PSS/SSSs for small cell scenario 2a with 1 cluster per macro cell and 10 small cells per cluster. 10 small cells in each cluster are partitioned into M groups randomly or by some planning rule (e.g. two small cells of large distance separation are planned into the same group). Small cells in different groups use orthogonal resources for PSS/SSS such that only small cells in the same group interfere with each other. For each small cell group, PSS/SSS for the 10 strongest small cells are explicitly modeled. UEs perform cell detection based on the M groups of PSS/SSS respectively. PSS/SSS IC technology can be adopted to further improve the cell detection performance. Then the detection probabilities of the 10 strongest small cells are collected. Table 1 summarizes cell detection performance of the top three small cells using one subframe sample. It can be seen that when 10 small cells are partitioned into 5 groups, with cell group planning and SS IC, the detection probabilities of the 3 strongest small cells are all above 90%. When 10 small cells are partitioned into 10 groups, even with random cell grouping and without SS IC, the detection probabilities of the 3 strongest small cells are all above 95%.

Table 1: small cell detection probability using additional PSS/SSSs

	
	1st RSRP cell
	2nd  RSRP cell
	3rd  RSRP cell

	M=5
	Random cell grouping
	w/o SS  IC
	94.28%
	87.33%
	78.44%

	
	
	 SS  IC
	97.83%
	94.28%
	88.94%

	
	Planning   cell grouping
	w/o SS  IC
	94.94%
	92.94%
	81.28%

	
	
	 SS  IC
	98%
	96.83%
	91.72%

	M=10
	Random cell grouping
	w/o SS  IC
	98%
	97.22%
	95.39%


So, based on the above discussion, we propose that additional PSS/SSSs or legacy PSS plus additional SSSs are used for cell/transmission point identification.
Proposal 3: Additional PSS/SSSs or legacy PSS plus additional SSSs are used for cell/transmission point identification in enhanced small cell discovery procedure.
For RSRP measurement, the candidate signals are PSS/SSS, CRS, CSI-RS and PRS.  PSS/SSS, CSI-RS and PRS have not been used for RSRP measurement in the existing implementation. Therefore if these signals are used, new UE implementation and new RAN 4 specification requirements are needed. For CSI-RS, due to the very limited number of REs per PRB, the RSRP measurement performance using CSI-RS for small bandwidth is not sufficient. Even for small cells with large system bandwidth, the UEs may need to be informed of the bandwidth information to guarantee the measurement performance which is not supported in current neighbor cell measurements. On the other hand, CRS has been used for RSRP measurement in the legacy PSS/SSS/CRS discovery signal structure thus the UE implementation can be reused. To improve the RSRP measurement performance, single port CRS can be used so that CRS reuse factor 6 can be utilized. Therefore the mutual CRS interference among small cells in the same cluster can be decreased. PDSCH muting can further improve the receiving SINR by avoiding the PDSCH interference to discovery signals. 
System level and link level simulations are used to evaluate the RSRP measurement performance using CRS for small cell scenario 2a with 1 cluster per macro cell and 10 small cells per cluster. PDSCH transmission is muted on the CRS REs. Random cell ID planning is assumed and only one subframe sample is used. Figure 1 shows RSRP measurement performance when two CRS ports are configured for all the small cells. It can be seen with PDSCH muting, only a very small portion (e.g. 2%) of the RSRP measurement error of the 3nd strongest RSRP cell is larger than 6dB. When single CRS port is configured for all the small cells, as shown in Figure 2, the RSRP measurement errors of all the 3 strongest RSRP cells are below 1.5 dB.
[image: image1.emf]-4 -2 0 2 4 6 8 10 12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP measurement Error(dB)

CDF

10 small cells   One Subframe  Two CRS ports

 

 

The 1st strongest small cell

The 2nd strongest small cell

The 3rd strongest small cell


Figure 1: RSRP measurement performance with 2 CRS ports configured
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Figure 2: RSRP measurement performance with single CRS port configured

So, we propose that CRS is used for RSRP measurement.
Proposal 4: CRS is used for RSRP measurement in enhanced small cell discovery procedure.
Proposal 5: Improving reuse factor by using single port CRS and PDSCH muting can be used to improve the RSRP measurement performance.

Based on the above discussion and the evaluation results, we propose additional “PSS/SSSs and CRS” or “PSS plus additional SSSs and CRS” are used as the discovery signal in enhanced small cell discovery procedure. Figure 3 shows an example of small cell discovery signal burst. Small cells in OFF state transmit legacy PSS (in subframe 1 for TDD or in subframe 0 for FDD) and transmit one additional SSS (randomly selected from SSS1~SSS8 or selected by a predefined rule, where eight SSSs are just shown as an example and more SSS location can be assigned in more subframes or in more PRBs other than the central 6 ones) in subframe X which is configurable. Small cells in OFF state also transmit a single port CRS in subframe X. For small cells in ON state, besides legacy PSS/SSS, additional SSS is also transmitted in subframe X.  If subframe X is not configured MBSFN subframe in an ON cell, CRS in subframe X is transmitted as the same as in other subframes (i.e. the number of CRS port is the same), which could cause some CRS interference to the OFF cells. Alternatively, an ON cell can configure subframe X as MBSFN subframe and single port CRS can be transmitted in the MBSFN region in order to avoid the interference to the OFF cells. Note that the UE doesn’t need to know the real number of CRS ports since only port 0 is used by the UE for RSRP measurement. With this approach, the discovery signal (including new SSS and single port CRS) can be transmitted in the same set of subframes in the ON and OFF cells so that the UE detection window for cell discovery and measurement is limited in these subframes.
To support the above mentioned PDSCH muting, it is possible by implementation in an ON cell eNB to avoid PDSCH scheduling in the PRBs that is used to transmit the new SSS or single port CRS, e.g. in the central 6PRBs so that interference from the ON cells to the OFF cells is avoided. 
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Figure 3: An example of small cell discovery signal burst.
For our proposed small cell discovery signal, the network needs to inform the UE the discovery signal configuration such as transmission period, transmission subframe X. 
Proposal 6: Discovery signal configuration such as transmission period and transmission subframe should be informed to the UEs.

For the RSRQ measurement, if the RSSI is measured in the discovery signal subframe, the interference from the discovery signal of the small cells in OFF state is necessarily included in RSRQ. Therefore, we propose that RSSI should be measured in the subframe other than the discovery signal subframe.
Proposal 7: RSSI should be measured in the subframe other than the discovery signal subframe for RSRQ measurement in enhanced small cell discovery procedure.
3. Conclusion

In this contribution, we discuss the design of small cell discovery signals and we propose additional PSS/SSSs and CRS or PSS plus additional SSSs and CRS are used as the discovery signal in enhanced small cell discovery procedure. 
Proposal 1: Small cells should transmit small cell discovery signal irrespective of small cell ON/OFF state.

Proposal 2: PSS is used for coarse frequency synchronization in enhanced small cell discovery procedure.

Proposal 3: Additional PSS/SSSs or legacy PSS plus additional SSSs are used for cell/transmission point identification in enhanced small cell discovery procedure.

Proposal 4: CRS is used for RSRP measurement in enhanced small cell discovery procedure.

Proposal 5: Improving reuse factor by using single port CRS and PDSCH muting can be used to improve the RSRP measurement performance.

Proposal 6: Discovery signal configuration such as transmission period and transmission subframe should be informed to the UEs.
Proposal 7: RSSI should be measured in the subframe other than the discovery signal subframe for RSRQ measurement in enhanced small cell discovery procedure.
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