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1. Introduction
At the RAN1#76 meeting, the fundamental design for the Rel. 12 discovery procedure was agreed, and open issues regarding small cell on/off and discovery to reduce the transition time were clarified as indicated below [1]. 

· How to support DRS-based RSRQ-like measurements

· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2)

· Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time

· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether (and how) cell On/Off states explicitly informed to UE

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery

· Other aspects related small cell on/off and discovery include RLM, DRX are FFS

In this contribution, we mainly discuss which other signal(s) the UE can assume is transmitted in addition to PSS for enhanced cell discovery. We evaluate the performance of coarse time/frequency synchronization, cell identification and RSRP measurement by assuming each candidate discovery signal (DS). The following agreements are also taken into account for the down-selection of candidate discovery signals.
· 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
· 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 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

According to the evaluation results and corresponding discussions, we present our views on discovery signal design for the Rel. 12 discovery procedure.
2. Discovery Performance Evaluation
2.1.
Evaluation assumptions
According to the agreements at the RAN1#76 meeting, we consider the following evaluation assumptions in addition to the discovery evaluation assumptions used in SCE SI [2].
· Initial timing offset between the assisted timing and the actual DS receive timing at the UE is +/- 2.5 ms. 

· 5 ms search window is used for initial timing synchronization.
· Timing offset for DS from each small cell at the UE is +/- 1.5 us plus actual propagation delay between a small cell and UE [3].

· Initial frequency offset at the UE is X = +/- 0.2 ppm, which is derived by the frequency offset requirement at the serving eNB, in which +/- 0.1 ppm in a small cell case is the worst case [4], and the frequency synchronization requirement at the UE, which is +/- 0.1 ppm from the serving eNB [5].

· Frequency offset for DS from each small cell is +/- 0.1 ppm.
· Target detectable cells are assumed as the top three small cells within Y = {6, 12} dB RSRP gap.

2.2.
Evaluation results

First, PSS-based initial timing detection performance is evaluated. Since we assume a random PCI allocation to each small cell, the sliding correlation between the received signal and each of three PSS template signals is performed. As given in Table. I, we confirmed that the probability of achieving a residual timing offset that is less than the CP length seems sufficiently high. Especially, when the top 3 PSS correlation peaks, e.g., the peak of the correlation between the received signal and each of the three PSS template signals, are utilized for the timing detection, the UE can obtain the available FFT timing for the cell identification and measurement of target detectable small cells.
As the next step, PSS/SSS-based frequency offset compensation is performed. The CDF of the residual frequency offset for the best RSRP cell after the PSS-based or PSS/SSS-based frequency offset compensation is shown in Fig. 1. Since PSS/SSS-based frequency offset compensation exhibits reasonable improvement, this scheme is applied in the evaluation on cell identification and RSRP measurement.
Table I. Probability of achieving the residual timing offset less than the CP length
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Figure 1 – CDF of residual frequency offset

For the cell identification, we evaluate the PSS/SSS, CRS, PRS and CSI-RS based mechanisms. We assume 6, 25 and 50 RBs as the transmission bandwidth of CRS, PRS and CSI-RS. In addition, CRS with PDSCH muting [6], PRS with an MBSFN subframe and CSI-RS with ZP-CSI-RS are evaluated. The cell detection probability performance for the target detectable cells is shown in Fig. 2. Compared to legacy PSS/SSS-based cell identification, the CRS and PRS without a muting mechanism achieve better performance only when the transmission bandwidth of the CRS and PRS is sufficiently large. The CRS, PRS and CSI-RS with a muting mechanism improve the cell identification performance significantly even when the transmission bandwidth is the same as that for the PSS/SSS, i.e., 6 RBs. In addition, although it is not evaluated in this contribution, there are other possible transmitter side enhancements and receiver side enhancements that may be able to improve the cell identification performance. 
The RSRP measurement performance based on the CRS, PRS and CSI-RS of 6 RBs is also evaluated. The results are shown in Fig. 3. The CSI-RS exhibits the best performance although the CSI-RS contains the fewest REs within a subframe. This is because only the CSI-RS can ensure no-collision among small cells within a cluster thanks to 20 orthogonal configurations. On the other hand, CRS- and PRS-based RSRP measurements suffer from RS resource collision among small cells within a cluster even when the PDSCH muting or MBSFN subframe is applied. The impact of the residual frequency offset is also severe in the case of CRS- and PRS-based RSRP measurements.
Observation 1: The PSS and SSS are useful for coarse time and frequency synchronization.

Observation 2: Any of the candidate discovery signals are useful for cell identification.

· Muting mechanisms for candidate discovery signals improve the cell identification performance significantly.

Observation 3: The CSI-RS exhibits the best RSRP measurement performance since the RS resource collision among small cells within a cluster can be avoided by utilizing a number of orthogonal configurations with the muting mechanism.
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Figure 2 – Cell detection probability performance
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Figure 3 – RSRP measurement performance (6 RBs)

3. Discussion on Discovery Signal Design
3.1.
Cell multiplexing capability
According to the evaluation results shown in the previous section, the muting mechanisms are quite beneficial to achieve sufficient discovery performance in a dense small cell deployment. Then, the cell multiplexing capability seems to be related to the number of orthogonal resource configurations. A 1-port CRS and PRS have 6 orthogonal resource configurations within a subframe. A 1 or 2 port CSI-RS has a much larger number of orthogonal resource configurations, i.e., 20, within a subframe. This CSI-RS property is very attractive to achieve sufficient discovery performance without expending a large effort on tight cell planning and maintenance in a real network. Examples are illustrated in Fig. 4. In the case of a reuse factor of 6, the discovery performance degradation due to the collision of the same configuration between neighboring cells may occur unless tight cell planning and maintenance are applied.
To increase the reuse factor, we can consider allocating different subframes for DS transmission to each small cell. However, this means an increase in the number of discovery subframes. Considering inter-frequency small cell discovery using a measurement gap, the number of discovery subframes should be equal to or less than five. Furthermore, a longer discovery duration requires accurate DS timing information. Otherwise, the UE may not be able to receive some discovery subframes within the measurement gap. To relax the accuracy requirement for DS timing information, a smaller number of discovery subframes is preferable.
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Figure 3 – Examples of small cell planning and maintenance

3.2.
UE power efficiency

Considering the commonality to the Rel. 8 discovery procedure, PSS/SSS-based cell identification and CRS-based RSRP measurement would have the minimum implementation impact and high UE power efficiency. However, for discovery procedures based on other RSs, a high UE power efficiency may also be achieved by utilizing the network assistance to limit the discovery candidate to be tested in the procedure. In addition, in terms of the UE power efficiency, the discovery performance improvement based on a transmitter side technique such as the muting mechanism seems better than that based on a receiver side technique such as interference cancellation and averaging/combining among multiple instances of RSs.
3.3.
Impact on legacy UE measurement

If the discovery signal does not contain at least one PSS, SSS or CRS, there is no impact to legacy UE measurement since the legacy UE cannot detect and/or measure off-state cells transmitting only a DS. In contrast, if the DS contains all of PSS, SSS and CRS, the legacy UE may detect off-state cells accidentally [7]. To avoid such a situation, i.e., unnecessary UE processes, a DS design not containing at least one among PSS, SSS and CRS seems preferable.
3.4.
Other aspects

One important aspect for the DS design is its applicability to various small cell deployment scenarios including super-dense deployment and shared cell ID, i.e., CoMP scenario 4, operation. In particular, the shared cell ID operation seems quite attractive for the small cell deployment since CRS interference can be avoided in such operation. Therefore, the benefit of small cell on/off operation and that of shared cell ID operation are quite similar. When a number of small cells, i.e., transmission points, share the same cell ID, identification and measurement for each transmission point are required considering the limited number of CSI processes. Hence, the discovery signal for cell identification and RSRP measurement should be decoupled from the physical cell ID. The CSI-RS already supports this property.
3.5.
Overall evaluation

According to all of the above performance evaluations and discussions, we propose that the PSS, SSS and CSI-RS should be transmitted as the DS. For the discovery procedure based on the PSS/SSS and CSI-RS, the following specifications are needed.
· CSI-RS based RSRP measurement
· RSRQ measurement in the discovery subframe(s)

· Network assistance to provide CSI-RS configuration information

· Quasi co-location between PSS/SSS and CSI-RS

Details on these points are discussed in our companion contributions [8, 9].
Proposal 1: The Rel. 12 discovery signal should contain the SSS and CSI-RS in addition to PSS.

· CSI-RS based RSRP measurement should be introduced.
4. Conclusion
In this contribution, we evaluated the performance of coarse time/frequency synchronization, cell identification and RSRP measurement by assuming each candidate discovery signal, and we presented our views on DS design for the Rel. 12 discovery procedure according to the evaluation results and discussion on some aspects that should be considered. Our observations and proposals are summarized below.
Observation 1: The PSS and SSS are useful for coarse time and frequency synchronization.

Observation 2: Any of the candidate discovery signals are useful for cell identification.

· Muting mechanisms for candidate discovery signals improve the cell identification performance significantly.

Observation 3: The CSI-RS exhibits the best RSRP measurement performance since the RS resource collision among small cells within a cluster can be avoided by utilizing a number of orthogonal configurations with the muting mechanism.

Proposal 1: The Rel. 12 discovery signal should contain the SSS and CSI-RS in addition to the PSS.

· CSI-RS based RSRP measurement should be introduced.
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