Page 1

3GPP TSG-RAN WG1 #77
R1-142028
Seoul, Korea, 19th – 23rd May 2014
Source: 
Intel Corporation 
Title:                     
Details on small cell discovery signal
Agenda item:
    6.2.3.2.3
Document for:
Discussion and Decision
1 Introduction
In RAN1#76, the following agreements were made for small cell discovery signal (DRS):
	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:
· 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 RAN1#76bis, the following agreements were made for DRS:
	Agreements:
· A DRS comprises following signals
· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS
· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS
Agreements:
· Further down select of following alternatives of DRS in RAN1 #77 meeting

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable
· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable
Agreements:
· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off




Setting out from the agreements, this contribution provides details on the design of DRS.
2 PSS/SSS detection
PSS/SSS are essential parts of DRS since they can be used at least for coarse time/frequency synchronization, cell ID detection, easy/robust fine frequency tracking, etc. However, the performance of PSS/SSS detection could be an issue especially in an interference limited scenario (e.g., dense small cell deployment), as pointed out in [1][2]. For instance, in an interference limited scenario under synchronous network, the detection performance can hardly be improved even with multiple accumulations at the receiver over time, since the interference terms cannot be averaged out due to consistent collision patterns across the cells. Therefore, cells other than the strongest one could hardly be detected and poor performance of PSS/SSS detection can become the bottleneck of the overall discovery operation.

 To tackle this problem, we discuss three possible options: (i) PSS/SSS (or DRS) muting, (ii) TDM of PSS/SSS (or DRS) from different cells, and (iii) PSS/SSS IC. The performance of the three options are compared in a companion contribution [3], showing that Option (i) and Option (ii) perform better than Option (iii) in terms of cell ID detection while being able to reuse the same cell searcher block as in Rel-8. Indeed, with option (i) and option (ii), the three strongest cells are detected with more than 90% probability in the considered scenarios.
2.1 PSS/SSS (or DRS) muting
Figure 1 shows an example of PSS/SSS muting where the muting pattern with length 4 is applied. Note that CRS or CSI-RS for RSRP/RSRQ measurement can be transmitted in the subframes carrying PSS/SSS as a part of DRS. In the example, UE sees only one PSS/SSS instance from each cell and therefore interference is effectively eliminated during time/frequency synchronization and cell ID detection. The muting pattern can be configured by higher layer signaling and the signaling design could be compatible to existing PRS muting pattern (i.e. each muting bit corresponds to each DRS occasion as in PRS muting pattern). PSS/SSS muting can provide the best cell ID detection performance together with PSS/SSS TDM (e.g. see Section 2.2) if the muting pattern is properly assigned [3]. Another merit is that the same cell searcher as the legacy one can be directly reused. Finally, PSS/SSS muting can identify the transmission point even in the shared physical cell ID case among the TPs by UE reporting the muting pattern configuration (e.g., MutingPattern in Figure 1) together with the measured RSRP and RSRQ values in the measurement reporting for a TP (see details in Section 3).
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Figure 1 PSS/SSS muting (muting length=4)
2.2 PSS/SSS (or DRS) transmission in TDM manner

 Figure 2 shows an example of PSS/SSS transmission in a TDM manner. It is noted that CRS or CSI-RS for RSRP/RSRQ measurement can be transmitted in the subframes carrying PSS/SSS. It is also noted that the example in this figure could be equivalent to PSS/SSS muting with length 5. The different DRS configurations (representing DRS periodicity and subframe offset) or different subframe offsets to a reference cell (Cell#0 or TP0 in this example) for PSS/SSS transmission can be configured by higher layer signalling. The data (if any) from a cell (or TP) may be muted (or not scheduled) in the central 6 PRBs in the subframe corresponding to the PSS/SSS transmission from another cell (or TP) in order to further reduce interference during cell ID detection. In this case, the cell ID detection performance with TDM approach would be similar to that with PSS/SSS muting (i.e., best cell ID detection performance) [3]. Another merit is that the same cell searcher as the legacy one can be directly reused, like in the case of PSS/SSS muting, see Section 2.1. Finally, the TDM approach can identify the transmission point even in the shared physical cell ID case among the TPs by UE reporting the DRS configuration or subframe offset (e.g., DRS configuration or OffsetSF in Figure 2) together with the measured RSRP and RSRQ values in the measurement reporting for a TP (see details in Section 3).
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Figure 2 PSS/SSS transmission in TDM manner
2.3 PSS/SSS IC

PSS/SSS IC (Interference Cancellation) can improve the cell ID detection performance. Note that CRS or CSI-RS for RSRP/RSRQ measurement can be transmitted in the subframes carrying PSS/SSS. However, the receiver complexity can be significantly increased depending on the number of interfering cells required to be cancelled. In addition, when the received signals from the different cells are not aligned, the cell ID detection performance could be degraded (although this effect cannot be shown due to the current simulation assumptions). Also, it may not be possible to detect many cells within a given measurement gap length (e.g. 6ms) due to the cancellation processing time which would require the multiple DRS occasions to detect the cells as many as possible. Finally, PSS/SSS IC itself may not identify the transmission point in the shared physical cell ID case among the TPs.
Based on the above discussion, we propose the following:

Proposal 1: PSS/SSS (or DRS) muting or PSS/SSS (or DRS) TDM is supported. The muting pattern and/or DRS configuration (periodicity and offset) is included in measurement reporting together with the physical cell ID per measured cell.
3 RRM measurement
From the simulation results in [3], it is observed that the RSRP measurement accuracy using CRS is superior to that using CSI-RS with the gain ranging from 0.82 dB to 1.13 dB in terms of the delta RSRP under the provided simulation assumptions. The difference is mainly due to the smaller density of CSI-RS compared to CRS. In addition to its worse RSRP measurement accuracy, CSI-RS based RRM measurement requires a new UE implementation complexity compared to CRS-based RRM measurement. Given that the CRS-based RRM measurement provides much better accuracy and can identify a TP, see Section 4, the newly introduced UE implementation complexity could not be justified.
Observation 1: CRS is superior to CSI-RS in terms of RSRP measurement accuracy.

Observation 2: CSI-RS based DRS design requires additional implementation complexity compared to CRS based DRS design.
Proposal 2: CRS is used for RRM measurement.

4 TP identification
Regarding the option of PSS/SSS+CSI-RS, a transmission point (TP) can be identified by reporting the configured virtual cell ID or CSI-RS configuration together with measured RSRP and RSRQ for the TP. 
Regarding the option of PSS/SSS+CRS, a TP can be identified by reporting the muting pattern configuration (for PSS/SSS muting as in Section 2.1) or the DRS configuration/offset (for the TDM approach as in Section 2.2) together with the measured RSRP/RSRQ in measurement reporting for the TP. The muting pattern or DRS configuration/offset would play a role of a virtual cell ID as in CSI-RS to identify TP.
With PSS/SSS muting as shown in Figure 1, four TPs with the same physical cell IDs transmit PSS/SSS with different muting patterns. In this case, a UE detects PSS/SSS and measures RSRP/RSRQ using CRS in the ON subframes. Then, when the UE reports the measurement results together with the physical cell ID and the configured muting pattern, eNB can identify for which TP the measurement reporting is intended. 
With PSS/SSS transmission in a TDM manner as shown in Figure 2, four TPs with the same physical cell IDs transmit PSS/SSS at different time instances (e.g., subframes inFigure 2). In this case, a UE detects PSS/SSS and measures RSRP/RSRQ using CRS in the configured subframes. Then, when the UE reports the measurement results together with the physical cell ID and the DRS configuration/offset, eNB can identify for which TP the measurement reporting is intended.

Observation 3: Both CRS and CSI-RS based DRS options can identify a TP in the same physical cell ID scenario.
Proposal 3: DRS muting pattern and/or DRS configuration (periodicity and offset) is included in the measurement reporting for the measured cell to identify the TP.
5 DRS selection
From the agreements in RAN1#76bis, we have four alternatives as DRS candidates:
· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable
· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable
Regarding Alt.1 and Alt.5, there is no clear justification by configuring multiple physical layer signals of PSS/SSS/CRS/CSI-RS, especially considering the fact that the same roles are played between CRS and CSI-RS.

Between Alt. 3a and Alt. 3b, as discussed in Sections 2, 3, and 4, the accuracy of RSRP measurement with CRS is superior to that with CSI-RS. It is well understood that the CSI-RS based DRS option can identify the TP in the same physical cell ID case by using virtual cell ID and/or CSI-RS configuration. However, the CSI-RS based DRS design option would unnecessarily require the new UE implementation complexity while CRS-based DRS option can also identify the TP in the same scenario.
Proposal 4: Alt. 3a (PSS/SSS/CRS) is selected as the small cell discovery signal.

6 Conclusions
 In this contribution, we discuss the aspect of PSS/SSS detection performance in an interference limited scenario. Since the PSS/SSS detection performance can become the bottleneck of the overall discovery performance, the options of PSS/SSS muting, TDM approach of PSS/SSS, and PSS/SSS IC are discussed to improve it. The aspects of RRM measurement accuracy and TP identification are also discussed for both CRS and CSI-RS based DRS options. In conclusion, the following proposals and observations are made:

Proposal 1: PSS/SSS (or DRS) muting or PSS/SSS (or DRS) TDM is supported. The muting pattern and/or DRS configuration (periodicity and offset) is included in measurement reporting together with the physical cell ID per measured cell.
Observation 1: CRS is superior to CSI-RS in terms of RSRP measurement accuracy.

Observation 2: CSI-RS based DRS design requires additional implementation complexity compared to CRS based DRS design.
Proposal 2: CRS is used for RRM measurement.
Observation 3: Both CRS and CSI-RS based DRS options can identify a TP in the same physical cell ID scenario.
Proposal 3: DRS muting pattern and/or DRS configuration (periodicity and offset) is included in the measurement reporting for the measured cell to identify the TP.

Proposal 4: Alt. 3a (PSS/SSS/CRS) is selected as the small cell discovery signal.
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