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1
Introduction

Agreements from last RAN1#76 include:

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
The details of the possible discovery signal as well as the related measurements are open issues and need to be addressed in this WI. These details are addressed in this paper. 
2
Discovery signal design
Supporting efficient interfrequency measurements is a key functionality to enable the offloading to the small cell layer.  It is clear that existence of the ON/OFF feature and related discovery signal should not complicate the UE measurements too much nor increase the battery consumption significantly. This means that the UE should know when to search for cells from the small cell layer with a search period that is not too frequent. On the small cell layer, where cells may perform ON/OFF, there will be a mixture of cells sending legacy RS and discovery signals, and as the cells may turn ON/OFF independently, the RS sent by a cell changes from legacy signals to discovery signals and back. The legacy signal is designed such that when UE measures with 6ms measurement period, there will be at least one PSS/SSS occurrence from every cell during any 6ms period as the PSS/SSS sequence is present in subframes #0 and #5. The UE can select a few good quality cells for further processing based on some number of measurement trials. In an ideal case, a discovery burst or legacy signal PSS/SSS should be present from all cells when a UE makes the scanning. This is illustrated in Figure 1. Of course, it is enough if the discovery bursts are within the measurement period and in case the discovery burst is sufficiently shorter than the measurement period, those may be distributed in time to avoid interference between the signals from different cells. 
Observation 1: The detection sequences should be present from all cells to be measured during the detection window. 
Observation 2: With aligned discovery signals all small cells that are potential target cells or interferers after HO may be detected efficiently.
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Figure 1 Illustrating synchronous discovery that enables UE to detect a cell independent of whether it is sending legacy or discovery signal.

However, the requirement of aligned discovery from all small cells has some potential issues. One potential disadvantage is increased interference in certain subframes. In our companion contribution we have evaluated the system level performance of the extreme case of fully aligned discovery [4]. Depending on the discovery pattern and load, the loss from discovery being aligned varies, but there is always gain over baseline. Another aspect is that from macro layer perspective, it is not desirable to have all UEs measuring the small cell layer at the same time as that leads to scheduling restrictions if measurement gaps are needed. To relax that restriction, one possibility is to divide the users needing measurement gaps into two groups who will measure the small cell layer at different times as depicted in Figure 1. The most flexible option from network perspective is of course not to have any restrictions for the discovery synchronicity, but that may lead to long search periods for a UE to be able to catch a cell even once.
Proposal 1: Occurrences of the discovery burst are time aligned between the cells to be measured
From measurement perspective the most straightforward case is that the discovery signals on small cell layer are aligned and follow existing measurement gap patterns. Then, for a UE assigned with measurement gaps it does not make a difference whether it is measuring legacy or discovery signals especially if the signals are similar. This assumption also helps RAN4 with the (possible relaxed) measurement requirements as the current requirements may apply in large parts. Furthermore, cell searching and measurement procedures are decoupled from the actual handover and resulting data transmission process. Therefore, applying the current requirements in the fast ON/OFF small cell scenario seems appropriate. The small cell scenario is relatively static, hence latency finding the cell does not impact the performance and ON/OFF switching can be relatively fast even though cell searching and measurements have latency as such. Especially this is the case when the discovery signal is legacy like and a cell may be detected independent of the state or state switch during the measurement period. It can also be further considered if the ON/OFF state of the cell can be detected from the discovery signals or if some other signalling is needed to identify the state. The knowledge of the state might be relevant to the UE only in case the UE has a connection to the cell, e.g. in case of DRX/DTX or CA or DuCo as discussed in [3]. As discussed also in [4], the explicit indication of neighbour cell state has results in potentially massive signalling load especially when updates are also considered and coordination need between the eNBs. Thus, it should be enough that UE receives knowledge on when to measure and eNB may not need to indicate UE the state of the neighbour cells to be measured via signalling.
Observation 3: should be enough that UE receives knowledge on when to measure and eNB may not need to indicate UE the state of the neighbour cells to be measured via signalling.
2.1 Discovery burst design 

Another aspect to the discovery signal design is the burst design itself. From simplicity perspective, it would be desirable that the cell search is based on the same sequences for the discovery signal as in the legacy signals. Otherwise UE needs to scan the received signal twice with different assumptions. 
One of the first aspects to consider in the DRS burst design is the quality of the achievable timing estimate. The Appendix of this document depicts autocorrelation of time domain signals generated from various LTE signals. The studied candidates are PSS, CRS, CSI-RS and PRS. It can be observed that existing PSS provides relatively good autocorrelation function where the second strongest peaks are relatively low. This property is desirable for reliable timing detection. The CRS signal is already considerably worse and CSI-RS can not be used at all. The risk of confusing the timing is clear. The PRS signal might be slightly better than the PSS in terms of autocorrelation. On the other hand, there are just more Res that are used. The configuration in this study did span the 6 PRB width in frequency. One other aspect that may impact the design includes the effect of expected frequency error. Good autocorrelation properties could also mean better tolerance against frequency error.  

The cell identification on an estimated timing is currently based on SSS and the tree structure of the cell ID definition between the PSS and SSS simplifies the cell ID search. Also, especially for FDD, SSS may be detected coherently as channel frequency response estimated from PSS may be used. In general the PSS/SSS combination is known to work efficiently and different design should be justified by clear improvements. The assumed small cell scenario compresses high power cells into small geographical cluster. Hence, this setup may be more demanding in terms of interference as compared to the earlier ones. The performance of the cell search mainly depends on the auto and cross correlation of the discovery signals. The first option is to use non-orthogonal pseudo random sequences like the SSS signals today. The second option is to attempt to orthogonalize signals from different cells. If the scenario assumes that cells e.g. from one cluster would be synchronous inside CP timing, the orthogonal signals may be considered as an alternative conditioned that the timing is already known. Otherwise the pseudo random signals are most likely a better choice. The orthogonal signals may perform well inside the synchronous orthogonal group (e.g. the cluster) but performance of for example CSI-RS like FDM/TDM signals suffer when colliding with the same code in neighbour group. Sometimes power boosting is proposed as a complementary solution with FDM/TDM but if all clusters are boosting power, the gain is lost. Power boosting may improve performance against thermal noise if other cells are outside range though. 

Hence, further study is needed whether new design of synchronization signals can outperform the current one.
Observation 4: the existing PSS/SSS seem to be well suited for the timing search of cells as well as for cell indentification and should be considered as part of discovery signal.
One option to improve the performance of pseudo random sequences is to simply use longer sequences. This modification could be used to mitigate the more demanding interference conditions and if the discovery signal has longer periodicity than the legacy PSS/SSS, some enhancements like having extra PSS/SSS symbols or sequences could help to keep cell searching times closer to current ones. The CRS or CRS like REs could still be the natural choice for RSRP measurement purposes. The legacy like CRS assumption together with the aligned discovery assumptions simplifies RAN4 task to make performance requirements for measurements of DTX layer. 

Proposal 2: PSS/SSS/CRS based cell search sequences are preferred and totally different designs should prove benefits over PSS/SSS/CRS based discovery.
In the current system the FDD and TDD frame structures can be identified based on the locations of the PSS/SSS. Similarly, a discovery burst can be detected by the UE if a specific offset is assigned between the PSS/SSS. This could be useful in that the UE may then tag the measurement reports such that the serving cell knows the current state of the measured cells. This separation also avoids legacy users detecting an OFF cell. Furthermore, settling of AGC before burst processing may require additional preamble of signal because continuous signal level is no longer available.

Proposal 3: In addition to measurement requirements, discovery burst should enable settling of AGC before burst processing.
3 
Conclusions

In this contribution we have discussed and given our view on discovery signal design.Our observation and conclusions are as follows:

Observation 1: The detection sequences should be present from all cells to be measured during the detection window. 

Observation 2: With aligned discovery signals all small cells that are potential target cells or interferers after HO may be detected efficiently.
Observation 3: should be enough that UE receives knowledge on when to measure and eNB may not need to indicate UE the state of the neighbour cells to be measured via signalling.
Proposal 1: Occurrences of the discovery burst are time aligned between the cells to be measured

Observation 4: the existing PSS/SSS seem to be well suited for the timing search of cells as well as for cell identification and should be considered as part of discovery signal.
Proposal 2: PSS/SSS/CRS based cell search sequences are preferred and totally different designs should prove benefits over PSS/SSS/CRS based discovery.

Proposal 3: In addition to measurement requirements, discovery burst should enable settling of AGC before burst processing.
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Appendix. Autocorrelation of various LTE signals
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Figure 2. Autocorrelation of PSS.
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Figure 3. Autocorrelation of CRS.
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Figure 4. Autocorrelation of CSI-RS.
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Figure 5. Autocorrelation of PRS.
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