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1
Introduction

In RAN#62, a WI for small cell physical layer was agreed with the following description related to small cell ON/OFF and discovery[1]:

· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

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
Discussion
In addition to measurement configuration and handover procedure, small cell ON/OFF operation may impact at least  cell selection, cell re-selection procedures as well as RRC connection establishment signalling. The impact to these is highly dependent on the overall expected system configuration and used RRM strategy. To progress successfully in the small cell ON/OFF design we believe that RAN2 should evaluate the mentioned aspect as early as possible from their point of view. Thus it is proposed to send LS to RAN2 defining the current RAN1 assumption and requesting RAN2 feedback to support the small cell ON/OFF design. 
Proposal 1: As early as possible send an LS to RAN2 with the current RAN1 assumptions and requesting RAN2 feedback on the small cell ON/OFF design.
The UEs connected to the macro layer need to perform inter-frequency measurements and report accordingly in order for the macro to be able to initiate fast HO to a small cell. As the small cells may be transmitting a discovery signal instead of the legacy RS, it should be possible to efficiently perform the inter-frequency measurements based on the discovery signal. When the ON/OFF feature is deployed, the small cell frequency layer has most likely been planned for capacity and not coverage, and the measurement requirements for small cell layer, legacy RS or discovery can then be relaxed [2]

 REF _Ref378939450 \r \h 
[3]. 
Observation 1: Relaxed measurements requirements should be applied also for the discovery signal.
The details regarding measurement accuracy for a discovery burst falls within RAN4 expertise, but some design principles should be agreed in RAN1 first.
Proposal 2: As early as possible send an LS to RAN4 with the  current RAN1 assumptions and requesting RAN4 feedback to support the discovery signal design.
2
Discovery signal design
Addressing the discovery signal design and enabling offloading from macro layer to small cell layer, there are few design principles to consider. 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. Depending on UE capability, it can select the 3-4 best cells for further processing based on one to a few 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 2: Ideally, the detection sequences are present from all cells nearby during the detection window. 
Observation 3: With (semi) synchronous discovery signals multiple small cells 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 synchronous or semisyncronous discovery from all small cells has some potential disadvantages. One potential disadvantage is the increased interference in certain subframes. In our companion contribution we have evaluated the system level performance of the extreme case of synchronous discovery[4]. Depending on the discovery pattern and load, the loss from discovery being synchronous varies but there is always gain over baseline. Another disadvantage 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 into two groups who will measure the small cell layer at different times as depicted in Figure 1. Another possibility is to have groups of small cells sharing the same periodicities and timings. 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 3: It is preferred to specify the discovery signal with certain periods and offsets so that it is possible to assign (semi) synchronous discovery signals for multiple turned OFF small cells.
The timing of the discovery signal could be preconfigured and tied to the macro SFN. In that way it is enough that the discovery bursts of a group of small cells happen relative to SFN within a measurement period and the macro does not need to monitor each time a small cell turns ON or OFF.   
2.1 Discovery burst design 

Another aspect to the discovery signal design is the burst design. 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 correlators. On the other hand, as the discovery signal has longer periodicity than the legacy PSS/SSS, some enhancements like having extra PSS/SSS sequences could be needed. CRS or CRS like REs are assumed for RSRP measurement purposes.  

Proposal 4: PSS/SSS/CRS based cell search sequences are preferred and totally different designs should prove benefits over PSS/SSS/CRS based discovery.
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 assinged for the PSS/SSS. This can be particularly 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.
3  Measurements 
Supporting efficient interfrequency measurements is a key functionality to enable the offloading to the small cell layer, which exists for offloading purposes. Some UEs need measurement gaps to measure the small cell layer while UEs with dual receivers and IDLE mode UE may measure other frequencies than the serving cell autonomously. Nevertheless, the UE should know when to measure to avoid excessive battery consumption.  From measurement perspective the most straightforward case is that the discovery signal on small cell layer are synchronous 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. However, if the (semi)synchronous discovery pattern is found as non-feasible, other means need to be designed to ensure decent UE requirements. For example, a UE could measure the small cell frequency with short and long measurement windows. The long window would be sort of a maximum measurement period within which one discovery bursts is guaranteed to be present. Both measurement periods are used for cell detection and measurements. However, the long measurement period will allow capturing better all the DTX cells with non-synchronised discovery signals in one shot. This long measurement period is applied only for part of the time. . However, even if in this case the macro does not need to assign all UEs synchronous gap patterns, when measurement gaps are applied, the long measurement period means long scheduling restriction for that particular UE. 

Observation 4: Long measurement period is needed for UE to detect small cells if the discovery bursts are not synchronized and that leads to long scheduling restrictions per UE.
Also the IDLE UEs and the UEs in connected mode that do not need measurement gaps should be informed about when to do the measurements. The system might benefit if IDLE mode users have the possibility to measure the small cell layer at known instances even if they cannot camp on the layer. Having measured the small cell layer enables fast handover to small cell layer as the macro eNB may initiate the handover for a particular cell immediately when the UE requests connection setup. However, it should be up to the UE when and how often it is beneficial to conduct such measurements.

3 
Conclusions

In this contribution we have discussed and given our view on discovery signal design and some related measurement aspects. There seems to be plenty of open issues to be solved together with RAN2. Our observation and conlcusions are as follows:

Observation 1: The relaxed measurements requirements should be applied also for the discovery signal.

Observation 2: Ideally, the detection sequences are present from all cells near by during one detection window. 
Observation 3: With (semi) synchronous discovery signal multiple small cells may be detected efficiently.

Observation 4: Long measurement period is needed for UE to detect small cells if the discovery bursts are not synchronized and that leads to long scheduling restrictions per UE.
Proposal 1: As early as possible send an LS to RAN2 with the current RAN1 assumptions and requesting RAN2 feedback on the small cell ON/OFF design.
Proposal 2: send LS to RAN4 as early as possible defining current RAN1 assumption and requesting RAN4 feedback to support of discovery signal design.
Proposal 3: It is preferred to specify the discovery signal with certain periods and offsets so that it is possible to assign (semi) synchronous discovery signals for multiple turned OFF small cells.
Proposal 4: PSS/SSS based cell search sequences are preferred and totally different designs should prove benefits over PSS/SSS based discovery.
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