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1
Introduction
Small cell physical layer enhancements Study Item was concluded after the decisions in 3GPP RAN WG1 meeting #75 and the RAN#62. One of the topics discussed intensively is the small cell on/off operation: the basic idea is to facilitate on/off switching of the small cells to e.g. reduce network energy consumption as well as interference during the times when the network load is low. Following the study item outcome, the work item Small Cell Enhancements –Physical Layer Aspects [1] was agreed in RAN#62. As one part of the work, following aspects related to small cell on/off should be specified:

· 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.

Also according to the conclusion in RAN1#74bis, the existing RAN3 solution in the starting point for possible enhancement related to small cell semi-static on/off. Thus, the existing solutions set the comparison point for any enhancements to be considered. Further progress was made in RAN1#76bis, where the following was agreed.
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

This contribution focuses on the structure and the use cases for discovery signals.
2
Discovery signals and measurements
As discussed in [2], further RAN1 work related to small cell on/off operation shall mainly focus on discovery signals and the related measurements. The main questions regarding discovery signals that are to be answered in the 3GPP include: 

· What shall the discovery signals be used for?
· What is the physical structure of the discovery signals?

· How do the discovery signals interact with legacy (Rel-11 and earlier) UEs? 

It should be also noted that the questions above are interrelated: the purpose of the discovery signals determines to a large extent also requirements for the structure of the discovery signal. In the following we discuss briefly the above options and the main alternatives related to those.

2.1 What shall the discovery signals be used for?
According to the agreement from RAN1#74bis, No new idle mode UE behavior in Rel-12 small cell enh. WI. This means the work on discovery shall focus on RRC_Connected UEs. It may also be assumed that a coverage layer, which is not performing ON/OFF shall be present. Furthermore, the agreement “Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure” implies that the small cell layer is synchronized. Finally, according to the agreement from RAN1#76bis, the DS should also support transmission point identification in e.g. shared Cell ID scenario.
The in line with the present agreements, the main purposes of the discovery signals can therefore be summarized as follows:

· PCI acquisition / cell selection: This is obviously the direct outcome from any cell discovery procedure. PCI identifies the cell locally. Based on the DS the UE should be able to perform RRM measurement necessary for cell selection (handover decisions etc.).
· Decisions on dormant/active cells: The RRM measurement reports (containing RSRP/RSRQ of the detected cells) can assist the network in deciding which of the dormant cells to turn on and when to facilitate network energy efficiency and interference reduction.

· Transmission point identification: One scenario raised by some companies is the so called “Single Cell ID” operation with multiple Transmission Points. A similar setting is well known for Rel-11 CoMP discussions as the “CoMP Scenario 4”. This scenario can be characterized as having multiple Transmission Points (TP) at (potentially) different physical locations sharing the same Physical Cell ID (PCI). The TPs appear in to the UEs in the cell as CSI-RS resources, and in addition to the conventional CRS-based RRM measurements (namely RSRP and RSRQ), the UE might also benefit from being able to perform RRM measurements based on CSI-RS to assist the network in selecting the preferred transmission point within the cell. 
Furthermore, both intra- and inter-frequency cases need to be considered. 

The scenario in which the UE needs to perform RRM measurements based on discovery signals (DS) may comprise three types of cells even on the same frequency layer (See Figure 1 below):

1. Legacy cells not applying ON/OFF and not transmitting any discovery signals (apart from PSS/SSS/CRS)
2. Rel-12 cells transmitting discovery signals and that are turned OFF 

3. Rel-12 cells transmitting discovery signals and that are turned ON 
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Figure 1. Three types of cells exist from UE discovery / RRM measurement point of view.

The UE should report to the eNodeB the RRM measurements (namely RSRP & RSRQ) that are needed for making the decision on which cell the UE should be handed over to, or in the case of carrier aggregation, which cell(s) should be configured to the UE as an SCell. Therefore it is apparent the structure of the DS should be such that is allows for the network to obtain the relevant information for decision making. To be precise, the RRM measurements based on DS should be comparable with the RRM based on legacy PSS/SSS/CRS in terms of accuracy and e.g. the interference they reflect. Furthermore, introduction of DS should impact the complexity of cell search and RRM measurements / reporting as little as possible.

Observation #1: Discovery signals should ensure simple and efficient discovery operation also in the presence of legacy cells not transmitting any DS.  
2.2 What is the physical structure of the discovery signals?
In LTE Releases up to and including Release 11, the cell discovery operation (i.e. synchronization, cell search and RRM measurements) are based on PSS/SSS (Primary / Secondary Synchronization Signal) and CRS (Cell-specific (i.e. Common) Reference Signal). As discussed above, in Rel-12 transmission point identification may be considered in addition. Therefore, discovery process can be considered to have three distinct steps:
Step 1: Acquiring synchronization and PCI: In line with the agreement from RAN1#76bis (“A DRS comprises following signals Both PSS and SSS are transmitted”) , based on PSS/SSS signals, the UE first acquires time and frequency synchronization. The PSS/SSS also allow the UE to know the PCI of the measured cell – there is a one-to one mapping between PCI and a pair of PSS and SSS sequences. After this step, the UE has verified the detection of the cell, but does not yet have the measurement result of the cell.

Results presented in e.g. [3] show that sufficient cell discovery performance is achieved with current PSS/SSS structure even when dormancy is not applied (i.e. legacy signal interference is present) with rather modest averaging in time. The discovery performance can be further improved with e.g. PSS/SSS/CRS IC. Hence, for small cells in ON state further enhancements are not required and we can thereby conclude that the potential discovery enhancements can be restricted to small cells in the dormant state. Furthermore, as the existing PSS/SSS/CRS structure has been shown to provide sufficient cell discovery performance even when small cell on/off is not applied, it should be more than sufficient in the case of small cell dormancy, as the overall interference level should naturally be lower than in the scenario where the each small cell is on all the time. 

Step 2: Measuring RSRP/RSRQ of the cell: In the current LTE releases, from the PCI, the UE can determine the transmitted CRS ports and their time/frequency locations. The CRS then allow the UE to do the RRM measurements (i.e. RSRP/RSRQ). After this step, the cell discovery is complete and the UE has the relevant measurement information of the cell to be reported to eNB.
The two-step procedure has been designed to be very robust and allows a UE to detect the cells in an efficient manner. Hence, we see it as natural to base the design of discovery signal during dormant period on the existing PSS/SSS/CRS. A signal similar to PSS/SSS will be inevitably needed to facilitate synchronization and PCI acquisition in the inter-frequency cell discovery case (in case PCI is not included in the assistance information), whereas CRS are the simplest option for allowing UE RRM measurements. Considering also that the UE may need to search for and measure legacy cells at the same time, it is apparent that CRS are the preferred baseline for performing RRM measurements.

Step 3: Transmission point identification: As discussed above, there may be a need to identify a transmission point within the cell as well. Here it is important to note that identifying a TP, even a strong one, does not help if the corresponding physical cell is weak. This is natural since CRS are the basis for any LTE operation, and CRS hearability determines e.g. control channel reception, time frequency synch accuracy etc. Obviously, before a UE can (or needs to) “attach” to a transmission point (CSI-RS resource), it needs to select and connect to the associated cell. In order to be able to do that, CRS-based RRM measurements are needed. Therefore we can observe and conclude the following:
Observation #2: CRS-based RRM measurements are a prerequisite for TP identification.
Proposal #1: Discovery signals shall include at least one CRS antenna port to facilitate RRM measurements comparable to existing RSRP/RSRQ.
As for the methodology to enable TP identification, one option is to rely on UL signals, such as SRS, or any other UL signals know the eNodeB. This option does not require any standardization support and can be considered as a baseline solution. 
Observation #3: TP identification based on UL signals does not require any standards changes and should be considered as the baseline.
Alternatively or additionally, one might want to try to optimize the TP identification by doing that based on DL measurements, using CSI-RS. A specific problem in TP identification in such scenario is that the UE may be able to find a large number of transmission points, belonging to various cells. Applying the existing RRM measurement reporting events as such may easily trigger a vast amount of reports that as such causes significant overhead especially in the UL. Furthermore, only knowing the CSI-RSRP/CSI-RSRQ for a TP is not sufficient since large part of the operation in LTE (e.g. control channel reception, data demodulation with many of the transmission modes, fine time/frequency synchronization, cell selection and handover, etc.) is fundamentally based of CRS and physical Cell ID. Therefore, if CSI-RS based RRM measurements are to be supported, it some modifications measurement reporting conditions may need to be considered.  
As for the structure of the discovery signal, the simplest cell discovery enhancement could be to transmit PSS, SSS and potentially CRS in bursts of one or a few subframes, with one burst having the same basic structure as the current LTE subframe including the said signals. In other words, in the simplest form the discovery signal could be equivalent to a snapshot of a one or more subframes of an empty LTE carrier. The advantages of retaining the current PSS/SSS/CRS structures include:

· Existing UE receiver structures can be reused for the most part (making it more probable that all/most UEs support cell discovery of dormant cells. This includes also any interference cancellation designs considered in LTE.) 

· Existing eNB transmitter implementation can be reused since the same signals are transmitted in active and dormant modes.
· Current RAN4 measurement requirements can be reused fully or to a large extent.

· Legacy UEs that are able to detect the cells and report them according to legacy reporting procedures can identify these the cells as well, enabling the network to turn on a small cell also for legacy UEs (but with the needed longer transition time). 
Proposal #2: Further RAN1 studies on discovery signals shall focus on enhancing the discovery of dormant small cells based on bursty transmission of PSS/SSS and CRS signals.  
As discussed above, the fact that some of the small cells are not ON all the time, reduces the overall interference in the network. It is natural that the DS based RRM measurements and cell search should also benefit from this lower interference. Considering that DS based RRM measurements are done over a relatively short period of time (e.g. comparable to the current measurement gap duration of 6 ms), the network should ensure that the transmission of DS for the cells of interest coincides with the measurement period. 

Figure 2 shows one example of how the network can misalign the transmission instances of DS in time to reduce inter-DS interference. Here, DS duration of 1 subframe is assumed for the sake of simplicity. Whether the DS timing needs to be explicitly signalled to the UE can be FFS – in the simplest case it may be sufficient for the UE just to know when to perform the measurements and to report the discovered cells accordingly, without knowing the exact timing of each small cell. 
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Figure 2.Multiplexing of DS in time improves SINR and hence cell detection probability. 
2.3 How do the discovery signals interact with legacy (Rel-11 and earlier) UEs? 
Further point to be discussed is whether the discovery signals during the burst in the dormant period are exactly the same as on a legacy carrier, which would potentially allow the legacy UEs be able to detect the discovery signals. Alternatively, the signals could be slightly modified so that legacy terminals will never detect the discovery signals in OFF state. We note that it has already been agreed that DS shall include both PSS/SSS. Therefore it is possible that a legacy UE may detect them, triggering some RX processing. This is the case regardless of whether CRS or CSI-RS are included into DS. Hence the question becomes: is it beneficial to have CRS transmitted in the DS from legacy point of view or not?

There are pros and cons for either approach.

The advantages for retaining exactly the same discover signals as in legacy releases (i.e. PSS/SSS/CRS) include:

· Legacy UEs that are able to detect the cells and report them according to legacy reporting procedures see the cells just as legacy cells

· Depending on the exact UE implementation, legacy UEs may in the best case even be able to discover and report a cell that is off, which brings the benefits of DS and small cell on/off available for a far larger number of UEs.

· There is no need for the network to indicate the UE whether a cell is in an active (ON) or a dormant (OFF) state – the discovery signals look exactly the same in both states (ON/OFF). 

· Less specification work as the existing specification can be reused
As a conclusion, we do not see any significant issues with keeping the same DS structure as a legacy carrier has, i.e. including PSS/SSS/CRS in the discovery signals. On the contrary, there are certain benefits with this approach as discussed above.
Observation #4: Having CRS as part of DS in addition to PSS/SSS does not have any clear drawbacks. 
3
Conclusion
In this contribution we have discussed various aspects related to small cell ON/OFF and related discovery operation. We make the following proposals and observations:
Observation #1: Discovery signals should ensure simple and efficient discovery operation also in the presence of legacy cells not transmitting any DS.  

Observation #2: CRS-based RRM measurements are a prerequisite for TP identification.
Proposal #1: Discovery signals shall include at least one CRS antenna port to facilitate RRM measurements comparable to existing RSRP/RSRQ.
Observation #3: TP identification based on UL signals does not require any standards changes and should be considered as the baseline.
Proposal #2: Further RAN1 studies on discovery signals shall focus on enhancing the discovery of dormant small cells based on bursty transmission of PSS/SSS and CRS signals.  

Observation #4: Having CRS as part of DS in addition to PSS/SSS does not have any clear drawbacks. 
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