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1   Introduction
RAN1 is discussing physical layer enhancements to small cells, including potential mechanisms for efficient discovery of small cells [1].  In this document, we highlight some small cell discovery aspects. 

2   Discussion

The cell discovery procedure for LTE Rel8/9/10/11 is based on a primary synchronization signal (PSS) and a secondary synchronization signal (SSS) from which the UE acquires PCID, slot timing and CP length. In Rel-11 and Rel-12, several proposals have been made to support new discovery mechanisms for small cells motivated by: 
1. Reduced UE power consumption for inter-frequency cell identification and measurement (e.g. [2,3])

2. Support for a dormant state for small cells, where, in the dormant state, the cell transmits a longer periodicity discovery signal (e.g. [4]). 
3. Reduced susceptibility to issues such as ‘pilot pollution’, ‘pilot collision’ and ‘pilot confusion’ all of which are more prevalent in very high density small cell scenarios compared to the current cell acquisition design due to its PSS/SSS structure and its limited number of supported PCIDs. So, a new discovery signal that is more robust for such scenarios may be useful (e.g. [3,5]).
UE power consumption

In LTE Rel-8/9/10/11, each measurement gap instance allows a UE to perform inter-frequency measurements within 6ms. Thus, if the UE needs to detect a large number of small cells deployed on another layer, it would have to spend considerable resources (e.g. measurement gaps, battery resources, etc) for the detection. Unlike regular inter-frequency measurements which are performed only when required (e.g., when UE is at cell edge, when there is a need for load-balancing and another frequency layer is available etc.), for small cells, the measurements have to be configured fairly regularly to enable offloading. This could have a detrimental impact on UE power consumption. This aspect was discussed at length in RAN2 Hetnet mobility SI and a number of techniques were identified (TR 36.839). One of the identified techniques is to support a new discovery signal that can enable UEs to detect many cells within a short time window (e.g. a single measurement gap instance). 

Dormant/active state

RAN1 is also considering cell dormancy in the context of the new carrier type (NCT) discussion. If there is no traffic to be served within a cell, the cell can be in a dormant state minimizing its activity (e.g. over-the air transmissions, etc.) and when there is traffic to be served, the cell transitions to an active state where it does normal transmissions and serve the traffic in the cell. However, in the dormant state, the cell may be transmitting some minimum signalling with a longer periodicity (e.g. sent once every 100ms) that would allow a UE to infer its presence and take necessary action (e.g. wake up the cell). This could be facilitated via the new discovery mechanism. In the active state, since the cell is doing regular transmissions (e.g. per the Rel-8/9/10/11 PSS/SSS/CRS, etc), those signals may be adequate for a UE to infer the cell’s presence. However, even for active cells, there may be cases (e.g. inter-frequency measurements, etc) where a low-duty cycle signalling (in addition to the existing PSS/SSS/CRS, etc) would allow UEs to more efficiently detect the cell. 
Pilot pollution/collision/confusion
In LTE, the number of PCIDs is limited to 504. Due to this, the current cell acquisition design may be susceptible to ‘pilot confusion’ or even ‘pilot collision’ in a network with a very high density of small cells. Also, due to the high density, PSS/SSS from multiple cells are more likely to collide resulting in ‘pilot pollution’. A new discovery mechanism that is more robust for such scenarios may be useful (e.g. [3,5]).
Proposal 1: Discovery mechanism for small cells should facilitate reduced UE power consumption for inter-frequency measurements, support a dormant state (if agreed) for small cells, and allow robust cell detection in dense small cell networks. 
The UE detection capability of PSS+SSS under various propagation and interference conditions has been studied in detail for LTE. Generally the UE is expected to detect PCID with an acceptable false alarm probability after receiving 1 to 4 instances of PSS+SSS, i.e. UE must usually accumulate PSS+SSS transmissions that span a 20ms time duration. Under extreme circumstances the UE may need a much longer accumulation period (e.g. close to 600ms). As discussed earlier, one reason for considering a new discovery signal is to enable a signal that can be transmitted with much longer periodicity (e.g. once every 100ms) than the PSS+SSS transmission periodicity (once every 5ms). Furthermore, it may be desirable to send the discovery signal in both active/dormant states. Given this, the RE positions used for new discovery signal should not overlap the RE positions used for PSS, SSS, PBCH. To avoid unnecessary scheduling restrictions, the new discovery signal should also not overlap the RE positions used for PDCCH, PCFICH and PHICH. Further, only subframes 0,1,5,6 are guaranteed to have DL transmission for TDD. Given this, it is desirable to limit new discovery signal transmission to subframes 0, 5 and the first few symbols of subframes 1 and 6. Considering all the above factors, a discovery structure with 6RB bandwidth may have to span multiple subframes for increased robustness, and if only subframes 0 and 5 are used for discovery signal transmission, the detection time may approach that of PSS+SSS detection. Considering this, at least for 1.4MHz carrier bandwidth case, it seems supporting a separate discovery signal in addition to PSS+SSS may not be very beneficial. For other larger system bandwidths, new discovery signal with larger bandwidth can be considered similar to the positioning reference signal (PRS) case. 

Another aspect of small cell discovery is to consider how a UE starts the new discovery mechanism and the UE behaviour subsequent to discovering a small cell. Both of these aspects may be tied to the RRC connection state of the UE. For instance, for a RRC connected UE, the UE may rely on the serving cell for both discovery (e.g. assistance information and configuration of discovery procedure in the UE) as well as post-discovery behaviour (e.g. actions to take after discovering a small cell). In an RRC idle state, the UE may have to autonomously discover a small cell, and if the dormant state is supported for small cells, the UE behaviour may further depend on the active/dormant state of the discovered cell (e.g. ‘wake up’ the cell if it is dormant). For small cell scenarios 1 and 2, the UE may rely on a macro-cell to detect small cells while connected to the macro-cell. However, for small cell scenario 3, new discovery mechanisms that are only available for RRC connected UEs may not be very useful. 

Proposal 2: It should be discussed whether a new discovery mechanism for small cells is supported by UEs in both RRC connected and RRC idle mode.
3   Conclusions

We propose the following with regards to small cell discovery.  

Proposal 1: Discovery mechanism for small cells should facilitate reduced UE power consumption for inter-frequency measurements, support a dormant state (if agreed) for small cells, and allow robust cell detection in dense small cell networks. 
Proposal 2: It should be discussed whether a new discovery mechanism for small cells is supported by UEs in both RRC connected and RRC idle mode. 
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