Page 1

3GPP TSG-RAN WG1 #72bis
R1-130919
Chicago, USA, 15th – 19th April 2013
Source: 
Intel Corporation 
Title:                     
Discussion on small cell discovery operation
Agenda item:
    7.2.5.3.2
Document for:
Discussion/Decision
1 Introduction
In RAN58, a Rel-12 study item was approved for physical layer aspects of small cell enhancements for E-UTRA and E-UTRAN [1]. Since small cell discovery is one of the SI objectives, this contribution, which is revised from [7], discusses the mechanisms for efficient discovery of small cells and their configuration from RAN1 perspective. The initial system level evaluations using existing signals are provided in our companion contribution [8]. 
2  Discussion on small cell discovery study 
Enhanced cell detection methods were discussed in Rel-11 in the Hetnet mobility enhancement SI [2]. One relevant scenario is the offloading of users from the macro to the small cell layer, where the macro layer and small cell layer are on different carrier frequencies. The study focused on a scenario where the macro carrier frequency provides full coverage and the pico cells are deployed on the second carrier frequency for offloading purposes, including means to improve the perceived QoS on hotspot locations [3]. This scenario in the Hetnet mobility enhancement SI is quite similar to the small cell scenario where different frequency bands are separately assigned to the macro cell layer and the small cell layer [4]. 
In order to optimize the data offloading potential from the macro cell to the small cell, we need to understand how efficiently inter-frequency small cell measurements can be performed. The conclusion of the study on inter-frequency small cell discovery in [3] was: “continuously performing measurements according to existing performance requirements results in very high battery consumption without showing significant impact on offloading potential.” The potential solutions in [3] are mainly based on assistant information or relaxed requirements. For example, the solutions are described as relaxed side condition of SCH_RP, SCH Ês/Iot, RSRP and RSRP Ês/Iot, measurements without gap assistance for a CA capable UE, proximity/location information, etc. As discussed in [5], those options themselves might not be optimal since the solutions based on assistant information may not be always available or reliable. Therefore, it is deemed necessary to study a new small cell discovery signal in RAN1.
However, this does not necessarily mean that we should introduce a completely new small cell discovery signal in RAN1. Any solution based on existing signals like PSS/SSS/CRS and additional mechanisms can also be investigated. Some possible exemplary solutions include PSS/SSS-only or CRS-only based measurement, one-shot measurement only within the measurement gap length (6 ms), measurement with larger periodicity, etc. Also, the advanced L1 filtering for measurement may be further considered to provide more accurate measurement results within a given short measurement period. The preliminary system level evaluations using existing signals of PSS/SSS/CRS are presented in our companion contribution [8].
If a new small cell discovery signal is defined, it is desirable to support both legacy and new carrier types. For the new carrier type, there may not be a design constraint as the new carrier does not have to be backward compatible to the legacy carrier. For the legacy carrier, existing MBSFN subframes may be used to transmit small cell discovery signals for backward compatibility, if needed.

Proposal 1: For the study of small cell discovery signals, both existing signals (PSS/SSS/CRS) and new discovery signal should be considered.
It might be also desirable if the discovery signal can provide more signatures to potentially resolve the issue of PCI (Physical Cell ID) collision and confusion, especially for dense small cell deployment scenarios. PCI collision occurs when the same PCI is used by the neighbor cell(s), making them indistinguishable. PCI confusion occurs when the same PCI is used by different small cell clusters and the eNB does not know for which cell the measurement report is intended. It can be studied based on existing signals, discovery signal, or hybrid of existing signals and discovery signals. An example for PCI confusion is shown in Figure 1 where the network cannot know whether the UE detects small cell 0 or 1 having the same PCIs. The additional step would be required to distinguish it (e.g. by obtaining Global cell ID).
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Figure 1 Example of PCI confusion – network cannot distinguish the UE detects small cell 0 or 1
Proposal 2: RAN1 should study solutions to resolve the PCI collision and confusion issues in dense small cell deployment scenarios.

In the email discussion [72-16] after RAN1#72, there were some discussions related to small cell discovery [9]. System level simulations for studying small cell discovery would be needed to effectively reflect the dense small cell deployment. We can use most of the evaluation assumptions as described in the ‘General’ part in [9]. Scenario #2a and #2b can be considered as reference scenarios. 
Both synchronous and asynchronous networks need to be considered in the evaluation. The real physical signal transmission needs to be simulated in the system level simulation. While it may be feasible to simplify the performance evaluation of the measurement by using link-to-system mapping based on the measured SINR in an asynchronous network, the practical measurement units of the signal (e.g., RSRP, RSRQ, etc.) and the practical detector units required to identify the number of detectable cells (e.g., SCH_RP, SCH Ês/Iot, RSRP and RSRP Ês/Iot) need to be integrated in the system level simulation in addition to modeling the propagation delay in a synchronous network in order to reflect the critical signal characteristics (e.g., auto/cross-correlation, sequence type, etc.). To facilitate the use of common methodologies, it is proposed that the link level detection and measurement are directly integrated in the system level simulation.
As an example of the cross-correlation issue in SSS, it has been well known that SSS consisting of two short codes demonstrates bad cross-correlation when one of two codes is common between two cells [10]. Therefore, the performance would depend on cell planning, which needs to be verified by the link level performance embedded in the system level simulation.
Proposal 3: The simulation assumptions for Scenarios #2a and #2b in [9] are the baseline for the evaluations.

Proposal 4: Both synchronous and asynchronous networks should be evaluated with real signal transmission and with propagation delay modeling.

Proposal 5: The detection and measurements using practical algorithms should be directly integrated in the system level simulation.

3 Conclusions
In this contribution, we discussed different aspects of small cell discovery. Based on the discussion, our proposals are summarized as follows:
Proposal 1: For the study of small cell discovery signals, both existing signals (PSS/SSS/CRS) and new discovery signal should be considered.
Proposal 2: RAN1 should study solutions to resolve the PCI collision and confusion issues considering dense small cell deployment scenarios.
Proposal 3: The simulation assumptions for Scenarios #2a and #2b in [9] are the baseline for the evaluations.
Proposal 4: Both synchronous and asynchronous networks should be evaluated with real signal transmission and with propagation delay modeling.

Proposal 5: The detection and measurements using practical algorithms should be directly integrated in the system level simulation.
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