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1. Introduction

In RAN1#76bis, the following agreements were reached on radio-interface based synchronization (RIBS) [1]:
Agreement:

· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD
· Other specification impacts are FFS
· Network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded
· Whether standard impact is needed is FFS

· PRS and/or CRS is used as the listening RS for RIBS
· FFS: Down-select of listening RS

· Subframe-level muting is supported for RIBS

· FFS: In RAN1, UE impact of detailed subframe-level muting

In this contribution, we discuss the down selection of the listening RS for RIBS.
2. Down selection of Listening RS
Two schemes based on network listening for synchronization have been captured in the TR for Release-11 TDD Home eNB [6]. The first is network listening in MBSFN subframes as in Fig. 1, where the target cell stops transmitting in a subframe to perform synchronization with the source cell. This method allows multiple hops (up to 4) in the synchronization path. 
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Fig. 1: Network listening using MBSFN subframes [2].
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Fig. 2: Network listening based on CRS tracking during GP in TDD special subframes.

The second approach is based on TDD special subframe listening as shown in Fig. 2. The target cell and the source cell utilize different special subframe configurations, with more OFDM symbols configured in DwPTS by the source cell compared to the target cell. The target cell can then utilize the GP to track common reference signal (CRS) in DwPTS of the source cell without affecting its own transmission.
Thus, current network listening mechanisms are based on the use of CRS. Regarding RIBS in small cell scenarios, the procedure of CRS tracking in MBSFN listening subframes can be re-used at least for FDD networks. In principle, the use of both CRS and PRS together for RIBS can provide the best synchronization performance. Evaluations in [3] also showed that PRS by itself also offers synchronization performance comparable to CRS. However, an important consideration is the impact of small cell on/off switching on the choice of the listening RS. It has been agreed that discovery reference signals (DRS) in OFF state will not include PRS, whereas CRS remains a candidate for DRS. Thus, based on these considerations, CRS alone can constitute the listening RS for RIBS. Regarding the listening RS periodicity, the listening phase is performed relatively infrequently in the time domain, e.g., every hundred radio frames. However, for additional compatibility with on/off switching, the listening RS periodicity can be chosen as a multiple of the DRS periodicity, such that source cells do not have to transmit unnecessarily in OFF state. To summarize, we propose the following.
Proposal 1: CRS is used as the listening RS for RIBS.

Proposal 2: The listening RS subframe periodicity is a multiple of the DRS periodicity.
3. Conclusion
In this contribution, we discussed the down selection and periodicity of the listening RS for RIBS.
Proposal 1: CRS is used as the listening RS for RIBS.

Proposal 2: The listening RS subframe periodicity is a multiple of the DRS periodicity.
References
[1] RAN1#76bis, Chairman’s Notes, Shenzhen, April 2014.
[2] 3GPP TR 36.922 (v10.0.0), TDD Home eNode B (HeNB) Radio Frequency (RF) requirements analysis.

[3] 3GPP TR 36.872, “Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects (Release 12),”.


