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1 Introduction
In RAN1 #68bis, it was agreed that reduced CRS (RCRS) with 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity is transmitted at least for the unsynchronized NCT. The RCRS is mainly designed for time/frequency tracking and RRM measurements. However, the bandwidth and the transmission subframes of the RCRS have not been decided.

In this contribution, we discuss the detail of the RCRS transmission on NCT.
2 Discussion
Subframe configuration of the RCRS

For the RCRS transmission on NCT, it is agreed that a periodicity of 5ms is adopted. However, it is an open question on the time domain resource for the RCRS, i.e. the following two options can be considered for the subframe configuration of the RCRS:

· Option 1: The subframe of the RCRS on NCT is fixed, e.g. in subframes #0/5
· Option 2: The subframe of the RCRS on NCT is configurable
Option 1 is a simple design which can be applied to both FDD and TDD. Considering that only subframes #0/1/5/6 are the common DL subframes in each TDD UL/DL configuration and the subframes #1/6 are special subframes which may not have enough DL OFDM symbols to transmit the RCRS, subframes #0/5 shall be the direct and common solution for both FDD and TDD. Fixed RCRS transmission subframe can help the UE to improve the time/frequency synchronization accuracy for MIB and SIB reception. 
The advantage of option 2 is the reduction of inter-cell interference on RCRS by allowing more flexible RCRS configurations in time domain. However, for standalone NCT, a UE needs to be aware of the time location of the RCRS in order to improve the time/frequency synchronization accuracy for receiving system information carried on PDSCH. Hence, option 2 may not be suitable for standalone NCT. 
Considering it should be aimed to apply the same designs for non-standalone NCT and standalone NCT, we have the following proposal:

Proposal 1: The subframes of RCRS on NCT shall be fixed in subframes #0/5.
Bandwidth configuration of the RCRS
Although RAN4 has no consensus on the bandwidth of RCRS, the improvements on time/frequency tracking performance and accuracy of RRM measurements with full system bandwidth RCRS have been confirmed. 
The simulation in [2] (shown in appendix) shows that for both time and frequency tracking, RCRS transmitted in full system bandwidth can provide better performance than RCRS transmitted in partial bandwidth.
Simulation results of RSRP measurement on NCT in [3] also show that there is significant performance gain with full system bandwidth RCRS than partial bandwidth RCRS. Furthermore, RCRS can achieve better RRM measurement than CSI-RS, since CSI-RS has lower density in both time and frequency domains compared to RCRS.
Considering the time/frequency tracking performance and accuracy of RRM measurements, we have the following proposals:

Proposal 2: RCRS should be always transmitted on NCT.
Proposal 3: Full system bandwidth RCRS should be transmitted on NCT.
3 Conclusions

This contribution shows our views on the design of RCRS on NCT, with the following proposals:
Proposal 1: The subframes of RCRS on NCT shall be fixed in subframes #0/5.
Proposal 2: RCRS should be always transmitted on NCT.
Proposal 3: Full system bandwidth RCRS should be transmitted on NCT.
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Figure 1: Time synchronization performance
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Figure 2: Frequency synchronization performance
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