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1 Introduction 
In Rel-11 New Carrier Type (NCT) section of previous RAN1 meetings, the time and frequency tracking reference signal (Reduced CRS) designed for the NCT was widely discussed. In RAN1#68bis meeting, the following agreements were reached for the NCT to introduce the Reduced CRS [1]:

Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):
· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X)
Regarding the bandwidth of Reduced CRS for time and frequency tracking and RRM measurement performance, RAN1 sent the LS [2] to RAN4 for guidance. After discussion, RAN4 provided the following reply [3]:
· Observations 

· For system bandwidth up to 25 RBs, 

· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity

· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity

· For system bandwidth larger than 25 RBs, 

· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy

· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement

· Conclusions:

· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy

· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient 
In this contribution, we will discuss the detail designs of the Reduced CRS according to the RAN4’s guidance and provide our suggestions.
2 Discussion
2.1 Reduced CRS bandwidth
According to the LS response from RAN4 on Reduced CRS bandwidth, it is beneficial for the time and frequency tracking performance and RRM measurement accuracy if full system bandwidth Reduced CRS is adopted for the NCT. For system bandwidth up to 25RBs, the full bandwidth Reduced CRS is essential. For the system bandwidth lager than 25RBs, there was no consensus in RAN4 on whether bandwidths lower than full bandwidth are sufficient. Thus, considering improving the spectral efficiency, a minimum value of 25RBs and system bandwidth for Reduced CRS bandwidth may be a good option. However, the additional Reduced CRS overhead for supporting full bandwidth is negligible, in other words, even if the Reduced CRS bandwidth is the minimum value of 25RBs and system bandwidth, the throughput performance gain from Reduced CRS overhead reduction is marginal. And considering the RAN4’ conclusion, in order to improve time tracking, frequency tracking performances and RRM measurements accuracy, we propose that the Reduced CRS should be transmitted on the full system bandwidth for the NCT.
Proposal 1: The Reduced CRS should be transmitted on the full system bandwidth for the NCT.
2.2 Reduced CRS transmitted subframes
Until now, the exact subframes for Reduced CRS transmission are not determined. Hence, we will discuss the subframes which can be configured for Reduced CRS transmission in a radio frame. Obviously, there are two solutions to determine the subframes for Reduced CRS transmission, one is static configuration solution and the other is semi-static configuration solution. For the static configuration solution, the Reduced CRS will be transmitted in the predefined subframes, e.g. #0&5, #1&#6 and so on. This solution is very simple for eNB and UE and don not require additional signalling. However, the Reduced CRS may be interfered by the neighbour cell’s Reduced CRS due to the Reduced CRS collision and the performance may be degraded. For semi-static configuration solution, the Reduced CRS will be transmitted on the subframes which can be configured by the RRC signalling independently for different cells. In other words, the Reduced CRS subframe offset can be applied in different cells. Thus, the adjacent cells can be configured different Reduced CRS subframes and the interference can be mitigated by avoiding the Reduced CRS collision. Moreover, this solution is more flexible and may avoid the collision between Reduced CRS and new location of PSS/SSS.
Therefore, we have the following proposal:
Proposal 2: The Reduced CRS subframe offset should be supported for the NCT.
2.3 Reduced CRS frequency shift
In Rel-8, the cell specific frequency shift for CRS is given 
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[4]. Thus this frequency shift can avoid collisions between CRSs of neighbor cells via assigning proper physical-layer cell identities to neighboring cells. In the section 2.2, we also proposed that Reduced CRS should support subframe offset to avoid the Reduced CRS collision to mitigate the interference. However, considering the Reduced CRS transmitted every 5 ms, so there are most 5 cells can be coordinated by configuring different subframes for Reduced CRS for FDD. For TDD, the Reduced CRS collision is more severe since only the DL subframes can be configured for Reduced CRS transmission. So the number of coordinated cells by Reduced CRS subframe offset is limited. Moreover, the small cell deployment is the typical application scenario for NCT. For the dense scenarios, there are many cells need to be considered to coordinate the Reduced CRS configuration to mitigate the interference. Therefore, it is necessary to apply cell specific frequency and subframe offset simultaneously to avoid the Reduced CRS collision. Furthermore, the cell specific frequency shift for Reduced CRS is benefit for coordination between NCT and BCT.
Therefore, we propose that:

Proposal 3: The Rel-8 cell specific frequency shift for CRS should be adopted for Reduced CRS for the NCT.

2.4 Other issues

In Rel-11, the CRS shall only be transmitted in the non-MBSFN region of the MBSFN subframe. Therefore, there is a straightforward way that the Reduced CRS is also only transmitted in the non-MBSFN region of the MBSFN subframe. Moreover, according to the current agreements, the Reduced CRS is one RS port within one subframe with 5 ms periodicity and the one RS port consists of the Rel-8 CRS port 0 Res per PRB and Rel-8 sequence. Considering the antenna port 0 is used for CRS, the new antenna port should be defined for the Reduced CRS.
Proposal 4: The new antenna port should be defined for the Reduced CRS for the NCT.
3 Conclusion

In this contribution, we discuss the detail designs for Reduced CRS and we kindly suggest that RAN1 agree on the following proposals:
Proposal 1: The Reduced CRS should be transmitted on the full system bandwidth for the NCT.
Proposal 2: The Reduced CRS subframe offset should be supported for the NCT.
Proposal 3: The Rel-8 cell specific frequency shift for CRS should be adopted for Reduced CRS for the NCT.
Proposal 4: The new antenna port should be defined for the Reduced CRS for the NCT.
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