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1 Introduction
In RAN1#68bis, the followings were agreed for RS transmission in NCT.
Agreement (at least for the unsynchronised case):

· 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 

· Ask RAN4 for guidance on RRM measurement handling

· BW is FFS until RAN1#69 between one of:

· full system BW

· Objections to removing: CATT, Docomo, Mediatek, Intel, NSN, Nokia, CMCC, Samsung, LG, Qualcomm, MotM, E///, ST-E

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

· Ask RAN4 for guidance on which BW 

· Objections to removing: Fujitsu, HW, HiSi, ALU, ASB, NEC, Docomo, ZTE

· configurable between full system BW and min(system BW, X)

· Objections to removing: HW, HiSi, 

· Inform other WGs

A main motivation of reduced bandwidth for RS is for overhead reduction. This contribution discusses the aspect on reduced bandwidth for RS in new carrier type although the final decision will need to take the feedback into account from RAN4 on bandwidth of CRS for time/frequency tracking performance and RRM measurement [1].
2  Discussion on bandwidth of CRS in NCT
RAN4 recently studied the accuracy of reduced CRS antenna port 0 for time and frequency tracking according to the occupied bandwidth [2]

 REF _Ref339544573 \r \h 
[3][5]. From the simulation results, the larger bandwidth is more attractive in accuracy perspective. This is not only because the more REs are available with larger bandwidth but also because the occupied bandwidth has something to do with timing resolution due to time/frequency duality (i.e. 1/BW). The more bandwidth can offer the more accurate timing tracking resolution. To this end, it was proposed that the reduced RS should occupy the entire system bandwidth.
Another aspect which needs to be considered is RRM measurement and there were some discussions in RAN4 [4]

 REF _Ref339548055 \r \h 
[5][6][7]. In HetNet scenarios, there can be partial co-channel deployment as seen in Figure 1. The gap between two neighbour cells would result in inaccurate interference measurement. The wider band CRS needs to be transmitted to guarantee the accurate RSRQ with new carrier.
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Figure 1 A scenario for NCT measurement (captured from [5])
Observation: The wide bandwidth (e.g. system bandwidth) would be needed for CRS transmission to provide better accuracy of time/frequency tracking and RRM measurement.

3 Reduced CRS in frequency domain
On the other hands, there was a concern on CRS overhead to occupy entire system bandwidth. In this section, we provide a way to further reduce CRS overhead in frequency domain while it practically covers entire system bandwidth.
Figure 2 depicts the reduced CRS in frequency domain with 25RBs in 10MHz system bandwidth. The slot 0 contains 25RBs in upper bands and the slot 1 contains 25RBs in lower bands. With coherent accumulation within a subframe, the resultant RS will cover entire system bandwidth to help the resolution of timing synchronization. Such occupation in entire system bandwidth will also provide frequency diversity gain in frequency selective channel in time/frequency tracking. At last, by covering entire bandwidth, it can also address the issue of RRM measurement as discussed in section 2. In other words, the provided way can further reduce 50% CRS overhead while covering the wide bandwidth.
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Figure 2 Half of system BW is transmitted on upper band in the first slot and last half of system BW is transmitted on lower band in the second slot for CRS – System BW=50RBs (50% overhead reduction compared to transmission with entire system bandwidth)
4 Summary
This contribution discussed the bandwidth for reduced CRS in new carrier. Based on the discussions, it was observed that larger bandwidth seems preferred for RRM measurement as well as time/frequency tracking. On the other side, there was a concern on occupying larger bandwidth in CRS for new carrier. This contribution also provided a way to reduce CRS in frequency domain overhead by 50% further while the entire bandwidth can be covered. Therefore, it is recommended that RAN1 further discusses the solutions for reduced CRS in frequency domain while the entire bandwidth can be covered.
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