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1 Introduction
In RAN1#68bis, a RAN1 LS [1] was sent to RAN4 on the RS for additional carrier types for carrier aggregation enhancement. The LS informs RAN4 that RAN1 has reached the following agreements:

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)

Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.

The LS requests RAN4’s inputs on the following issues:

· From the perspective of time and frequency tracking accuracy, which bandwidth (as listed in the agreement above) is considered as sufficient?

· How should the RRM measurements be handled for the new carrier type?

· If the RRM measurements are performed based on the RS port described above, which bandwidth (as listed in the agreement above) is considered as sufficient?

In RAN4#64bis, RAN4 tried to reach consensus on the LS reply but no success was achieved. In this contribution, we express our views on the issue of the transmission bandwidth of the reduced CRS in NCT. 
2 Discussion
In RAN4#64bis, there were two WFs on the transmission bandwidth of CRS for NCT [2,3]. They represent two opinions on this issue.
Opinion 1: Full system bandwidth. This opinion is supported mainly based on the following reasons:

· Reduced CRS will be transmitted with longer periodicity (every 5ms) than legacy CRS (every 1ms);

· Transmitting CRS in full system bandwidth leads to better performance in UE time/frequency tracking and RRM measurements;

· On-going discussion in RAN4 of RSRQ measurements indicated that wider measurement bandwidth (>6RBs) may be needed for RSRQ measurements for some deployment scenarios.
Opinion 2: Partial system bandwidth, i.e. min(system BW, X) where X is 25 RBs for system BW >= 5MHz. This opinion is supported mainly due to the following reasons: 
· Less CRS overhead;

· Current UE only uses 6RBs for RSRP/RSRQ measurements; 
· Benefits of sending CRS over on the whole bandwidth for wider carrier bandwidth, say 20MHz bandwidth, is not clear.
Besides the views presented above, we have the following observations:
· Reduction of CRS overhead in NCT: The reduction of CRS overhead in NCT has been quite a lot based on the current agreements. That is, the periodicity is lengthened from 1ms to 5ms, and the number of CRS port is limited to 1. If 2- or 4-port CRS is taken as the reference in a legacy carrier, the CRS overhead in NCT has been reduced to 1/10 or 1/15 compared with a legacy carrier. More specifically, the CRS overheads are 16/(12*14) = 9.5% and 14.3% for a 2- and 4-port CRS legacy carrier, respectively, while it is simply 0.95% in NCT even for full band transmission. RAN4 found that 25 or more PRBs are needed to avoid any performance impact, which means a maximal additional saving of 0.95%*(1-25/100)=0.71% is only for the 100RB (20MHz) case, and 0.475% for 50PRB or 10MHz case. Thus, further reduction in overhead should be unnecessary. 
· Impacts to CRS related implementations: It is desirable that UE implementations in legacy carriers can be reused in NCT. The CRS serves several purposes such as channel estimation at demodulation, CSI measurement & feedback, time/frequency tracking, etc. If CRS is not transmitted over full band in NCT, some implementations based on full bandwidth CRS in earlier releases may need to be modified. 
· CRS IC: If CRS transmission is not in full band, then implementation of CRS IC is dependent on the location of the PRB pairs in the frequency domain. Moreover, if the CRS bandwidth is configurable, a UE doing CRS IC will need to either detect the CRS bandwidths of the interfering cells or receive the configurations from higher layers. 
· EPDCCH: In RAN1#70, it was agreed that supported aggregation levels for EPDCCH are larger if the available RE number is less than Xthreshold [4]. A common understanding is that the available RE number includes REs except those reserved for DM-RS, CRS, NZP CSI-RS, ZP CSI-RS and legacy control region. Thus, non-full band CRS transmission leads to the consequence that the supported EPDCCH aggregation levels differ in different frequency regions. 
· Time-frequency tracking performance: The performance of time/frequency tracking depends on the CRS bandwidth. It can be observed from companies’ simulation results that even 25 RBs still has noticeable performance loss comparing with 50RBs. 
Based on the above discussion, we recommend full bandwidth of CRS for NCT. 
3 Conclusion
In this contribution, our views on reduced CRS bandwidth in NCT were presented. We had the following observations and proposal:
Observation 1: Reduction of CRS overhead in NCT has been quite a lot based on the current agreements. Further overhead reduction by reducing transmission bandwidth is not necessary.

Observation 2: Some implementations based on full bandwidth CRS in earlier releases may need to be modified if CRS is non-full band in NCT.

Observation 3: Implementation of CRS IC is dependent on the location of the PRB pairs in the frequency domain if CRS transmission is not in full band. Moreover, if the CRS bandwidth is configurable, this configuration of the interfering cell is needed for CRS IC.

Observation 4: Non-full band CRS transmission leads to the consequence that the supported EPDCCH aggregation levels differ in different frequency regions.
Observation 5: Performance loss of time/frequency tracking is noticeable for non-full band CRS transmission.

Proposal: Full bandwidth CRS is adopted for NCT.
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