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1 Introduction 

In RAN1#68bis, the following agreement was reached for the new carrier type to introduce the reduced CRS:

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)

An LS was sent to RAN4 seeking guidance on the bandwidth of the reduced CRS [1]. After investigation, RAN4 provided the following response [2]:

· 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 provide our views on the bandwidth of reduced CRS based on the feedback from RAN4.
2 Discussion
Based on the response from RAN4 and previous RAN1 agreements, there are three reasonable options left for the bandwidth of the reduced CRS:
· Full system bandwidth always
· Min{system bandwidth, 25 RBs}

· Configurable between full system BW and min(system BW, 25 RBs)
Although full system bandwidth could improve time/frequency tracking performance and RRM measurement accuracy, reduced CRS with 25 RBs can already satisfy the minimum RRM measurement requirement. Given that the UEs are only mandated to satisfy the minimum requirements, having full system bandwidth does not provide much practical benefit unless the minimum requirements are tightened further. There does not seem to be any point in providing additional wider bandwidth reference signals if the UEs will in practice never use them because they can meet the minimum requirements using a smaller bandwidth. 
On the other hand, min{system bandwidth, 25 RBs} provides some benefits for system bandwidth larger than 25 RBs, while not violating the minimum requirements. It has (marginally) reduced overhead and may increase energy saving possibilities in some implementations. More importantly, it reduces inter-cell interference from CRS, which can be beneficial for inter-cell interference coordination.
Making the reduced CRS bandwidth configurable between full system BW and min(system BW, 25 RBs) would give the flexibility to the eNB vendors to choose the preferred operating mode. The drawback would be additional specification impact to support the configuration signalling. 
Therefore we propose:
· Proposal: adopt min{system bandwidth, 25 RBs} as the bandwidth for the reduced CRS on NCT.
3 Conclusions
In this contribution, we observe the following:

· the minimum performance requirements are met with a bandwidth of 25 RBs for the reduced CRS on NCT;

· there does not seem to be any point in providing wider bandwidth reference signals if the UEs will in practice never use them because they can meet the minimum requirements using a smaller bandwidth;

· there are benefits for system bandwidth >25 RBs if the reduced CRS BW is not increased beyond 25 RBs.

Therefore we propose the following: 
· Proposal: adopt min{system bandwidth, 25 RBs} as the bandwidth for the reduced CRS on NCT.
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