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1 
Introduction
In RAN4#63, “LS on the RS for additional carrier types for carrier aggregation enhancement” from RAN1 [1], has been discussed extensively in RAN4 [2-4]. But no consensus was reached in the last meeting and more analysis needed in this coming meeting [5]

In this contribution, the bandwidth of NCT reduced CRS is discussed from both the demodulation and RRM perspective. 
2 
Summary of RAN1 LS
RAN1 LS [1] is quoted below:

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.

RAN1 would like to seek guidance from RAN4 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?

3 Impact of NCT reduced CRSs on the demodulation performance
It has been shown in [6] that the reduced measurement bandwidth of CRS for NCT significantly degraded frequency tracking performance, e.g. the larger residual carrier frequency offset.  In [6], the residual frequency offsets CDF were provided. As an example, the frequency offset can be limited between ±100Hz with 90% probability in case the CRS measurement bandwidth is 50RB. If the CRS measurement bandwidth is reduced to 6RB, the maximum frequency offset is increased to ±300Hz with 90% probability. In this section, we evaluate the impact of residual carrier frequency offset on the demodulation performance in case of NCT reduced CRSs. 
The simulation assumptions are given in the table below. 

Table 1 Simulation assumption for demodulation performance
	Parameter
	Value

	Carrier Frequency
	2GHz

	System Bandwidth
	10MHz

	Transmission Mode
	2

	Channel Model
	EVA 5Hz

	Frequency Offset 
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Fig1. BLER simulation results

Observation 1: The BLER demodulation performance with 6RB CRS is significantly degraded compared to the case with 50RB CRS because of a larger frequency offset. For example, when SNR=0, about 1dB performance degradation is observed.
4 Impact of NCT reduced CRSs on RRM

In this section, we also address the impact of NCT from RRM perspective, e.g. RSRP and RSRQ accuracy requirements. 
RSRP related requirements

From RSRP simulation results in [4], the 6RB CRS measurement bandwidth is assumed and the minimum RSRP measurement requirements can be satisfied. However, the reducing bandwidth of CRS may increase the measurement window in time direction as well as the power consumption accordingly. For instance, in case of 6RB measurement bandwidth more measurement samples per a reporting period needed in comparison with wider measurement bandwidth, e.g.50RBs, in order to guarantee the minimum RSRP measurement accuracy requirement,. Therefore UE DRX operations will be limited within a shorter range, e.g. less than 100ms. 
In order to evaluate the impact of NCT on RRM measurement, some link level simulation results of RSRP are provided here. Moreover, multiple options for the number of measurement samples per period are included. 
Table 2 Simulation assumption for RSRP 
	Propagation conditions
	AWGN

	SNR
	-10 dB to +3 dB

	System Bandwidth
	50RBs

	Measurement Bandwidth
	6 RBs / 50RBs

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2

	Antenna Correlation
	Independent Fading

	Measurement Report Period
	200 ms

	Number of Samples per Measurement Report Period
	4, spaced by 50 ms
1, spaced by 200 ms

	L3 filtering
	None

	DRX
	None


The results of the relative RSRP measurement accuracy are summarized in Table 3 also. 
Table 3: Summary relative RSRP accuracy results 
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From the results above we can see:

Observation 2: To maintain the measurement sampling rate low at low Ior/Ioc, the reduced bandwidth CRS of NCT is NOT sufficient to meet the minimum RSRP accuracy requirement. By increasing measurement bandwidth, the measurement sampling rate can be effectively reduced. From the power consumption perspective, the longer DRX is always desired. 
RSRQ related requirements

RSRQ with narrow measurement bandwidth was extensively discussed [8] in RAN4. The narrow measurement bandwidth will result in RSRQ inaccuracy in some deployment scenarios, e.g. HeNet due to partial co-channel deployment. This gap results in the inaccurate interference (RSSI) measurement consequently. 
Moreover, regarding to the specific measurement events for CA, e.g. event A6, the incorrect measurement of RSRQ of SCC in the serving cell will result in the unnecessary handover of SCells. In the figure below, a typical deployment of NCT in which such inaccurate RSSI and RSRQ happened is given. For PCC with legacy carrier type the measurement bandwidth can be configurable to avoid the gap between the two neighbour cells’ carriers. But for SCC with the new carrier type can guarantee the correct RSRQ unless the wider band CRS supported.  
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Fig 3. A typical scenario for NCT measurement
5 
Conclusion
In this contribution we provide our views on bandwidth of the reduced CRS for NCT. Based on our studies and evaluation, we believe that the wider measurement bandwidth is more preferable. 
Proposal 1: From both the power consumption and demodulation performance perspectives, CRSs with wider bandwidth is more preferable. 
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Fig4 . CDF vs. Residual carrier frequency offset (Hz)[6]
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