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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]. Based on the discussions, two WF [5][6] in RAN4#64bis are drafted to address this issue. Even though none of them have been agreed, it is still beneficial to capture the commonality among them, which is
· For system bandwidth no less than 5MHz, 6RB CRS bandwidth for NCT is not enough
However, the controversial part is mainly about how exact wide the CRS bandwidth should be for system bandwidth no less than 5MHz. The existing options include

· The same as system bandwidth [5]
· Up to 25RB depending on the system bandwidth [6]
In this contribution, the CRS bandwidth for NCT is discussed from the perspectives of time/frequency synchronization, channel measurement, implementation and CRS overhead.  
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 CRS bandwidth on time/frequency synchronization and the demodulation performance
For system bandwidth no less than 5MHz, a poor time/frequency synchronization performance has been shown [] in case of 6RB CRS bandwidth. The corresponding demodulation performance degradation is also observed in []. However, it is still not clear what the maximum CRS bandwidth should be. From time/frequency synchronization perspective, it would be beneficial to study if the system with up to 25RB CRS bandwidth can achieve the similar and comparable performance as the case where CRS bandwidth is the same as system bandwidth. In case the accuracy is different, how such a difference can be translated into performance gap. 

In this section, two cases are considered and simulated

· Case1 [6]: system bandwidth=100RB, CRS bandwidth=25RB, RB carrying CRS are uniformly distributed along the whole system bandwidth
· Case 2 [5]: system bandwidth=100RB, CRS bandwidth=100RB
The other simulation setup is summarized in the Table A-1 in Appendix. Figure 1 and 2 depict the CDF of residue time and frequency offset between the two cases at low SNR (SNR=-8dB). The high SNR cases are given in Figure 3 and 4.
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Figure 1: Residue frequency offset at SNR=-8dB
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Figure 2: Residue time offset at SNR=-8dB
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Figure 3: Residue frequency offset at SNR=8dB
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Figure 4: Residue time offset at SNR=8dB


The 90-percentile of the residue time/frequency offset for both cases are summarized in table 1.
Table 1: Summary of 90-percentile Residue Time and Frequency Offset 
	
	Frequency Offset (Hz)
	Time Offset (us)

	SNR=-8dB
	Case 1
	130
	0.4

	
	Case 2
	300
	0.85

	SNR=8dB
	Case 1
	50
	0.12

	
	Case 2
	50
	0.17


It is shown that the difference between case 1 and 2 depends on the SNR. At high SNR, both cases achieve a similar residue frequency and time offset. However, at low SNR, the gap is rather significant. More than two times of residue offset is observed in both time and frequency domain. It is noted that SNR=-8dB should not be considered as a corner case, considering CRE=-9 dB is defined in FeICIC. The impact of residual carrier frequency offset on the demodulation performance is also evaluated and give in Figure 5. The corresponding simulation setup is summarized in Table A-2.
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Figure 5: PDSCH BLER Performance w.r.t. Frequency Offset
Given the frequency offsets observed in table 1, it is shown that the PDSCH performance degradation due to reduced CRS bandwidth in case 1can be as large as 0.8dB, which is not trivial. 
Observation 1: When CRS encounters strong interference, the PDSCH demodulation performance can be degraded at a non-trivial level due to reduced CRS bandwidth. When the SNR of CRS is large, both case 1 and 2 have very similar performance. 
4 Impact of CRS bandwidth on RRM and Channel Estimation

Wideband RSRQ related issues have been thoroughly discussed in RAN4. The concern on inaccurate RSRQ can be also extended to the discussion on CRS bandwidth in NCT. In case CRS bandwidth is smaller than the system bandwidth, it is also questionable if the interference level can be completely captured. To understand this better, the system bandwidth of 20MHz or equivalently 100RB is considered. The RSRQ estimation difference between case 1 and 2 is studied. The definitions of case 1 and 2 are the same as what are defined in section 3. The only difference is we assume all 25 RBs in case 1 are concentrated around the centre frequency. The scenario considered can be depicted in Figure 6. By re-using the intra-frequency RSRQ accuracy requirement in 36.133, it can be asserted that the measured RSRQ difference between case 1 and 2 should be no more than 5dB. Otherwise, the RSRQ accuracy requirement cannot be satisfied in case 1. In Figure 7, the RSRQ differences are evaluated based on difference Es/Iot2 and different EPRE distribution of Es. It is shown that in case the EPRE distribution of Es is not constant, there is a chance that case 1 cannot satisfy the requirement with Es/Iot2 increasing. 
Observation 2: In case the interference is not evenly distributed, it is possible that case 1 cannot achieve the RSRQ accuracy requirement defined in 36.133.
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Figure 7: Estimated RSRQ Difference between Case 1 and 2 
It is expected that the performance between case 1 and 2 should be similar, if the RB carrying CRS in case 1 are evenly distributed across the system bandwidth. However, the evenly distributed RB also results in unevenly distributed CRS. From channel estimation perspective, this may lead to a higher implementation complexity and potentially can also have a negative impact on the system performance.   
Observation 3: When CRS is not evenly distributed, high implementation complexity and system performance degradation are expected from a view point of channel estimation. 
5 Impact of CRS bandwidth on CRS Overhead

It is obvious that the overhead can be reduced if CRS bandwidth is limited by 25RB. As port 0 CRS in NCT is only transmitted in one subframe for every 5ms [1], the overhead percentage of both case 1 and 2 are summarized in table 2.
Table 2: Summary of CRS Overhead 
	System Bandwidth
	5MHz
	10MHz
	20MHz

	Case 1
	0.95%
	0.48%
	0.24%

	Case 2
	0.95%
	0.95%
	0.95%

	Reduced Overhead in Case 1
	0
	0.48%
	0.72%


It is obvious that the larger the system bandwidth is, the more CRS overhead can be saved by a fraction of 1%. 
Observation 4: The overhead of CRS can be reduced if the CRS bandwidth is limited by 25RB. However, the percentage of the saved overhead is not significant.

6 
Conclusion
In this contribution we provide our views on bandwidth of the reduced CRS for NCT. Based on our studies and evaluation, it is observed that 

· Observation 1: When CRS encounters strong interference, the PDSCH demodulation performance can be degraded at a non-trivial level due to reduced CRS bandwidth. When the SNR of CRS is large, both case 1 and 2 have very similar performance. 

· Observation 2: In case the interference is not evenly distributed, it is possible that case 1 cannot achieve the RSRQ accuracy requirement defined in 36.133.
· Observation 3: When CRS is not evenly distributed, high implementation complexity and system performance degradation are expected from a view point of channel estimation. 
· Observation 4: The overhead of CRS can be reduced if the CRS bandwidth is limited by 25RB. However, the percentage of the saved overhead is not significant.

Based on aforementioned observations, it is proposed that 

Proposal: From time/frequency synchronization, channel measurement, implementation and CRS overhead perspectives, the CRS bandwidth in unsynchronized NCT should be the same as system bandwidth. 
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8 Appendix
Table A-1: Simulation Setup for Time/Frequency Synchronization
	Parameter
	Value

	Carrier Frequency
	2GHz

	System Bandwidth
	20MHz

	Channel Model
	EVA 5Hz

	Frequency Offset for Figure 1(a), (b) and (c)
	Uniformly distributed in [-500,500] Hz

	Time Offset for Figure 2(a), (b) and (c)
	Uniformly distributed in [-1.175, 1.175] us

	Antenna Setup
	1 Tx 2Rx

	Tx/Rx Antenna correlation
	Uncorrelated

	Frequency / Timing offset estimation algorithm
	Correlation based

	Total number of subframes measured (including the subframes where no CRS is transmitted)
	5 ms


Table A-2: Simulation Setup for demodulation performance
	Parameter
	Value

	Carrier Frequency
	2GHz

	System Bandwidth
	20MHz

	Transmission Mode
	2

	Channel Model
	EVA 5Hz

	Frequency Offset 
	0,130,300

	Antenna Setup
	2 Tx 2Rx

	Tx/Rx Antenna correlation
	Uncorrelated

	MCS
	QPSK,ITBS =2

	Resource Assignment
	100RB
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Figure � SEQ Figure \* ARABIC �6�: A Scenario with Unevenly Distributed Interference








