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1. Introduction
In RAN1#73, a number of contributions were submitted to show the potential benefit of stand-alone NCT. However, the throughput gain from companies was much diverse. As a result, it was difficult for RAN and RAN1 to make their decision whether or not NCT is useful. Meanwhile, it was argued in RAN1#73 what are the most appropriate scenarios and assumptions for NCT. While system level simulation was used to show the throughput gain by NCT evaluations, the simulation results may not be compelling for operators in their practical network if the assumptions including modeling method of CRS interference are inappropriate. Furthermore, the use of advanced receiver was not assumed in RAN1’s study. From this background, we believe that it is worthwhile going back to link level simulation to confirm the expected gain by NCT. In this contribution, we show our link level simulation results and draw our observation that the impact of CRS interference can be mitigated by advanced receiver, and the UE based approach is more preferable to network based solution, i.e. NCT.
2. Link Level Simulation Result
In this link level simulation study, we assume a co-channel HetNet scenario to obtain interference profile, i.e. one dominant CRS interferer is present to a UE, in order to check performance degradation under the worst case. Higher order modulations (16 QAM and 64 QAM) with the coding rate of 0.5 are used for the evaluation since it is deemed that the impact of CRS interference is comparatively large. Furthermore, 5 and 50 RBs are assigned in this evaluation to check the impact of CRS interference in the case where code block separation is present. Various values of CRS interference are evaluated as well. Regarding UE receiver, the following two methods are evaluated: 
· without CRS suppression nor cancellation receiver
· UEs cannot be aware of the presence of CRS interference
· with CRS suppression receiver (Similar to CRS puncture receiver in [1])
· one interferer is dominant, and UE knows the RE position of CRS interference
· UE can estimate average interference power of REs interfered by CRS, and this information is used to calculate LLR.
Before going to the simulation results, we explain the definition of terminology used in the figures. 
· Average SNR (horizontal axis): defined by S/N of REs not containing REs interfered by CRS as in Fig. 1, where N denotes noise-plus-interference expressed by AWGN

· CRS interference (legend): defined by ICRS/S, where ICRS is the power of interfering CRS generated by one interfering eNB not transmitting PDSCH. 

It is further noted that TM4 with 2x2 antenna is used in this evaluation, i.e. 2 CRS ports are operated by both serving and interfering eNBs. It is assumed that the RE position of serving CRS and interfering CRS does not collide to each other. Though DMRS based TM is not used in this evaluation, we believe that the universality of the result can be kept. 
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Fig. 1 Definition of terminology in this evaluation
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16QAM 5RB w/o interference supression
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16QAM 5RB w/ interference supression
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16QAM 50RB w/o interference supression
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16QAM 50RB w/ interference supression


Fig. 2 Link Level Simulation Results with rank1 16QAM R=0.5

Fig.2 shows the simulation results for 16QAM. From these results, it is demonstrated that the impact of CRS interference is too severe to maintain the sufficient BLER performance without CRS interference. On the other hand, it is demonstrated that CRS interference suppression receiver, even though it is very simple, can drastically improve the BLER performance, 2dB loss at maximum at BLER=10% point.
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64QAM 5RB w/o interference supression
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64QAM 5RB w/ interference supression
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64QAM 50RB w/o interference supression
	[image: image9.png]Block Error Rate

0.1 -

0.01

---inf dB
<r-6dB
---4 dB
--2dB
—0dB
—2dB

9 11 13 15
Average SNR (w/o CRS RE)




64QAM 50RB w/ interference supression


Fig. 3 Link Level Simulation Results with rank1 64QAM R=0.5

Fig.3 shows the simulation results for 64QAM. Though the tendency is similar to that of 16QAM, it is confirmed that the performance degradation is severer when CRS suppression is not considered. However, it is also demonstrated that CRS interference suppression receiver works well even for 64QAM, and the degradation less than 2dB can be kept. In addition, it is also confirmed that there is no negative effect for 50RB case, i.e. no performance degradation is confirmed even when code block separation occures. 
Observation:

· A simple CRS interference suppression scheme can drastically improve the BLER performance for high order modulation schemes.
· Code block separation wouldn’t harm the performance when CRS interference suppression receiver is used.
Furthermore, link level simulation results with link and rank adaptation are shown in Fig.4 in order to estimate the overall performance degradation. The absolute throughput and the relative throughput compared with no-CRS-interference case are shown in Fig.4 (A) and (B), respectively.
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	(A) absolute link throughput
	(B) relative throughput to no CRS interference situation


Fig. 4 Link throughput with link and rank adaptation (5RB assignment)
From these results, it is demonstrated that the performance degradation depends on the strength of CRS interference and average SNR (which corresponds to MCS and transmission rank). However, we can say that the expected loss is around 10%, and the loss corresponds to the overhead of CRS REs. This result is quite obvious because the advanced receiver can minimize the number of REs impacted by CRS interference due to the more accurate LLR calculation. Therefore, we expect that the throughput loss can further be reduced by configuring 1-port CRS with DMRS based TM and/or MBSFN subframe even when NCT is not applied. 

Observation:

· The throughput performance degradation by CRS interference is around 10%, which corresponds to the 2-port CRS overhead.
· This degradation can potentially be mitigated by configuring one-port CRS with TM9/10 and MBSFN.
3. Consideration and Conclusion
In this contribution, we showed our link level simulations to confirm the impact of CRS interference. From the results, we anticipate that the gain of NCT would be approximately 10% when 2-port CRS is configured CRS interference suppression receiver is considered. From this result, we can draw an observation that a part of the problems brought by CRS can be solved by UE advanced receiver. Since the elimination of CRS brings too huge impacts for the specs and the existing network, we expect that the CRS interference issue is solved by UE implementation approach. In addition, backward compatibility is one of the most important aspects for us, and it is not easy to use NCT in the near future. Thus we, as an operator, prefer to use UE implementation based solution to cope with CRS interference in Rel-12, and propose the following:
· To cope with CRS interference issue, RAN1 should consider to use UE implementation approach in Rel-12 instead of network based solution, i.e. NCT.
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Annex
Table 1 Simulation Assumptions
	Carrier Frequency
	3.5GHz

	Bandwidth
	10 MHz

	Channel Estimation
	Realistic

	Transmission Mode
	TM4

	Transmission Rank
	Rank1 for Fig. 2 and 3

Rank adaptation for Fig. 4

	Decoder Algorithm
	max log MAP with 6 iterations

	Channel Model
	TU6 for Fig. 2 and 3

EPA for Fig. 4

	Antenna Configuration
	2 x 2 uncorrelated

	UE mobility
	3 km/h

	Interference Modeling
	One strongest CRS with explicit modeling
Others: AWGN

	Synchronization Error
	Time: [-3, 3]µs
Frequency: 0 ppm
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