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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In our companion contribution [1] we propose that CRS can be utilized in conjunction with NB-RS to improve channel estimation for NB-PDCCH/PDSCH reception. In this contribution, performance of PDSCH utilizing CRS in addition to NB-RS is provided.  
Discussion
Link level simulations has been performed for the following two cases:
Case 1: baseline case, channel estimation utilizing NB-RS only,
Case 2: channel estimation utilizing NB-RS in conjunction with CRS
The NB-RS pattern used in the simulation is defined in [2] and is shown in figure 1 for convenience. NB-PDSCH transport block of 96 bits is transmitted during 6 subframes and repeated 40 times and the packet error rate is measured. The detailed simulation assumptions are listed in Table 1. 
[image: ]
Figure 1 NB-RS pattern utilized in the simulation
The mean square error of channel estimates is shown in Figure 2 and packet error ratio of NB-PDSCH in Figure 3. Results are shown for both case 1 and case 2. It can be seen from Figure 2 that about 3dB gain in channel estimate mean square error can be provided by combining NB-RS and CRS than NB-RS only. In terms of packet error rate, about 1.5 - 2dB gain is observed at 10 % BLER as shown in Figure 3. Therefore, from the simulation results it can be observed that utilizing CRS in conjunction with NB-RS can provide significant gain for in-band operation which is beneficial to save the UE’s power and improve the system efficiency.
[bookmark: _GoBack]Observation 1: Utilizing CRS in conjunction with NB-RS can provide significant gain for PDSCH decoding.
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[bookmark: _Ref442104917]Figure 2 channel estimate performance for case 1 and case 2
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[bookmark: _Ref442105213]Figure 3 Performance of PDSCH for case 1 and case 2

Conclusions
In this contribution we present the performance of PDSCH utilizing CRS in addition to NB-RS. Based on the above discussion, we have the following observation:
Observation 1: Utilizing CRS in conjunction with NB-RS can provide significant gain for PDSCH decoding.
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Annex A 
Table 1 Simulation assumptions
	Parameter
	Value

	Frequency band
	900MHz

	Channel model
	Typical Urban

	Doppler spread
	1 Hz

	Frequency error
	Uniform distribution [-50,50]

	Antenna configuration
	1 Tx, 1 Rx

	Power offset between NB-RS and CRS
	0 dB

	Cyclic prefix
	Normal

	Channel estimation
	2D MMSE

	TB size
	96 bits (transmitted over 6 subframes)

	Number of repetitions
	40
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