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1. Introduction 

This contribution contains simulation results for the PDSCH demodulation performance in the presence of subframe blanking.      
2. Discussion

The PDSCH demodulation tests in [1] assume that the common RS (CRS) is continuously available for channel estimation purposes.  When the DL is operated in a shared MBSFN/Unicast mode then in the MBSFN subframes, the CRS transmission is interrupted.  Even though MBSFN is not fully supported in Rel8, the discontinuities in the CRS have to be recognized by the Rel8 UE and the channel estimation has to be adapted to CRS availability, accordingly.  Even UEs that do not support MBSFN have to have this feature implemented.  Ideally, there should be performance requirements for this case; however, due to prioritization, developing the requirements for this operating mode for the UEs is not likely in Release 8.  
In [2], a proposal was made to introduce a modified type of MBSFN configuration, where the first two (control) symbols in certain subframes are not transmitted.  We will call this mode subframe blanking, and the impacted subframes (i.e. those that don’t contain control symbols) blanked subframes. 

As it can be seen by comparing the MBSFN and blanking cases, a very similar UE implementation is required, the only difference is that the symbols containing usable CRS are slightly fewer with blanking.  For example, if in every 5ms period, two subframes were carrying MBSFN, then the total number of symbols carrying CRS on antenna port #0 would be 14 per 5ms, while if the same two subframes were blanked, then the total number of symbols carrying CRS would be 12 per 5ms.  
In this contribution, we provide results for comparing demodulation performance in the continuous and in the blanking case.  Note that the MBSFN case was not simulated; however, since the two operating modes that were simulated provide an upper and lower bound, the performance in the presence of MBSFN can be well approximated also. 
2.1. Simulation Assumptions

The channel estimation used in the simulations is described as follows:
1. Continuous CRS:  moving window time averaging for channel estimation.  The averaging window is symmetric and it contains 7 symbols before and 7 symbols after the current symbol
2. Blanking:  channel estimation time averaging restricted to current subframe, i.e. always four CRS symbols are used 

FDD PDSCH simulation scenarios 1.2 (10MHz, QPSK R=1/3) and 1.5 (10MHz, 16QAM R=1/2) were assumed, with parameters chosen according to the agreed simulation assumptions [3], [4]. 

Note that the actual blanking pattern was not simulated, since the impact on PDSCH demodulation performance can be adequately assessed just by applying the channel estimation with the restricted observation periods.  
Since effectively we assumed in the blanking case that every active PDSCH subframe is always preceded and followed by blank subframes, the results are in this perspective conservative.  
2.1.1.  OFDM Configuration
The link performance is evaluated using the following reference configuration.
	Parameter
	Unit
	Value

	TTI
	ms
	1

	Symbols / Slot
	
	7

	Slots / Sub-frame
	
	2

	Bandwidth
	MHz
	10

	FFT size
	
	1024

	Guard tones per symbol
	
	424

	Number of usable tones
	
	600


Table 1
Simulation Configuration
2.2.  Reference Channel Setup

The TB size, modulation and number of data tones are kept a constant during the simulation run.  The reference channel configuration parameters are given in Table 2 and Table 3, for simulations 1.2 and 1.5, respectively.  
	Ref. Ch.
	TX
ports
	Allocation
	MCS
	SF_ID
	

	
	
	
	
	
	Nbits
	Transport block size
(A)
	#Code blocks
	Code Rate
	Peak rate (Mbps)

	R.2
	1
	Full
10 MHz
	QPSK
1/3
	0
	12960
	4392
	1
	0.34
	4.39

	
	
	
	
	5
	13512
	4392
	1
	0.33
	

	
	
	
	
	others
	13800
	4392
	1
	0.32
	


Table 2
Reference Channel for Sim 1.2
	Ref. Ch.
	TX
ports
	Allocation
	MCS
	SF_ID
	

	
	
	
	
	
	Nbits
	Transport block size
(A)
	#Code blocks
	Code Rate
	Peak rate (Mbps)

	R.3
	1
	Full
10 MHz
	16QAM
1/2
	0
	25920
	12960
	3
	0.50
	13.9

	
	
	
	
	5
	27024
	12960
	3
	0.48
	

	
	
	
	
	others
	27600
	14112
	3
	0.51
	


Table 3
Reference Channel for Sim 1.5
2.2.1. Other Assumptions

These assumptions are based on [1].

1. Short cyclic prefix, 14 OFDM symbols per sub-frame

2. Two OFDM symbols allocated for control
3. One eNB Tx antenna
4. 10 MHz

5. The data occupies all RBs when available
6. Realistic channel estimation
7. Assume no errors in the DL control channel
8. PB = 1 ((B/(A=1)  
9. Channel model used: ETU70Hz, EVA5Hz
10. No antenna imbalance and zero antenna correlation
11. Results presented using a range of  
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is assumed to be additive white Gaussian.

12. Tx EVM = 6%
13. Eight HARQ processes with a TTI time of 1ms giving a 8ms round trip time

14. HARQ using incremental redundancy and a maximum of 4 transmissions, RV = {0, 1, 2, 3} 
15. 24 bit CRC to be used

16. 12 bit for turbo code block termination
2.3. Simulations Sets

	Simulation Set #
	Modulation
	Code Rate
	Channel Model

	Sim 1.2
	QPSK
	1/3
	ETU70Hz, Low Correlation

	Sim 1.5
	16-QAM
	1/2
	EVA5Hz, Low Correlation


3. Simulation Results

The FRC throughput vs. SNR simulation results are shown in Figures 1 and 2 for simulation cases 1.2 and 1.5, respectively.
In additions, single transmission FER vs. SNR results are shown in Figures 3 and 4 for simulation cases 1.2 and 1.5, respectively.
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Figure 1   FRC Throughput with and without blanking, 1x2 SIMO, QPSK 1/3 (Scenario 1.2)
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Figure 2   FRC Throughput with and without blanking, 1x2 SIMO, 16QAM 1/2 (Scenario 1.5)
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Figure 3  FER with and without blanking, 1x2 SIMO, QPSK 1/3 (Scenario 1.2)
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Figure 4  FER with and without blanking, 1x2 SIMO, 16QAM 1/2 (Scenario 1.5)

As it can be seen from the simulation results, the demodulation performance loss due to subframe blanking is moderate. 
The blanking loss relative to MBSFN is less then the results shown in the contribution because with MBSFN, the number of available RS symbols is already reduced.  
4. Conclusion
In this document, we have presented FDD 1x2 SIMO PDSCH simulation results with and without blanking.  The results showed performance loss due to less averaging in the blanking case; however, the performance loss was moderate. 

Based on this observation, we believe that it would be safe to follow the precedence of the MBSFN case of not adding new demodulation test cases for blanking (if adopted).  The introduction of such test cases for both MBSFN and blanking could be considered in later releases.  
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