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1. Introduction
At RAN1#51b, a number of proposals were made for  dedicated reference signal patterns. It was concluded that the short preamble case should be addressed first [1] and that reference symbol patterns 12Symbol_3 and 8Symbol_3 in [5] along with those in [2],[3], [4] should be further evaluated by simulation.  This contribution summarizes a simulation study of the above patterns as well as pattern 12Symbol_1 from [5].The latter was included in response to the observation that pattern 12Symbol_3 only contained a single RS-bearing symbol in the first slot which may affect performance in distributed transmission mode.  This contribution is an update to R1-080718 with simulation results of the pattern proposed in [4].
2. Patterns Evaluated
The patterns listed above will be denoted as follows:

· 8Symbol_c:
The pattern denoted “8Symbol_3” in [5].
· 12Symbol_c:
The pattern denoted “12Symbol_3” in [5].
· 12Symbol_a: 
The pattern denoted “12Symbol_1” in [5].
· 8Symbol_d:
The pattern indicated “Structure 1B” in [3].
· 8Symbol_e:
The pattern recommended in [2].
· 18Symbol_a:
The pattern “RS18dpA” recommended in[4].
These patterns fall into three groups based on their implicit assumption on the occupancy of cell-specific reference signals R0,R1,R2, and R3 in symbols 3 through 13 of the subframe. This portion of the subframe will subsequently be referred to as the “PDSCH region”. Of course depending on the number of control symbols allocated, PDCH transmission could also take place in the symbols one and two. The first group of patterns are those which do not occupy any of the subcarriers  assigned to R0 through R3 in the PDSCH region.    Patterns in this group include 8Symbol_c, 12Symbol_c, 8Symbol_d, 12Symbol_a.  The second group occupies one or more subcarriers in the PDSCH region  normally assigned to R1 and includes only 8Symbol_e.  Note that this pattern occupies the subcarriers normally assigned to R1.  The last group occupies one or more subcarriers normally assigned to R0 in the PDSCH region and only includes 18Symbol_a .  The set of candidate dedicated reference symbol patterns are shown in Figure 1 and Figure 2.
3. Simulation Scenarios
Direct comparison between all of the patterns would require simulating a scenario where there are no common reference symbol (CRS) present in symbols 3 through 13 since  pattern 18Symbol_a  occupies some of the subcarriers assigned to R0.  There are different views however on which, if any, common reference symbols should be supported in the PDSCH region  and therefore a decision on the reference pattern based on an assumption of no CRS in the PDSCH region would probably not be acceptable to all companies.  An alternative approach is to perform the evaluation in three different scenarios, each with a different assumption on the presence of common reference symbols in the PDSCH region:

a) Two CRS Present in Symbols 3 Through 13
R0 and R1 are present.  This was the assumption in the results presented in [064].  Patterns evaluated: 8Symbol_c, 12Symbol_c, 8Symbol_d, 12Symbol_a
b) One CRS Present in Symbols 3 Through 13
R0 present.  Patterns evaluated: 8Symbol_c, 12Symbol_c, 8Symbol_e, 12Symbol_a
c) No CRS Present in Symbols 3 Through 13
Patterns evaluated: 8Symbol_c, 12Symbol_c, 8Symbol_e, 18Symbol_a
If one pattern from the first group, i.e., a pattern that does occupy any of the subcarriers normally assigned to the CRS in the PDCH region, proves to be optimal in all three scenarios, then this pattern may be selected without irrespective of any decision on the number of CRS present in the PDSCH region.  In this contribution the first two scenarios are simulated. An updated contribution will include results for the third scenario.
4. Simulation Results

Link level simulations were performed to compare the symbol patterns under each scenario.  QPSK, 16QAM, and 64QAM modulation were used with transport blocks sizes of 2194, 11264, 24742 and respectively. Simulation assumptions are given in Table 3.
4.1. Two CRS Present
BLER vs. 
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 is plotted for the TU channel model at speeds of 3, 60, and 250 km/h in Figure 3 through Figure 8 for the case of 2 CRS.  The 10% BLER thresholds are summarized in Table 1.   Comparing the eight and twelve symbol patterns we see the same trend observed in [5] and [6].  Twelve symbol patterns are seen to perform .2 to .4 dB better at low Es/No and QPSK  modulation while the eight symbol patterns perform .2 to .4 dB better at higher Es/No and 64QAM modulation.  Performance is similar with 16QAM.  
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Table 1 : 10% BLER threshold relative to pattern 8Symbol_c when 2 CRS are transmitted in the PDSCH region.

In terms of comparisons between patterns with the same number of reference symbols, we see the eight symbol patterns (blue and green lines) have near identical performance.  The two twelve symbol patterns (pink and red lines) have similar performance with QPSK and 16QAM modulation. At 64QAM and speeds of 60 and 250 kmph, 12symbol_a is inferior to 12Symbol_c by between .2 and .4 dB although having two instead of one RS-bearing symbols in the first slot, it is better suited for distributed mode transmission than 12symbol_c. 
4.2. One CRS Present

BLER vs. 
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 is plotted for the TU channel model at speeds of 3, 60, and 250 km/h in Figure 9 through Figure 14 for the case of one CRS.  The results are summarized in Table 2.  As with the two CRS case the 12 symbol patterns have some performance advantage with QPSK  (.3 to .4 dB) and similar performance for 16QAM.  The pattern 8Symbol_e obtained by replacing R1 with dedicated RS begins to exhibit an error floor at 60 and 250 kmph with 16QAM and 64QAM modulation.  The floor can be attributed to the lack of reference symbols in symbols 12 and 13.  This effect is a result of channel estimation being based only on the RS within the same RB as the data.  Adjacent RBs are not used for  channel estimation as they may be assigned to different users or could be transmitted with different beamforming weights.  
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Table 2 : 10% BLER threshold relative to pattern 8Symbol_c when 1 CRS are transmitted in the PDSCH region.
4.3. No CRS Present

BLER vs. 
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 is plotted for the TU channel model at speeds of 3, 60, and 250 km/h in Figure 15 through Figure 20 for the case of no CRS present in the PDSCH region.  The results are summarized in Table 3.  With QPSK modulation the pattern 18Symbol_a has a slight (.2 to .3 dB) advantage over the twelve symbols patterns but performs slightly worse with 16QAM and 64QAM with degradations of .1 to .3 dB and .3 to .5 dB respectively.  As for the case of one and two CRS, the patterns 12Symbol_a and 12Symbol_c have near identical performance with QPSK and 16QAM modulation with 12Symbol_c having a slight advantage (.2 to .3 dB) with 64QAM modulation.
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Table 3: BLER threshold relative to pattern 8Symbol_c when no CRS are transmitted in the PDSCH region.
5. Conclusions

Six dedicated reference signal patterns were evaluated for the case of two, one, and no common reference signals present in symbols 3 through 13.  With one or two CRS available in the PDSCH region, the results confirmed the findings of [5] which indicated slightly superior performance for 12 vs. 8 reference symbol /subframe  patterns at low Es/No/QPSK modulation and slightly inferior performance for 12 vs. 8 reference symbols / subframe at high Es/No and 64QAM modulation.  When no CRS are available in the PDSCH region, the pattern 18Symbol_a and 12 symbol/subframe patterns had similar performance although the 18Symbol_a pattern having a slight advantage at low Es/No.  Overall the twelve symbol/subframe patterns provide optimum or near-optimum performance regardless of the number of CRS present in the PDSCH region with low Es/No conditions.  Because we envision beamforming to be employed to improve cell edge date rates, we agree with the conclusion in [6] that a pattern with 12 symbols per subframe is preferred.  Of the two 12 symbol patterns evaluated, we propose pattern 12Symbol_a be adopted due to its suitability for Nd=2 distributed mode transmission.
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Figure 1: Evaluated Dedicated Reference Symbol Patterns with Eight Symbols Per Subframe
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Figure 2: Evaluated Dedicated Reference Symbol Patterns with 12 and 18 Symbols Per Subframe
	Parameter
	Value

	Transmission Bandwidth
	10 MHz

	NFFT
	1024

	Sub-carrier spacing
	15 kHz

	PDSCH data symbols per subframe
	11 

	Number of RBs
	50

	Channel Model
	TU 6 path

	Data/Reference EPRE
	1.0

	
Carrier Frequency
	2.0 GHz

	Number of Receive Antennas
	2

	Channel Estimation
	2DMMSE

	Modulation/Transport Block size
	QPSK/2194

16QAM/11264

64QAM/24742


Table 4: Simulation Assumptions
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Figure 3: BLER vs. Es/No for QPSK and 16QAM and 3 km/h and 2 CRS Present
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Figure 4: BLER vs. Es/No for 64QAM and 3 km/h and 2 CRS Present
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Figure 5: BLER vs. Es/No for QPSK and 16QAM and 60 km/h and 2 CRS Present
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Figure 6: BLER vs. Es/No for 64QAM and 60 km/h and 2 CRS Present
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Figure 7: BLER vs. Es/No for QPSK and 16QAM and 250 km/h and 2 CRS Present
[image: image14.emf]16 17 18 19 20 21 22

10

-3

10

-2

10

-1

10

0

E

s

/N

0

 (dB)

BLER

TU6, 250 km/h, 64QAM, 2 CRS Present

 

 

8Sym

d

8Sym

c

12Sym

c

12Sym

a


Figure 8: BLER vs. Es/No for 64QAM and 250 km/h and 2 CRS Present
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Figure 9: BLER vs. Es/No for QPSK and 16QAM and 3 km/h and 1 CRS Present
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Figure 10: BLER vs. Es/No for 64QAM and 3 km/h and 1 CRS Present
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Figure 11: BLER vs. Es/No for QPSK and 16QAM and 60 km/h and 1 CRS Present
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Figure 12: BLER vs. Es/No for 64QAM and 60 km/h and 1 CRS Present
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Figure 13: BLER vs. Es/No for QPSK and 16QAM and 250 km/h and 1 CRS Present
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Figure 14: BLER vs. Es/No for 64QAM and 250 km/h and 1 CRS Present
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Figure 15: BLER vs. Es/No for QPSK and 16QAM and 3 km/h and 0 CRS Present
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Figure 16: BLER vs. Es/No for 64QAM and 3 km/h and 0 CRS Present
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Figure 17: BLER vs. Es/No for QPSK and 16QAM and 60 km/h and 0 CRS Present
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Figure 18: BLER vs. Es/No for 64QAM and 60 km/h and 0 CRS Present
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Figure 19: BLER vs. Es/No for QPSK and 16QAM and 250 km/h and 0 CRS Present
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Figure 20: BLER vs. Es/No for 64QAM and 250 km/h and 0 CRS Present
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