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1 Introduction

In RAN1 #58, the way forward on R9 DMRS [1] was agreed, and the specific content about DMRS pattern is as follows:
· CDM multiplexing of two layers as shown in Fig.1 is baseline.
· Same DMRS structure (including REs, spreading and scrambling) will be used for rank 1-2 in Rel-10.
· DMRS structure for DwPTS and/or extended CP may be different from regular sub-frames with normal CP.
       - Based on performance considerations.
[image: image1.png]Oz

EE O Y

e

T ®

u;

#E©

NE W

A D

RARERHNID

NCPO-R2-PI

S°%

NCPO-R2-P2

==

{28 1Bk

30 190 56 BT TR 35| 55E )

“wo it

|

i

) 2R





Fig. 1. Baseline DMRS pattern for rank 1-2
To enable PDSCH demodulation in DwPTS and subframes with extended CP , the DMRS patterns should be defined for those cases as well. Keeping the forward compatibility in mind, it would be desirable to use the same DMRS pattern in R9 dual layer beamforming and in LTE-A for rank 1 and rank 2 transmission.

In this contribution, we analyze the DMRS designs for DwPTS and subframes with extended CP and present candidate patterns. We also evaluate the performance of candidates through link level simulations.
2 Discussion on DMRS pattern in DwPTS and extended CP
When designing the DMRS pattern in DwPTS and extended CP, the following aspects should be considered.
· Backwards compatibility with Release 8: The backwards compatibility with Release 8 requires that the placement of DMRS should avoid CRS positions and the common control channel region. Furthermore, to avoid the possible collision with CRS with cell-specific shift, the DMRS pattern should not contain OFDM symbols with CRS.
· Equal PSD across the OFDM symbols in a PRB even if the power setting on different DMRS for different layers is not the same.
· Overhead vs. channel estimation trade-off: The overhead of DMRS in DwPTS and extended CP has not been decided yet. In DwPTS with normal CP, fewer REs are available for PDSCH compared to the regular subframe with normal CP. As a consequence it is desirable to reduce the number of REs assigned to DMRS to keep a constant relative overhead, especially when the DwPTS contains 8~9 OFDM symbols. Concerning the DMRS pattern in subframes with extended CP, one should take into account that extended CP mode is likely to be used only when the delay spread of the channel is larger than the cyclic prefix duration of normal CP which is around 5us. Therefore, an increased overhead may be tolerable to ensure robust channel estimation in situations with lager delay spread.
· DMRS multiplexing method: CDM multiplexing of two layers is adopted in regular subframes with normal CP. The advantages of CDM are a simplified transparent MU-MIMO transmission, a simplified UE implementation for rank 1~2 demodulation, and an equal PSD across the OFDM symbols. It is desirable to conserve these advantages and to apply the same multiplexing method for DwPTS and extended CP. This also reduces the number of options to be implemented in the UE.

In the sequel, the performance of different DMRS patterns for rank 2 is investigated. The candidate DMRS patterns are based on CDM using length-2 Walsh codes.
3 Simulation assumptions
The simulation assumptions are listed in Table 1. The performance of different patterns was simulated with different velocities (3km/h, 60km/h and 120km/h).
Table 1. Simulation assumptions

	Number of Antennae
	8×2

	System Bandwidth
	5MHz

	Channel Estimation
	MMSE/1 PRB

	Modulation and Coding rate
	AMC

	Channel Coding
	Turbo code

	Max number of HARQ retransmission in one HARQ process
	4

	Carrier Frequency
	2.0 GHz

	Channel Detection Algorithm
	MMSE

	Feedback
	Perfect

	Number of PRBs
	4(scheduling granularity)

	UE Speed
	3km/h, 60km/h and 120km/h


Besides the simulation assumptions above, some other assumptions are given below.

· Channel model
The channel model used for normal CP is SCM-C based channel model with polarized antenna array, the inter element distance at eNodeB of 0.5
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Considering that the extended CP mode is likely to be used only when the delay spread of the channel is larger than 5us, a frequency selective channel with delay spread larger than 5us is preferred. Here, a Veh B channel was chosen.

· Number of symbols for PDSCH per subframe
For normal CP, the DwPTS with 9 symbols and DwPTS with 11 symbols are studied. For extended CP, the normal subframe with 12 symbols, DwPTS with 8 symbols and DwPTS with 10 symbols are studied.

For normal subframe, 3 control symbols are assumed. For DwPTS, 2 control symbols are assumed.

· Power setting
The power scaling is chosen such that the power of the pilots on all transmitted layers is equal and pilot power per pilot RE and data power per data RE are equal.
4 Simulation results
4.1 DwPTS with normal CP
Candidate DMRS patterns for DwPTS containing 9 or 10 symbols are shown in Fig.2 while candidate DMRS patterns for DwPTS containing 11 or 12 symbols are shown in Fig.3. The figures show patterns for rank 1 or 2.

In DwPTS the control symbols can occupy only the first two symbols and hence in DwPTS subframes the DMRS pattern can include REs in the third symbol. On the other hand, considering the third symbol may be occupied by P-SCH, the DMRS pattern can not be placed on the third symbol. A simpler way to resolve this issue is not to scheduling the PDSCH with DMRS in the RBs occupied by P-SCH, but this also introduces scheduling constraint. Therefore, whether the DMRS can be placed on the third symbol is for further study.

Pattern NCP9-R2-P1 is derived from baseline pattern in fig.1. The first occurrence of DMRS is shifted to the left by 3 OFDM symbols and the second occurrence of DMRS is shifted to the left by 7 symbols to adapt to the shorter DwPTS subframe. 

Based on pattern NCP9-R2-P1, pattern NCP9-R2-P2 is generated by deleting the first occurrence of DMRS to leave the third symbol blank for P-SCH. 

Based on pattern NCP9-R2-P1, pattern NCP9-R2-P3 is generated by deleting the DMRS on the middle tone of the PRB to save overhead. Here we expect similar channel estimation performance but better throughput. 

Pattern NCP9-R2-P4 is based on NCP9-R2-P3 and introduces DMRS staggering which improves the ability to track the channel variation in frequency. 

Finally, pattern NCP9-R2-P5 is based on NCP9-R2-P2 but each CDM RE group includes one symbol interval.
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Fig. 2. Candidate patterns for DwPTS containing 9 or 10 symbols with normal CP

Moving to Fig.3, pattern NCP11-R2-P1 is derived from baseline pattern in fig.1 by shifting the DMRS pattern 3 symbols to the left. 

Based on pattern NCP11-R2-P1, pattern NCP11-R2-P2 is generated by shifting the first occurrence of DMRS 3 symbols to the left to leave the third symbol blank for P-SCH. 

Pattern NCP11-R2-P3 is generated by deleting the second occurrence of DMRS in NCP11-R2-P2 to save overhead. Again, we expect similar channel estimation performance but better throughput.

Based on pattern NCP11-R2-P1, pattern NCP11-R2-P4 is generated by deleting the DMRS on the middle tone of the PRB to save overhead. 

Pattern NCP11-R2-P5 is based on NCP11-R2-P4 and introduces DMRS staggering which improves the ability to track the channel variation in frequency.
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Fig. 3. Candidate patterns for DwPTS containing 11 or 12 symbols with normal CP
The simulation results for DwPTS are show in the following figures:
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Fig. 4. Speed is 3 km/h, Normal CP DwPTS
 with 9 symbols
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Fig. 5. Speed is 60 km/h, Normal CP DwPTS
 with 9 symbols
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Fig. 6. Speed is 120 km/h, Normal CP DwPTS
 with 9 symbols
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Fig. 7. Speed is 3 km/h, Normal CP DwPTS
 with 11 symbols
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Fig. 8. Speed is 60 km/h, Normal CP DwPTS
 with 11 symbols
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Fig. 9. Speed is 120 km/h, Normal CP DwPTS
 with 11 symbols

Pattern NCP9-R2-P3 and pattern NCP11-R2-P4 provide best performance in most occasions. Both, pattern NCP9-R2-P3 and pattern NCP11-R2-P4 have lower overhead (8 RE/PRB) and place the DMRS on the edge of each PRB. 

The patterns with a single DMRS occurrence have best performance at low speeds but have worst performance at medium or high speeds, i.e. 60km/h or above. 

The staggering of DMRS does not help improving the performance when normal CP is used and when the channel delay spread is less than 5us, however, it may provide better channel estimation performance if multiple PRB interpolation is used due to its almost uniform DMRS location.
4.2 Normal subframe with extended CP
Candidate DMRS patterns for normal subframes with extended CP are shown in Fig.10. The figures show patterns for rank 1 or 2.

The patterns are based on baseline pattern in fig.1 with different density and staggering in the frequency dimension.
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Fig. 10. Candidate patterns for normal subframes with extended CP
The simulation results for normal subframes with extended CP are shown in the following figures: 
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Fig. 11. Speed is 3 km/h
 Extended CP normal subframe
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Fig. 12. Speed is 60 km/h
 Extended CP normal subframe
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Fig. 13. Speed is 120 km/h
 Extended CP normal subframe
Patterns ECP12-R2-P1, ECP12-R2-P2 and ECP12-R2-P3 provide best performance. These patterns have a higher DMRS density in the frequency direction to track the channel variation in frequency which is appropriate for the scenarios where extended CP is used. 

The different DMRS staggering between these three patterns have no effect in performance due to the higher DMRS density, while the frequency staggering has a big impact when the DMRS overhead in frequency direction is only 3 tones/12 tones. Here, pattern ECP12-R2-P6 outperforms pattern ECP12-R2-P4 and ECP12-R2-P5.
4.3 DwPTS with extended CP
Candidate DMRS patterns for DwPTS with extended CP are shown in Fig.14. The figures show patterns for rank 1 or 2. A unique DRMS pattern is used for different DwPTS durations, i.e. patterns ECP10-R2-P1, ECP10-R2-P2 and ECP10-R2-P3 reuse the same patterns ECP8-R2-P1, ECP8-R2-P2 and ECP8-R2-P3 respectively. 
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Fig. 14. Candidate patterns for DwPTS containing 8 symbols with extended CP

The simulation results for DwPTS with extended CP are shown in the following figures: 
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Fig. 15. Speed is 3 km/h, Extended CP DwPTS
 with 8 symbols
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Fig. 16. Speed is 60 km/h, Extended CP DwPTS
 with 8 symbols
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Fig. 17. Speed is 120 km/h, Extended CP DwPTS
 with 8 symbols
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Fig. 18. Speed is 3 km/h, Extended CP DwPTS
 with 10 symbols
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Fig. 19. Speed is 60 km/h, Extended CP DwPTS
 with 10 symbols
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Fig. 20. Speed is 120 km/h, Extended CP DwPTS
 with 10 symbols
Patterns ECP8-R2-P3 and ECP10-R2-P3 perform best which shows that the density of DMRS of 4 tones/12 tones provides the best trade-off between overhead and channel estimation performance. The results also show that the ability of tracking channel variation in frequency is very important in low speed scenarios but is not dominant in medium to high speed scenarios when there is just one occurrence of CDM DMRS in time which makes it difficult to track the channel variation in the time direction.
5 Conclusion
This contribution studied DMRS for DwPTS and extended CP. Based on the agreement in RAN1 #58, guidelines for DMRS pattern design for DwPTS and extended CP are proposed, and several typical candidate patterns were presented.  

The main conclusions are summarized below.

· The patterns with lower overhead of 8 REs/PRB and where the DMRS is placed on the edge of the PRB (NCP9-R2-P3 and NCP11-R2-P4) provide the best performance for DwPTS with normal CP. 

· The patterns with higher overhead of 4 tones/12 tones and 16 REs/PRB (ECP12-R2-P1, ECP12-R2-P2 and ECP12-R2-P3) provide the best performance for normal subframe with extended CP.

· The patterns with higher overhead of 4 tones/12 tones and 8 REs/PRB (ECP8-R2-P3 and ECP10-R2-P3) perform best which shows that the frequency density of DMRS of 4 tones/12 tones provides the best trade-off between overhead and channel estimation performance.
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