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1. Introduction

Several advances were made on DM-RS design for dual-layer beamforming during RAN1#58bis [1]: CDM was chosen for DM-RS multiplexing with localized time span of length-2 codes and a specific pattern was agreed for normal cyclic prefix length. The latter consists of a total of 12 REs per PRB for rank 1-2 operation according to past agreement on DM-RS overhead. In this contribution we further consider DM-RS for extended CP and DwPTS in TDD, aiming at completing UE-specific RS design for dual-layer beamforming while ensuring further forward compatible extension to LTE Rel’10.
2. UE-specific RS design for DwPTS with normal CP
UE-specific RS design for DwPTS should preserve the main characteristics of the agreed pattern for normal sub-frame. One such feature is the time-localized span of the code (i.e. adjacent REs in time), avoiding distributed placement which exposes the code to time selectivity of the channel. The possible DwPTS sizes, for normal CP, are 9, 10, 11 and 12 symbols, noting that DwPTS size of 3 symbols is not the subject of UE-specific RS design. The main DwPTS configurations considered in this contribution are 10 and 11 symbols. These two cases are triggering the design of potentially different solutions as presented further in the paper. 

Release 9 dual-layer beamforming calls for the design of dual-layer UE-specific RS (green positions in next figures), but should be considered beyond the dual-layer-case as well for forward compatibility purposes with LTE Rel’10 (green & blue positions in next figures).
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Figure 1: NCP-14-P1: CDM UE-specific RS for normal CP operation.

Several possible placements are considered for DwPTS length of 11 symbols, as shown in Figure 2. Pattern NCP-11-P1 stems from the agreed WF, which implies a shift in the time direction of the currently agreed pattern for normal subframe. NCP-11-P2 is a staggered version of NCP-11-P1. We further consider NCP-11-P3 which spans the code in frequency. One design advantage of frequency span of the code is more flexible handling of DM-RS in face of limited number of OFDM symbols, which is the case in DwPTS. Another possible solution is NCP-11-P4 which simply yields the puncturing version of NCP-14-P1.
DwPTS length of 10 symbols calls for a new pattern compared to the ones presented in Figure 2. In Figure 3 we present several candidates: pattern NCP-10-P1 stems from NCP-11-P1 being a shifted version in the time direction. NCP-10-P3 is also a shifted version of NCP-11-P3, while NCP-10-P4 is the puncturing solution of NCP-14-P1. A shifted version of NCP-11-P2 was not considered as simulation results of DwPTS 11 indicate same performance of NCP-11-P1 and NCP-11-P2, as described in section 2.1.
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Figure 2: CDM UE-specific RS. Considered patterns for DwPTS.
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Figure 3: CDM UE-specific RS. Considered candidate patterns for DwPTS of length 9 and 10.

How to operate the CDM DM-RS pattern itself and to handle more than two spatial layers in Rel’10 is described in a companion contribution [2]. Release 9 dual-layer beamforming targets up to two spatial layers with green DM-RS positions in patterns in Figure 2 and Figure 3. Previously considered candidate patterns provide support for higher than dual-layer operation, ensuring forward compatibility with LTE Release 10 targeting up to eight layer operation. The latter is expected to happen in normal TDD subframes, while from a pure DM-RS pattern perspective, most of the considered designs provide in theory the same flexibility in terms of maximum supported number of layers in DwPTS. 
2.1. UE-specific RS performance for DwPTS with normal CP
With the simulation assumptions summarized in appendix the performance of dual-layer beamforming, simulated assuming previously presented patterns, is shown in Figure 4, Figure 5, Figure 6 for DwPTS length of 11 symbols and ETU channels considering 3 km/h, 30 km/h and 120 km/h mobility, respectively. Performance of DwPTS length of 10 symbols, considering patterns in Figure 3 in ETU channel and for 3 km/h, 30 km/h and 120 km/h mobility is shown in Figure 7, Figure 8, Figure 9.
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Figure 4: Dual-layer beamforming, ETU channel, 3 km/h velocity, DwPTS 11.
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Figure 5: Dual-layer beamforming, ETU channel, 30 km/h velocity, DwPTS 11.
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Figure 6: Dual-layer beamforming, ETU channel, 120 km/h velocity, DwPTS 11.
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Figure 7: Dual-layer beamforming, ETU channel, 3 km/h velocity, DwPTS 10.
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Figure 8: Dual-layer beamforming, ETU channel, 30 km/h velocity, DwPTS 10.
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Figure 9: Dual-layer beamforming, ETU channel, 120 km/h velocity, DwPTS 10.

3. UE-specific RS design for extended CP and DwPTS
Remaining design issues regarding the UE-specific RS design involve the operation when extended cyclic prefix is used. In this section we consider the normal sub-frame length of 12 OFDM symbols, out of which first two are reserved for PDCCH. Few possible placements are considered in the following, see Figure 10. Pattern ECP-12-P1 stems from the agreed WF for normal CP. ECP-12-P2 is a staggered version of ECP-12-P1. We further consider ECP-12-P3 where more extensive staggering is applied. Another possible choice is ECP-12-P4 where the code spans in frequency and staggering is applied.
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Figure 10: CDM UE-specific RS. Considered patterns for ECP.

DwPTS and ECP operation imply a scarce number of available resource elements for UE-specific RS placement. Few possible placements are considered in the following, see Figure 11. Pattern ECP-10-P1 stems from the agreed WF for normal CP with puncturing applied. ECP-10-P3 spans the code in frequency while using 6 REs in power equivalent per stream UE-specific RS. Another possible choice is ECP-10-P6 where the code spans in time. If one allows only two Release 8 CRS, pattern ECP-10-P7 yields another possible solution.
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Figure 11: CDM UE-specific RS. Considered patterns for ECP and DwPTS.

Extended CP is to be applied in large cells where radio channels exhibit higher frequency selectivity. In order to assess the performance of patterns presented in Figure 10 and Figure 11 one can choose channels exhibiting a milder frequency selectivity or rather challenging power delay profile as the one of Vehicular B channel. Depending on the desired scenario for optimization, the appropriate pattern should be selected. It is worth noted that the Release 8 CRS in extended CP has same pattern as that in normal CP i.e. with same frequency density. Moreover the overall system performance is highly associated with the control channels and other channels which require CRS for demodulation.
3.1 UE-specific RS performance for extended CP

Performance of dual-layer beamforming with extended CP, assuming ETU channel profile, are expected to be rather similar as that of DwPTS with normal CP as shown in section 2.1 because of similar size of DwPTS with normal CP (11 symbols) and subframe with extended CP (12 symbols). 

Performance of dual-layer beamforming, simulated assuming previously presented patterns, is shown in Figure 12 in Vehicular B channel considering 3 km/h mobility, while in Figure 13 we have assumed ETU channel. Please note that only 12 DM-RS REs (in green) were used as dual-layer performance was investigated only.
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Figure 12: Dual-layer beamforming, extended CP, Vehicular B channel, 3 km/h velocity.
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Figure 13: Dual-layer beamforming, extended CP, ETU channel, 3 km/h velocity.

3.2 UE-specific RS performance for extended CP and DwPTS

Performance of dual-layer beamforming, simulated assuming previously presented patterns, is shown in Figure 14 in Vehicular B channel considering 3 km/h mobility, while in Figure 15 we have assumed ETU channel. Please note that only 12 DM-RS REs (in green) were used as dual-layer performance was investigated only.
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Figure 14: Dual-layer beamforming, extended CP, Vehicular B channel, 3 km/h velocity, DwPTS 10.
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Figure 15: Dual-layer beamforming, extended CP, ETU channel, 3 km/h velocity, DwPTS 10.

4. Conclusions

Performance results presented in this contribution confirm previous findings with respect to the use of CDM in time rather than frequency direction. Patterns providing best performance in specific environments are summarized in Table 1 for normal CP. We note that selected patterns fulfil current agreements on overhead and are forward compatible ensuring robust performance for both FDD and TDD in both normal subframe and DwPTS in LTE-Advanced. For extended CP, the selection of the pattern should carefully consider different aspects including implementation complexity, optimization criteria and overall system operation etc.
Table 1 UE-specific RS choices in regular sub-frame and DwPTS.

	
	Normal sub-frame length
	DwPTS length: 11, 12
	DwPTS length: 8, 9, 10

	Normal CP
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Appendix 1 – Simulation assumptions
Table 2 Simulation assumptions

	Parameter description
	Value / Comment

	Transmission bandwidth, carrier freq.
	5 MHz, 2 GHz

	Channel model, UE velocity, spatial correlation
	Extended TU, Vehicular B -3, 30, 120 km/h.

	Antenna configuration
	8 Tx / 2 Rx antennas

	Detector
	MMSE receiver

	PDCCH / PDSCH configuration
	3/11 OFDM symbols per sub-frame for normal CP or 2/10 OFDM symbols per sub-frame for extended CP. For DwPTS the number of symbols was varied as specified in figure titles.

	Channel coding (PDSCH)
	Rel’8 turbo coding, CBRM

	Modulation, code rates
	QPSK {1/2}, 16QAM{1/2}, 64 QAM {1/2, 5/6}

	HARQ
	Not used

	Number of allocated PRBs
	6 PRBs scheduled

	Precoding
	SVD, ideal UL sounding

	Precoding granularity
	per PRB

	Transmission rank
	Rank-2 (no rank adaptation)

	Number of codewords
	2 codewords

	Common reference signal configuration
	Rel’8 CRS in every sub-frame, maximum 2 ports

	UE-specific RS multiplexing
	Various patterns as described for each simulation setup

	CSI delay 
	5 ms

	Channel estimation for CQI computation
	Ideal

	Channel estimation for demodulation
	Per PRB 2D realistic channel estimation on UE-specific RS

















[image: image30.wmf]-4

-2

0

2

4

6

8

10

12

10

-2

10

-1

SNR [dB]

 BLER 

2 streams, ETU 3 km/h, 8x2 SVD, 5 ms delay, Extended CP

 

 

QPSK 1/2, ECP-12-P1

16QAM 1/2, ECP-12-P1

64QAM 1/2, ECP-12-P1

QPSK 1/2, ECP-12-P2

16QAM 1/2, ECP-12-P2

64QAM 1/2, ECP-12-P2

QPSK 1/2, ECP-12-P3

16QAM 1/2, ECP-12-P3

64QAM 1/2, ECP-12-P3

QPSK 1/2, ECP-12-P4

16QAM 1/2, ECP-12-P4

64QAM 1/2, ECP-12-P4

[image: image31.wmf]6

8

10

12

14

16

18

20

22

24

10

-3

10

-2

10

-1

SNR [dB]

 BLER 

2 streams, ETU 30 km/h, 8x2 SVD, 5 ms delay, DwPTS 11

 

 

QPSK 1/2, NCP-11-P1

16QAM 1/2, NCP-11-P1

64QAM 1/2, NCP-11-P1

QPSK 1/2, NCP-11-P2

16QAM 1/2, NCP-11-P2

64QAM 1/2, NCP-11-P2

QPSK 1/2, NCP-11-P3

16QAM 1/2, NCP-11-P3

64QAM 1/2, NCP-11-P3

QPSK 1/2, NCP-11-P4

16QAM 1/2, NCP-11-P4

64QAM 1/2, NCP-11-P4

[image: image32.wmf]-5

0

5

10

15

20

10

-3

10

-2

10

-1

10

0

SNR [dB]

 BLER 

2 streams, ETU 3 km/h, 8x2 SVD, 5 ms delay, DwPTS 11

 

 

QPSK 1/2, NCP-11-P1

16QAM 1/2, NCP-11-P1

64QAM 1/2, NCP-11-P1

64QAM 5/6, NCP-11-P1

QPSK 1/2, NCP-11-P2

16QAM 1/2, NCP-11-P2

64QAM 1/2, NCP-11-P2

64QAM 5/6, NCP-11-P2

QPSK 1/2, NCP-11-P3

16QAM 1/2, NCP-11-P3

64QAM 1/2, NCP-11-P3

64QAM 5/6, NCP-11-P3

QPSK 1/2, NCP-11-P4

16QAM 1/2, NCP-11-P4

64QAM 1/2, NCP-11-P4

64QAM 5/6, NCP-11-P4

[image: image33.wmf]5

10

15

20

25

30

10

-3

10

-2

10

-1

10

0

SNR [dB]

 BLER 

2 streams, ETU 120 km/h, 8x2 SVD, 5 ms delay, DwPTS 11

 

 

QPSK 1/2, NCP-11-P1

16QAM 1/2, NCP-11-P1

64QAM 1/2, NCP-11-P1

QPSK 1/2, NCP-11-P2

16QAM 1/2, NCP-11-P2

64QAM 1/2, NCP-11-P2

QPSK 1/2, NCP-11-P3

16QAM 1/2, NCP-11-P3

64QAM 1/2, NCP-11-P3

QPSK 1/2, NCP-11-P4

16QAM 1/2, NCP-11-P4

64QAM 1/2, NCP-11-P4

[image: image34.wmf]-5

0

5

10

10

-3

10

-2

10

-1

10

0

SNR [dB]

 BLER 

2 streams, ETU 3 km/h, 8x2 SVD, 5 ms delay, DwPTS 10

 

 

QPSK 1/2, NCP-10-P1

16QAM 1/2, NCP-10-P1

64QAM 1/2, NCP-10-P1

QPSK 1/2, NCP-10-P3

16QAM 1/2, NCP-10-P3

64QAM 1/2, NCP-10-P3

QPSK 1/2, NCP-10-P4

16QAM 1/2, NCP-10-P4

64QAM 1/2, NCP-10-P4

[image: image35.wmf]5

10

15

20

25

30

10

-3

10

-2

10

-1

SNR [dB]

 BLER 

2 streams, ETU, 30 km/h, 8x2 SVD, 5 ms delay, DwPTS 10

 

 

QPSK 1/2, NCP-10-P1

16QAM 1/2, NCP-10-P1

64QAM 1/2, NCP-10-P1

QPSK 1/2, NCP-10-P3

16QAM 1/2, NCP-10-P3

64QAM 1/2, NCP-10-P3

QPSK 1/2, NCP-10-P4

16QAM 1/2, NCP-10-P4

64QAM 1/2, NCP-10-P4

[image: image36.wmf]5

10

15

20

25

30

35

10

-3

10

-2

10

-1

10

0

SNR [dB]

 BLER 

2 streams, ETU 120 km/h, 8x2 SVD, 5 ms delay, DwPTS 10

 

 

QPSK 1/2, NCP-10-P1

16QAM 1/2, NCP-10-P1

64QAM 1/2, NCP-10-P1

QPSK 1/2, NCP-10-P3

16QAM 1/2, NCP-10-P3

64QAM 1/2, NCP-10-P3

QPSK 1/2, NCP-10-P4

16QAM 1/2, NCP-10-P4

64QAM 1/2, NCP-10-P4

[image: image37.wmf]-2

0

2

4

6

8

10

12

14

16

18

10

-3

10

-2

10

-1

10

0

SNR [dB]

 BLER 

2 streams, VB 3 km/h, 8x2 SVD, 5 ms delay

 

 

QPSK 1/2, ECP-12-P3

16QAM 1/2, ECP-12-P3

64QAM 1/2, ECP-12-P3

QPSK 1/2, ECP-12-P2

16QAM 1/2, ECP-12-P2

64QAM 1/2, ECP-12-P2

QPSK 1/2, ECP-12-P1

16QAM 1/2, ECP-12-P1

64QAM 1/2, ECP-12-P1

QPSK 1/2, ECP-12-P4

16QAM 1/2, ECP-12-P4

64QAM 1/2, ECP-12-P4

[image: image38.wmf]-5

0

5

10

15

20

10

-3

10

-2

10

-1

10

0

SNR [dB]

 BLER 

2 streams, VB 3 km/h, 8x2 SVD, 5 ms delay, DwPTS 10

 

 

QPSK 1/2, ECP-10-P1

16QAM 1/2, ECP-10-P1

64QAM 1/2, ECP-10-P1

QPSK 1/2, ECP-10-P3

16QAM 1/2, ECP-10-P3

64QAM 1/2, ECP-10-P3

QPSK 1/2, ECP-10-P6

16QAM 1/2, ECP-10-P6

64QAM 1/2, ECP-10-P6

