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1. Introduction
The DM RS pattern in normal subframes with normal CP has been agreed in [1], as shown in Figure 1. Although several contributions [2] – [4] have discussed DM RS designs for DwPTS and extended CP, no conclusions have been reached yet. In this contribution, we present our preference on this topic.
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Figure 1: DM RS pattern in normal subframes with normal CP 
2. Design of DM RS in DwPTS
2.1. Design principles
For TDD, the duration of DwPTS with PDSCH transmission varies from 9 to 12 OFDM symbols in normal CP and 8 to 10 ODFM symbols in extended CP. In this section, we focus on normal CP, while the DM RS design for extended CP is discussed in the next section. 

Although having separate DM RS designs optimized for each DwPTS length is most desirable from performance perspective, it can lead to extensive standardization efforts. On the other hand, simply puncturing the normal subframe DM RS pattern for DwPTS cannot provide satisfactory performance due to less RS density, as shown in [2]. Considering the tradeoff between design complexity and performance, we propose the following design principles for DwPTS:
· For large DwPTS durations, its DM RS shall have similar overhead compared to normal subframes

· One DM RS pattern for all DwPTS durations, with puncturing allowed for short DwPTS length 
· The DM RS pattern shall provide balanced performance for all DwPTS durations
· It is preferable to avoid transmitting DM RS in the third OFDM in DwPTS due to the presence of PSS
Specifically, we consider two CDM-T patterns and two CDM-F patterns in this contribution, as shown in Figures 2 – 5, respectively. For DwPTS = 9 or 10, the two CDM-T patterns have punctured DM RS. On the other hand, the two CDM-F patterns have punctured DM RS only for DwPTS = 9.
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Figure 2: CDM-T-P1, DwPTS = 11 or 12 (left), DwPTS = 9 or 10 (right)
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Figure 3: CDM-T-P2, DwPTS = 11 or 12 (left), DwPTS = 9 or 10 (right)
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Figure 4: CDM-F-P1, DwPTS =10, 11, or 12 (left), DwPTS = 9 (right)
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Figure 5: CDM-F-P2, DwPTS =10, 11, or 12 (left), DwPTS = 9 (right)
2.2. Performance of CDM-T-P1 vs. CDM-T-P2
In this section, we compare the performance of two CDM-T patterns in Figure 2 and Figure 3. Appendices A and B show the link level BLER simulation assumptions for ETU and EVA channel. At BLER = 10%, denote the required SINR for CDM-T-P1 as SINR1 and the required SINR for CDM-T-P2 as SINR2. Table 1 and Table 2 shows ΔSINR = SINR1 – SINR2, for ETU and EVA channel respectively. A positive value in the tables indicates CDM-T-P2 has better performance than CDM-T-P1 and a negative value indicates otherwise. “N/A” means that both CDM-T patterns cannot achieve 10% BLER.
Table 1: ΔSINR (dB) for CDM-T-P1 and CDM-T-P2 at 10% BLER, ETU
	
	DwPTS = 9
	DwPTS = 10
	DwPTS = 11
	DwPTS = 12

	3 km/h, QPSK
	0
	0
	0
	0

	3 km/h, 16QAM
	0
	0
	0
	0

	3 km/h, 64QAM
	0
	0
	0
	0

	30 km/h, QPSK
	0
	0
	0
	-0.1

	30 km/h, 16QAM
	0.1
	0.5
	-0.1
	-0.2

	30 km/h, 64QAM
	1.4
	2.8
	-1
	-0.8

	120 km/h, QPSK
	4.3
	>10
	-1
	-1

	120 km/h, 16QAM
	N/A
	N/A
	-1.5
	-1.3

	120 km/h, 64QAM
	N/A
	N/A
	-2
	-2


Table 2: ΔSINR (dB) for CDM-T-P1 and CDM-T-P2 at 10% BLER, EVA

	
	DwPTS = 9
	DwPTS = 10
	DwPTS = 11
	DwPTS = 12

	3 km/h, QPSK
	0
	0
	0
	0

	3 km/h, 16QAM
	0
	0
	0
	0

	3 km/h, 64QAM
	0
	0
	0
	0

	30 km/h, QPSK
	0
	0
	-0.1
	-0.1

	30 km/h, 16QAM
	0.2
	0.5
	-0.4
	-0.4

	30 km/h, 64QAM
	1.5
	3
	-0.7
	-0.8

	120 km/h, QPSK
	>10
	>10
	-0.85
	-0.95

	120 km/h, 16QAM
	N/A
	N/A
	-1.4
	-1.3

	120 km/h, 64QAM
	N/A
	N/A
	-1.8
	-1.6


Several observations can be made from Tables 1 and 2:
· Both CDM-T patterns provide similar performance in low speed, because of small channel variations. Therefore, different DM RS locations in time domain do not lead to observable performance difference. 
· For DwPTS = 11 or 12, CDM-T-P1 has better performance than CDM-T-P2, in case of high speed and/or high modulation order. Since CDM-T-P1 spreads DM RS wider in time domain than CDM-T-P2, less extrapolation is needed with CDM-T-P1.
· For DwPTS = 9 or 10, CDM-T-P2 has better performance than CDM-T-P1, in case of high speed and/or high modulation order. Note that for DwPTS = 9 or 10, both CDM-T patterns have punctured DM RS, i.e. 6 DM RS REs per PRB. Since the remaining DM RS of CDM-T-P2 is in the middle of DwPTS, it provides better performance than CDM-T-P1.
Notice that the gain of CDM-T-P2 over CDM-T-P1 for DwPTS = 9 or 10 prevails the gain of CDM-T-P1 over CDM-T-P2 for DwPTS = 11 or 12, our preference among the two CDM-T patterns is CDM-T-P2.
2.3. Performance of CDM-F-P1 vs. CDM-F-P2
In this section, we compare the performance of two CDM-F patterns in Figure 4 and Figure 5. At BLER = 10%, denote the required SINR for CDM-F-P1 as SINR1 and the required SINR for CDM-F-P2 as SINR2. Table 3 and Table 4 shows ΔSINR = SINR1 – SINR2, for ETU and EVA channel respectively. A positive value in the tables indicates CDM-F-P2 has better performance than CDM-F-P1 and a negative value indicates otherwise. “N/A” means that both CDM-F patterns cannot achieve 10% BLER.
Table 3: ΔSINR (dB) for CDM-F-P1 and CDM-F-P2 at 10% BLER, ETU
	
	DwPTS = 9
	DwPTS = 10
	DwPTS = 11
	DwPTS = 12

	3 km/h, QPSK
	0
	0
	0
	0

	3 km/h, 16QAM
	0
	0
	0
	0

	3 km/h, 64QAM
	0
	0
	0
	0

	30 km/h, QPSK
	0
	-0.1
	0
	0

	30 km/h, 16QAM
	0.2
	-0.2
	-0.1
	-0.1

	30 km/h, 64QAM
	1
	-0.7
	-0.5
	-0.3

	120 km/h, QPSK
	2.2
	-1
	-0.6
	-0.5

	120 km/h, 16QAM
	N/A
	-1.2
	-0.9
	-0.8

	120 km/h, 64QAM
	N/A
	-1.5
	-1.3
	-1.2


Table 4: ΔSINR (dB) for CDM-F-P1 and CDM-F-P2 at 10% BLER, EVA
	
	DwPTS = 9
	DwPTS = 10
	DwPTS = 11
	DwPTS = 12

	3 km/h, QPSK
	0
	0
	0
	0

	3 km/h, 16QAM
	0
	0
	0
	0

	3 km/h, 64QAM
	0
	0
	0
	0

	30 km/h, QPSK
	0
	0
	-0.1
	0

	30 km/h, 16QAM
	0.2
	-0.2
	-0.25
	-0.1

	30 km/h, 64QAM
	1
	-0.5
	-0.5
	-0.35

	120 km/h, QPSK
	2.5
	-0.7
	-0.6
	-0.5

	120 km/h, 16QAM
	N/A
	-1.1
	-1.0
	-0.9

	120 km/h, 64QAM
	N/A
	-1.3
	-1.1
	-1


Several observations can be made from Tables 3 and 4:

· Both CDM-F patterns provide similar performance in low speed. 

· For DwPTS = 10, 11, or 12, CDM-F-P1 is consistently better than CDM-F-P2.
· For DwPTS = 9, CDM-F-P2 has better performance than CDM-F-P1, since CDM-F-P2 has its DM RS in the middle of DwPTS.
With the above observation that CDM-F-P1 is better than CDM-F-P2 for most DwPTS durations, our preference among the two CDM-F patterns is CDM-F-P1.
2.4. Performance of CDM-F-P1 vs. CDM-T-P2
Given our preferences in the previous section, we compare performance of CDM-F-P1 and CDM-T-P2 in this section.  At BLER = 10%, denote the required SINR for CDM-T-P2 as SINR1 and the required SINR for CDM-F-P1 as SINR2. Table 3 and Table 4 shows ΔSINR = SINR1 – SINR2, for ETU and EVA channel respectively. A positive value in the tables indicates CDM-F-P1 has better performance than CDM-T-P2 and a negative value indicates otherwise. “N/A” means that both patterns cannot achieve 10% BLER.
Table 5: ΔSINR (dB) for CDM-T-P2 and CDM-F-P1 at 10% BLER, ETU
	
	DwPTS = 9
	DwPTS = 10
	DwPTS = 11
	DwPTS = 12

	3 km/h, QPSK
	-0.1
	0.8
	-0.1
	-0.2

	3 km/h, 16QAM
	-0.3
	0.8
	-0.2
	-0.2

	3 km/h, 64QAM
	-0.5
	0.6
	-0.4
	-0.3

	30 km/h, QPSK
	-0.2
	0.6
	-0.2
	0

	30 km/h, 16QAM
	-0.5
	0.6
	-0.2
	-0.2

	30 km/h, 64QAM
	-2
	0.8
	-0.2
	-0.4

	120 km/h, QPSK
	-2.3
	2
	0.6
	0.5

	120 km/h, 16QAM
	N/A
	> 10
	0.8
	0.6

	120 km/h, 64QAM
	N/A
	> 10
	0.7
	0.5


Table 6: ΔSINR (dB) for CDM-T-P2and CDM-F-P1 at 10% BLER, EVA
	
	DwPTS = 9
	DwPTS = 10
	DwPTS = 11
	DwPTS = 12

	3 km/h, QPSK
	-0.1
	0.2
	-0.2
	-0.15

	3 km/h, 16QAM
	-0.2
	0.85
	-0.3
	-0.25

	3 km/h, 64QAM
	-0.25
	0.6
	-0.35
	-0.2

	30 km/h, QPSK
	0
	0.5
	0
	0

	30 km/h, 16QAM
	-0.5
	0.9
	0.1
	0

	30 km/h, 64QAM
	-1.25
	1.9
	0.5
	0.35

	120 km/h, QPSK
	-2.9
	2.3
	0.8
	0.65

	120 km/h, 16QAM
	N/A
	>10
	1.2
	1

	120 km/h, 64QAM
	N/A
	>10
	1.85
	1.8


Several observations can be made from Tables 5 and 6:

· For DwPTS = 9, 11, or 12, both pattern provides similar performance with a fractional of dB difference, in low to medium speed. 

· For DwPTS = 11, or 12, CDM-F-P1 is better than CDM-T-P2 in high speed, due to wider spread of DM RS REs in time domain.

· For DwPTS = 9, CDM-T-P2 has better performance than CDM-F-P1, since CDM-T-P2 has its DM RS in the middle of DwPTS.

· For DwPTS = 10, CDM-F-P1 is consistently better than CDM-T-P2, due to denser DM RS REs.
Considering the design principle of a single DM RS pattern with balanced performance for all DwPTS durations, our preference is CDM-F-P1.

3. Design of DM RS in extended CP
The design of DM RS for extended CP shall consider the following deployment scenarios:

· Unicast services for channels with small delay spread

· Unicast services for channels with large delay spread

· MBSFN services for channels with large delay spread

For unicast services, if the design of DM RS in extended optimizes for channels of large delay spread, then more DM RS REs are required in frequency compared to the case of normal CP. This unnecessarily increases DM RS overhead for channels with small delay spread (i.e. comparable to the channels seen in normal CP). It is important to note that the main application of extended CP is to support MBSFN services. Due to different propagation delays from different eNBs, the effective channel for MBSFN services has large delay spread. To provide reliable channel estimates for MBSFN services, Rel-8 defines an antenna port 4 with dense reference signals in frequency. It is expected that Rel-8 antenna port 4 is reused for MBSFN services in Rel-10. Therefore, we have the following design principle for DM RS in extended CP
· The DM RS pattern in extended CP shall be similar to the DM RS pattern in normal CP
With the above design principle in mind, the preferred DM RS pattern for normal subframe with extended CP is shown in Figure 6. For DwPTS, two possible DM RS patterns are shown in Figure 7 and Figure 8, respectively. Figure 7 is based on CDM-F and Figure 8 is based on CDM-T. Note that the CDM-T pattern in Figure 8 cannot support high speed well, since it effectively has only one channel observation within DwPTS after dispreading in time domain. Hence, our preference for DM RS pattern for DwPTS with extended CP is the CDM-F pattern in Figure 7.
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Figure 6: DM RS for normal subframe with extended CP
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Figure 7: CDM-F pattern for DwPTS with extended CP, DwPTS = 9, 10 (left), DwPTS = 8 (right)
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Figure 8: CDM-T pattern for DwPTS with extended CP, DwPTS = 8, 9, and 10
4. Conclusions
In this contribution, we discuss DM RS designs for DwPTS and extended CP. Considering the tradeoff between overall performance, design complexity, and commonality between normal and extended CP, our current preferences are:

· For DwPTS with normal CP, the CDM-F-P1 pattern in Figure 4 is preferred.

· For normal subframe with extended CP, the CDM-T pattern in Figure 6 is preferred.

· For DwPTS with extended CP, the CDM-F pattern in Figure 7 is preferred.
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6. Appendix A: BLER simulation results in ETU channel
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Figure A-1: DwPTS = 9, UE speed of 3, 30, 120 km/h, ETU
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Figure A-2: DwPTS = 10, UE speed of 3, 30, 120 km/h, ETU
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Figure A-3: DwPTS = 11, UE speed of 3, 30, 120 km/h, ETU
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FigureA-4: DwPTS = 12, UE speed of 3, 30, 120 km/h, ETU

7. Appendix B: BLER simulation results in EVA channel
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FigureB-1: DwPTS = 9, UE speed of 3, 30, 120 km/h, EVA
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FigureB-2: DwPTS = 10, UE speed of 3, 30, 120 km/h, EVA
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FigureB-3: DwPTS = 11, UE speed of 3, 30, 120 km/h, EVA
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FigureB-4: DwPTS = 12, UE speed of 3, 30, 120 km/h, EVA
8. Appendix C: BLER simulation assumptions
Table C-1: Link level BLER simulation assumptions
	Parameter
	Assumption

	Antenna configuration at (eNB, UE)
	8x2, ULA, spatially uncorrelated

	Bandwidth
	5 MHz

	Channel model
	ETU or EVA

	Channel estimation
	Per-PRB realistic 2D-MMSE
Assumed PDP: uniform power delay profile
Assumed UE Speed: 10km/h for (0 – 10] km/h;

30km/h for (10 – 30] km/h;

120km/h for >30 km/h;

	MCS
	QPSK, rate 1/2

16QAM, rate 1/2

64QAM, rate 1/2

	Carrier frequency
	2.0 GHz

	Receiver
	Per PRB, MMSE

	Number of codewords
	2 (no rank adaptation)

Same MCS for both codewords

	Number of scheduled RBs
	6 PRBs, contiguous allocation

	UL SRS
	Ideal wideband SRS

	SRS delay
	5ms

	Precoding method
	SVD

	Precoding granularity
	1 PRB

	Number of Rel-8 CRS ports
	2

	PDCCH configuration
	2

	UE speed
	3km/h, 30km/h, 120km/h

	DwPTS length
	11 OFDM symbols

	HARQ
	OFF

	Link adaptation
	OFF
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