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1. Introduction

The followings are captured in RAN1 chairman’s note in the previous meeting.

Conclusions

· Baseline is CDM+FDM for further evaluations.

· Continue the study of SDM for further evaluation

· Same location with same density (24RE per PRB) as the Rank3-4 case.

FFS

· Exact mapping

· OCC length(2 or 4)

· Whether or not RB bundling (from rank1 to 8) 

· (If yes) RB-bundling in frequency domain

· UE knowledge of precoding granularity, implicit or explicit, as a function of rank

· Bundling with single or multiple patterns (e.g, pattern rotation)
In addition, the DM-RS pattern supporting up to 2 layers on normal CP for Rel-9 dual-layer beamforming was agreed as a baseline in RAN1 #58-bis meeting as shown in the figure 1.
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(a) Regular subframes                (b) DwPTS {11,12} OFDM symbols
   (c) DwPTS {9,10} OFDM symbols
Figure 1. DM-RS pattern on normal CP for Rel-9 dual-layer beamforming.

It is also agreed that Rel-9 DM-RS pattern should be a subset of Rel-10 DM-RS pattern for higher order MIMO, therefore the DM-RS pattern in the figure 1 should be the lower rank DM-RS pattern in Rel-10 when rank-1 or rank-2 transmission is used for a UE. However, further progress is still needed for higher rank support and other cases such as extended CP and special subframe. 
Thus, in this contribution, we will discuss on design guidelines and remaining issues of DM-RS.

2. DM-RS Design Guidelines
· Transmission mode independent DM-RS
Up to 8-layer transmission in LTE-A system, UE-specific precoded DM-RS will be supported, thus achieving peak spectral efficiency requirement. Since the DM-RS is a UE-specific, it should be decided in advance whether the DM-RS will be optimized for each transmission mode or unified DM-RS will be used irrespective of the transmission mode. From the UE complexity point of view, it seems that the unified DM-RS is quite attractive since the demodulation operation will be the same regardless of the transmission mode. In addition, the unified DM-RS may provide some additional benefits when considering joint optimization of SU-MIMO/MU-MIMO and CoMP since flexible scheduling is possible among the multiple transmission modes that can be transparent to a UE. Therefore, it is preferable to employ same DM-RS pattern irrespective of the transmission mode as far as the performance is reasonable.
· Rank independent DM-RS
To support multiple transmission modes, it is preferable to have same DM-RS pattern irrespective of the rank so that a UE may perform same demodulation process under different transmission mode such as SU-MIMO, MU-MIMO and CoMP. Here, the same DM-RS pattern regardless of the rank implies that each layer’s DM-RS pattern (e.g., frequency time position and code) is same in all ranks so that layer-1 channel can be estimated with same channel estimator irrespective of the rank, for instance. If this property is supported, UE can demodulate all transmission modes with same operation so that UE design complexity can be minimized. Therefore, it is preferable to have fixed DM-RS pattern for each layer irrespective of the rank, which implies that a lower rank DM-RS pattern could be a subset of higher rank DM-RS pattern.
· Subframe independent DM-RS

The number of DM-RS pattern for supporting a system is closely related to a UE complexity since a UE need to optimize the channel estimator for each DM-RS pattern as much as possible. Therefore, it seems to be appropriate to minimize the number of DM-RS pattern and use the same DM-RS pattern irrespective of the subframe such as relay backhaul and DwPTS if possible.
· DM-RS power boosting 
The details of DM-RS overhead for each transmission have been discussed and 12/24 REs per RB in rank 1-2/3-4 transmission is agreed as a baseline and maximum DM-RS overhead is also confined to 24 REs. However, it seems that the DM-RS power is not taken into account as an overhead. The DM-RS can be considered especially for CDM-multiplexed DM-RS design since the RS power may be shared by multiple layers so that poorer channel estimation performance can be expected as the number of layers goes higher. Therefore, it is worthwhile to investigate DM-RS power boosting whether it can provide a benefit
3. DM-RS Pattern Candidates
· DM-RS pattern for normal CP
It seems that it is quite natural to simply extend the agreed DM-RS pattern in Rel-9 dual-layer beamforming for higher rank support in Rel-10. Following figure 2 shows baseline DM-RS pattern with 24REs as type of CDM+FDM with OCC length-2 on normal subframe for layer 3-4. 


[image: image4.emf]
Figure 2. DM-RS pattern as a baseline for rank 3-4.

But it still FFS for rank 5-8 whether OCC code length-2 is used or OCC code length-4. Also the exact mapping on each layer for rank 5-8 needs to be solved. The figure 3 shows the exemplary DM-RS patterns for both OCC code length-2 and OCC code length-4. In figure 3, ‘A’, ‘B’, ‘C’ and ‘D’ denote a CDM-group for multiplexing up to 2 or 4 layers
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(a) The case of two CDM group with OCC code length-4
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(b) The case of four CDM group with OCC code length-2

Figure 3. Exemplary DM-RS pattern for rank 5-8 
Two alternatives can be considered as shown in figure 3. As one alternative, the DM-RS pattern in the figure 3-(a) satisfies transmission mode independent, rank independent DM-RS properties and fixed DM-RS pattern for each layer irrespective of the rank as mentioned DM-RS design guideline in the previous section. However, it couldn’t be used for relay backhaul and it’s not optimized for DwPTS in TDD so that different DM-RS pattern may be needed for those cases. As the 2nd alternative, DM-RS patterns with OCC length-2 in figure 3-(b) might bring the benefit of supporting rank 5-8 in highly time-selective channel as compared with DM-RS pattern in figure 3-(a). While it suffers from power imbalance between the spatial layers due to the fact that REs for DM-RS as asymmetric manners is allocated to each OFDM symbol. And it seems not to be promising to adopt DM-RS patterns with 4 CDM group due to requiring multiple channel estimator for high rank in UE complexity point of view. Therefore, we prefer DM-RS pattern multiplexed with OCC length-4 between spatial layers which keeps DM-RS design guideline as mentioned in previous section. But it should be still carefully studied which case should be more protected according to the alternative.
· DM-RS pattern for extended CP
The extended CP is normally used in large cell scenario in order to handle the large delay spread, thus high delay spread should be taken into account for DM-RS design. The figure 2 shows example DM-RS patterns in which all of DM-RS patterns considered time-domain CDM to minimize the inter-code interference due to frequency selectivity. And Option E5 and Option E1/E4 considered as a method to provide robustness under high frequency selectivity as compared with that of normal CP. 

[image: image7.emf]B

C

C

C

C

C

C

C

C

C

C

C

C

D D

D D

D D

D D

D D

D D

OFDM symbol

s

u

b

c

a

r

r

i

e

r

C CDM group 1 D CDM group 2

  
[image: image8.emf]C

C

C

C

C

C

C

C

C

C

C

C

C CDM group 1 D CDM group 2

D D

D D

D D

D D

D D

D D

OFDM symbol

s

u

b

c

a

r

r

i

e

r


[image: image9.emf]C C

C

C

C

C

OFDM symbol

s

u

b

c

a

r

r

i

e

r

C CDM group

C C

C C

C C

C C

C C

C

C

D D

D D

D D

D D

D D

D D

D D

D D


(a) Option E2/E3


          (b)  Option E5


    (c)  Option E1/E4

Figure 4. DM-RS pattern examples for extended CP in normal subframe
The properties of the example patterns in the figure 4 are summarized in the table 1.
Table 1. Properties of the DM-RS pattern examples in the figure 4.

	
	Pros
	Cons

	Option E2/E3

	· Simple extension of the DM-RS pattern for normal subframe

· Rank-independent DM-RS pattern can be supported

· No inter-code interference (ICI) from the orthogonal covering due to extremely high frequency selectivity.
	· Significant performance degradation is expected due to RS frequency spacing under highly frequency selective channel

· ICI can be occurred under extremely high Doppler frequency 



	Option E5
	· Robust to high Doppler frequency due to its staggering DM-RS pattern
· No interference from the orthogonal covering due to extremely high frequency selectivity.
· Same RS overhead as that of normal CP
	· ICI can be occurred under extremely high Doppler frequency

· Not easy to support rank-independent DM-RS pattern due to ICI

	Option E1/E4
	· Robust to high frequency selectivity due to its staggering DM-RS pattern
· No inter-code interference (ICI) from the orthogonal covering due to extremely high Doppler selectivity.
	· ICI can be occurred under extremely high Doppler frequency

· Not easy to support rank-independent DM-RS pattern due to ICI
· Larger RS overhead than that of normal CP 


As discussed in table 1, each DM-RS patterns shown in the figure 2 have pros and cons according to the channel scenario. Since the DM-RS pattern for extended CP will be used for highly frequency selective channel as well as the condition of same RS overhead as that of normal CP, we propose to adopt Option E5 as DM-RS pattern in extended CP.
· DM-RS pattern on extended CP for DwPTS
The figure 5 shows the exemplary DM-RS patterns for extended CP in DwPTS which was presented in [5]
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(a) Option E1 (DwPTS all configurations) 
(b) Option E2 (DwPTS all configurations)
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(c) Option E4 (DwPTS all configurations)                   (d) Option E5 (DwPTS all configurations)

Figure 5. Exemplary DM-RS pattern for extended CP in DwPTS

In case of extended CP in DwPTS, up to 4 OFDM symbols from the last OFDM symbol in a subframe can be used for GP and UpPTS in TDD so that only some part of OFDM symbols in a subframe is possible to transmit the PDSCH. Given this situation, when up to 4 OFDM symbols are used for GP and UpPTS, it is not possible to use time shift which the DM-RSs in the last two OFDM symbols are shifted to another symbols since other OFDM symbols are occupied by Rel-8 CRS. But if frequency staggering pattern (e.g. Option E5 in figure 2) would be adopted as DM-RS for extended CP, Option E1 in figure 5 would be possible to adopt as DM-RS for extended CP in DwPTS due to the fact that the frequency selectivity could be tracked with the staggered second DM-RS part under large delay spread environment. In addition, the performance also needs to be further studied when DM-RS is punctured due to GP+UpPTS since the frequency selectivity could not be tracked without the staggered second DM-RS part under large delay spread environment. In this case, further optimized DM-RS pattern may be needed. And we also prefer to use same DM-RS pattern for DwPTS all configuration due to employing only single channel estimator for DwPTS in UE complexity point of view.
4. Summary
In this contribution, we discussed on DM-RS pattern design for rank 5-8 and several exemplary DM-RS patterns. The discussions can be summarized as follows:
· Universal DM-RS pattern seems to be beneficial in terms of UE implementation complexity and system operation flexibility

· Transmission mode, rank, subframe independent DM-RS pattern should be considered.

· Lower rank DM-RS pattern should be a subset of higher rank DM-RS pattern.

· Minimize the number of DM-RS pattern irrespective of the subframe

· The  DM-RS pattern multiplexed with OCC length-4 between spatial layers as shown seems to be adequate for rank 5-8 as a simple extension of agreed DM-RS pattern for rank 3-4
· It is recommended to consider the DM-RS pattern Option E5 as a candidate of the DM-RS pattern for extended CP in normal subframe for better support of high frequency selective channel on the condition of same RS overhead as that of normal CP. 

· It is reasonable to use same DM-RS pattern on extended CP for DwPTS all configuration due to employing only single channel estimator for DwPTS in UE complexity point of view.
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