3GPP TSG RAN WG1 Meeting #61bis                                                                        R1-103965
Dresden, Germany
28th June – 2nd July, 2010

Agenda item: 6.3.1.2
Source: LG Electronics

Title: Remaining Issues on DM-RS Pattern for Extended CP
Document for: Discussion/Decision
1. Introduction

In RAN1 #60bis meeting, it was agreed that the DM-RS overhead in extended CP is 16 REs per PRB-pair in the case of rank-1 and rank-2 to optimized the system performance for the large delay spread channel environment. Therefore, the detailed DM-RS pattern with 16 RE overhead should be defined for further progress. In addition, the further remaining details on extended CP DM-RS also need to be discussed.

In this contribution, we discuss on the remaining details of DM-RS in extended CP and investigate candidate DM-RS patterns under large delay spread channel to narrow down the exact pattern proposals and finalize the DM-RS issues.

2. Remaining issues on DM-RS in extended CP

       The extended CP is targeted for large cell size by employing longer CP length so that the number of OFDM symbols in a subframe is reduced to 12 symbols. This leads to lower system throughput performance compared to that in normal CP due to the less number of PDSCH symbols. It has been discussed that whether the DM-RS pattern agreed for normal CP can be re-used for extended CP for the sake of simplicity of UE implementation. However, it was agreed that the DM-RS pattern for extended CP should be optimized for the large delay spread, thus requiring higher DM-RS overhead to increase channel estimation accuracy under the highly frequency selective channel by sacrificing DM-RS overhead.
        Considering that extended CP is targeted for large cell coverage and DM-RS overhead is already pretty high with one CDM group, the second CDM group may not need to be employed for higher rank support. In this case, the use of OCC=4 could be further discussed if rank-3 and rank-4 transmission support is necessary. Note that, CRS based transmission modes are still available so that the maximum transmission rank could be dependent on the number of CRS port although one CDM group is only allowed.
      Therefore, it seems that there is no strong motivation to increase DM-RS overhead more than 16REs for the support of higher rank.
3. Investigation on DM-RS pattern

          So far, two alternatives DM-RS patterns designed with 16REs have been discussed such as staggered pattern [1] and non-staggered pattern [2]. The figure 1 shows the alternative DM-RS patterns.
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Figure 1. DM-RS patterns for extended CP
        As seen in the figure 1, the option-1 is designed with staggered pattern for smaller frequency spacing of DM-RS considering 2D MMSE receiver. On the other hand, the option-2 is designed in non-staggered manner so that the better orthogonality can be kept if time-domain OCC=4 is allowed for higher rank while larger the frequency spacing of DM-RS is used. 

The figure 2 shows the link throughput performance of the options shown in the figure 1 under relatively high delay spread channel. As seen in the figures 2 and 3, the option-1 and option-2 show the same performance in TU channel since the three subcarrier spacing is enough to track the frequency selectivity of TU channel. However, if the delay spread goes higher the performance degradation seems to be more significant in the option 2 due to larger DM-RS spacing in frequency domain. The detailed simulation assumptions are listed in the table 1 in Annex.
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Figure 2. Rank-1 link throughput performance of the DM-RS pattern options.
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Figure 3. Rank-2 link throughput performance of the DM-RS pattern options.

Observation: as discussed in the section 2, the motivation of employing extended CP is for supporting large cell coverage so that lower rank optimization should be considered as a higher priority scenario. Therefore, it is quite obvious that the option-1 is proper choice for the DM-RS pattern for extended CP.

4. Conclusions

In this contribution, we discussed on the DM-RS for extended CP and also evaluated candidate DM-RS patterns. From the discussions, we may conclude as follows:

· One CDM group seems to be enough for the extended CP

· 16REs are the maximum overhead for DM-RS in extended CP

· Higher rank may not be supported with precoded DM-RS

· Staggered pattern (option-1) seems to be proper choice for the DM-RS in extended CP

· Better performance is observed under large-delay spread channel

References

[1] R1-102627, “Discussion on DM-RS pattern for extended CP”, Ericsson, ST-Ericssion

[2] R1-103099,”DM-RS pattern design for extended CP”, Huawei
Annex

Table 1. Details of link-level simulation assumptions

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	RB Assignment
	4 RBs

	Channel Model
	TU and VB (modified) 

	Antenna Configuration
	4x2

	Mobility
	3km/h

	Precoding
	SVD beamforming

	MCS for link adaptation
	Rel-8 MCS

	Channel Estimation
	2D-MMSE

	Power Boosting of DM-RS
	Same power as that for data RE

	CDM multiplexing for DM-RS
	OCC=2 

	Outer-loop power control
	On

	H-ARQ
	On
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