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1. Introduction

In RAN1 #58bis meeting, it is discussed that whether it is beneficial to allow multi-RB channel interpolation with DM-RS since the DM-RS pattern agreed so far have been optimized for a single RB. Since it is possible to allocate multiple contiguous RBs to a UE in downlink, the possibility of multiple RB channel interpolation should be further investigated. 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)

Since the DM-RS is only transmitted in the specific RB(s) which is allocated to a UE, the channel estimation performance for demodulation may not be sufficient especially under the higher rank case as the number of DM-RS is defined as less than 24REs. Due to this reason, DM-RS RB bundling have been discussed so far. 
To allow channel interpolation across multiple PRBs, the precoding granularity should be informed to a UE since the precoded DM-RS implicitly contains TPMI in each PRB level. Therefore, it should be guaranteed by the eNB that the same precoder is used for a specific number of consecutive PRBs. Given that the precoding granularity is informed to a UE, further DM-RS pattern optimization can be considered. Two different ways of multiple PRB channel interpolation have been proposed as follows:
· Alt-1: same DM-RS pattern irrespective of the number of PRBs used for interpolation
· Alt-2: DM-RS patterns are optimized in each cases of multiple PRB interpolations
In Alt-1, the DM-RS pattern is always the same regardless of the precoding granularity so that a UE receiver can be simplified since the multiple RB channel interpolation can be a UE choice. A single channel estimator (i.e., 2D MMSE filter) can be implemented if a UE doesn’t want to optimize the channel estimation performance. On the other hand, multiple RB channel interpolation is also possible if a UE want to have higher channel estimation performance. However, if the DM-RS patterns are different according to the precoding granularity, it forces a UE to have multiple channel estimators. Therefore it should be carefully investigated whether it is worthwhile to mandate multiple RB channel interpolation by specifying multiple DM-RS patterns in each precoding granularity.
In this contribution, we evaluate the performance RB-bundling without DM-RS pattern optimization for each precoding granularity (i.e., Alt-1) to see the benefit of multiple RB channel interpolation.

2. Multi-RB Channel Interpolation
It is agreed in RAN1 #57 that one RB based DRS should be the baseline design criteria which implies that the DRS pattern should be optimized in an RB. In addition, there was another discussion whether channel interpolation across the consecutive RBs provides gain by assuming that same precoding matrix is used for the consecutive RBs allocated for a single UE. It seems that there is a possibility to obtain channel interpolation gain although DRS pattern is optimized for a single PRB since more channel information may help to obtain accurate channel estimation performance or larger number of RS may give better SNR for channel estimation. Especially, when 2D MMSE channel estimator is used, 2D MMSE may perform better with larger number of taps. For better understanding, we evaluated a DRS pattern with 2D MMSE filter according to the number of RB for channel interpolation. 
· 2-layer multiplexing case (up to rank-4)

Following figure 1 shows the DRS pattern agreed in Rel-9 for two layer multiplexing [1] . 
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Figure 1. DRS pattern for evaluation (two layer multiplexing, OCC=2)
The figure 2 shows MSE according the number of PRB pair for channel interpolation under 4x4 antenna setup with fixed precoding according to the channel model. Details of simulation assumption are shown in table 1 in Annex.
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Figure 2. MSE performance of two layer multiplexing (up to rank-4) 

according to the delay spread and multi-RB interpolation level.
As seen in the figure 2, the channel interpolation gain becomes more significant as the number of RB bundling level gets larger under low frequency selective channel environment since the larger number of DM-RS helps to increase a SNR for the channel estimation. 
· 4-layer multiplexing case (from rank-5 to rank-8)

The figure 3 shows the DM-RS pattern used for evaluation as an example for four layer multiplexing case. In this case, 1 CDM group can support up to four layers and 2 CDM groups are used for supporting up to 8 layer multiplexing.
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Figure 3. DRS pattern for evaluation (four layer multiplexing, OCC=4)
As seen in the figure 4, MSE performance tendency is similar to two layer multiplexing case shown in the figure 4, however the performance gain gets more significant when multiple RB is used for channel estimation since the 24RE are shared with 8 layers so that less DM-RS power is transmitted per layer. Therefore, multiple RB channel interpolation helps to increase overall DM-RS power in each layer perspective.
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Figure 4. MSE performance of four layer multiplexing (from rank-5 to rank-8) 

according to the delay spread and multi-RB interpolation level.

Observation: although DM-RS patterns shown in the figure 1 and 3 have been optimized for per-RB channel estimation, the channel estimation accuracy can be significantly increase by allowing multi-RB channel interpolation especially under the low delay spread channel. Therefore, it seems to be quite reasonable to allow channel interpolation across the PRBs by indicating precoding granularity. 
5. Conclusions
In this contribution, we discussed on some remaining issues on higher MIMO support in LTE-Advanced. From the discussions and performance results, our views can be summarized as follows: 
· Channel interpolation across consecutive RBs seems to provide performance gain with 2D MMSE channel estimator. Therefore, it is preferable that channel interpolation is allowed in LTE-A network for better UE receiver performance.
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Annex: Link-level Simulation Assumptions
Simulation assumptions for the DM-RS pattern evaluation are summarized in the table 1.

Table 1. Details of link-level simulation assumptions

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	RB Assignment
	4 RBs

	Channel Model
	Ped-A and SCM-C 

	Antenna Configuration
	4x4

	Mobility
	3km/h

	Precoding
	Fixed precoding (in Rel-8 rank-2 and rank-4)

	Channel Estimation
	2D-MMSE

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

	CDM multiplexing for DM-RS
	OCC=2(2x2 Walsh code), OCC=4(4x4 Walsh code)
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