3GPP TSG RAN WG1 Meeting #61                                                                              R1-102719
Montreal, Canada
10th – 14th May, 2010
Agenda item: 6.3.1.2
Source: LG Electronics

Title: PRB Bundling in LTE-Advanced
Document for: Discussion/Decision
1. Introduction

Since the precoded DM-RS is employed for the downlink transmission in LTE-A, minimum resource allocation granularity is assumed to be as the downlink precoding granularity and its associated DM-RS has been therefore optimized for one PRB. As different from Rel-8 CRS, frequency domain channel interpolation of precoded DM-RS across multiple PRBs cannot be implemented due to the fact that a UE cannot assume the same precoder is used in different PRBs so that the channel estimation accuracy is relatively low.

In RAN1 #60bis meeting, it is discussed that whether DM-RS channel interpolation is supported across multiple PRBs to allow better demodulation performance at a UE receiver although it is a UE vendor’s choice. Note that it is still possible to employ one PRB based channel estimator if a UE manufacturer wants to implement simpler estimator although precoding granularity is defined as larger than one PRB. In the way-forward proposal [1], it is proposed that the fixed precoding granularity which is tied with system bandwidth is provided in the specification so that a UE can assume that the same precoder is used within the consecutive PRBs defined as precoding granularity. On the other hand, it is also proposed not to employ PRB bundling at least for the lower rank since the bundling gain is believed more beneficial for higher rank [2].
In this contribution, therefore, we further investigate on the benefit of PRB bundling including lower rank and discuss on further details of PRB bundling support for the progress on downlink DM-RS issues.

2. PRB Bundling Support
Since the precoded DM-RS implicitly contains transmitted precoder information, it is possible to use non-codebook based precoding at an eNB transmitter so that the system performance can be optimized further by employing sophisticated eNB implementation. Furthermore, a flexible MU-MIMO scheduling is also possible with the precoded DM-RS.
The PRB bundling indication has been proposed to enhance the channel estimation with the DM-RS since the channel estimation accuracy is relatively low as compared with Rel-8 CRS due to its precoded UE-specific RS transmission, thereby not allowing channel interpolation across multiple PRBs. Considering that the frequency granularity for PMI feedback is coarse (e.g., 4 PRBs or even larger than 4 PRBs) and the scheduling granularity is larger than 1 PRB if the system bandwidth is larger than 10 RBs it is hard to assume that the precoder is changed per RB basis when consecutive PRBs are allocated to a UE. In addition, the channel interpolation gain could be only attainable with precoded DM-RS when consecutive PRBs are allocated to a UE with the same precoder. Keeping that in mind, it seems to be beneficial to allow channel interpolation across multiple consecutive PRBs and the precoding granularity can be tied with the system bandwidth and the system bandwidth specific RBG size can be considered as the precoding granularity.
Proposal: allow channel interpolation across multiple consecutive PRBs allocated to a UE within a precoding granularity which is fixed to a system bandwidth.

The gain from PRB bundling is mainly attained by aggregating reference signal powers within a coherent bandwidth so that a better MSE performance of channel estimation is observed irrespective the SNR region as far as coherent bandwidth is relatively large. Since the demodulation performance relies on the DM-RS channel estimation accuracy, it is always good to have a better MSE performance irrespective of the rank. Keeping that in mind, the PRB bundling should be also employed for lower rank transmission to provide more reliable demodulation performance for low geometry UEs.

Proposal: support the PRB bundling regardless of the rank in Rel-10.

3. Performance Evaluation
In this section, we evaluate the performance of closed-loop SU-MIMO according to the PRB-bundling level. For the link simulation, the agreed DM-RS patterns are used in combination with 2D MMSE channel estimator. Further details of simulation assumption are listed in 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

	MCS for link adaptation
	Rel-8 MCS

	MCS for BLER performance

(MCS0, MCS8, MCS15, and MCS21)
	QPSK (1/10, 1/2), 16QAM(1/2), 64QAM(1/2)

	Channel Estimation
	2D-MMSE

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

	CDM multiplexing for DM-RS
	2x2 Walsh code or 4x4 Walsh code

	Outer-loop power control
	On for link adaptation

	H-ARQ
	Off


· BLER performance (Rank-1)
The figure 1 shows the BLER performance according to the MCS levels with rank-1 fixed precoding. As seen in the figure, the gain from channel interpolation across the PRBs gets more significant as the SNR goes lower and/or the number of RBs for channel interpolation becomes larger. Since the rank-1 transmission is typically used for low geometry UEs including cell-edge UE, the PRB bundling seems to provide significant gain under interested SNR region.
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Figure 1. BLER performance of Rank-1 fixed precoding according to the bundling level (Ped-A)
· Link throughput performance (Rank adapted SM)

      The figure 2 shows the link throughput performance according to the PRB bundling level and the corresponding MSE performance at each SNR. Note that the MSE is calculated assuming two layer multipelxing so that it can be the worst case if the transmission rank is equal to or less than rank-4. As seen in the figure 2, The gain seems to be significant irrespective of the SNR region. Since the frequency selectivity is relatively low in Ped-A channel, the PRB bundling gives higher SNR gain of channel estimation by exploiting larger number of CSI-RS within a coherent bandwidth.
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Figure 2. Link throughput and MSE performance according to the bundling level under Ped-A channel.

      As different from the figure 2, the figure 3 shows marginal gain from PRB bundling due to higher frequency sectivity of the channel. Therefore, the interpolation may not provide additional SNR gain although it interpolates multiple PRBs. However, it is seen that no performance degradation from PRB bundling as well..
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Figure 3. Link throughput and MSE performance according to the bundling level under SCM-C channel.

Observation: although DM-RS patterns agreed in RAN1 #59bis meeting have been optimized for one PRB-based channel estimation, the channel estimation accuracy can be significantly increased by allowing PRB-bundling especially under the low SNR region and/or short delay spread channel.
5. Conclusions
In this contribution, we discussed on frequency domain PRB-bundling for higher channel estimation accuracy with link level evaluation. From the discussions and the performance results, we may conclude as follows:

· Allowing channel interpolation across multiple PRBs seems appropriate to provide better UE coherent demodulation performance.

· System bandwidth specific precoding granularity can be defined to allow channel interpolation across multiple PRBs.

· The PRB bundling should be supported irrespective of the rank.
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