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1 Introduction
In 3GPP RAN1 #60bis meeting, “PRB bundling” has been extensively discussed [1-9]. In order to align the understanding on “PRB bundling”, the following clarification on “PRB bundling” is captured in the Chairman’s notes that 

“

PRB bundling means that 

· UE may assume that precoding granularity is multiple RBs.

UE is still allowed to perform single-RB channel estimation
”

That is, UE can always choose to perform single-RB based channel estimation of dedicate channels, however, “PRB-bundling” offers UE the flexibility to perform channel estimation over multiple PRBs   

From the evaluation results we can see that in FDD systems where an eNodeB has to rely on feedback to perform closed-loop MIMO precoding operations, PRB bundling provides substantial gains across all transmission ranks. However, the gains of PRB bundling reduced or even disappeared when an eNodeB is able to perform per-PRB based frequency-selective precoding [5, 6, 9]. 

In this contribution, we introduce a simple method to perform “PRB bundling” and discuss the potential standard supports for this method in Rel-10.

2 PRB Bundling and Precoding RB Groups (PRG)

Essentially, PRB bundling is giving a UE the flexibility to perform joint channel estimation of the precoded channel over multiple PRBs. The prerequisite of this is that the eNodeB has to perform same downlink precoder over multiple PRBs. Therefore, PRB bundling is actually closely related to downlink precoding granularity.  
Similar to the concept resource block group (RBG) in Rel-8, we can define the precoding resource block group (PRG) as the set of PRBs where an eNodeB assigns the same downlink precoder for a targeted UE. To be specific, PRGs have the following properties

· A PRG consists of consecutive PRBs

· PRGs partition the system bandwidth

· The size of a PRG, Q, is fixed and is only determined by the corresponding system bandwidth (
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	System Bandwidth (
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)
	PRG size (Q)

	≤10
	1

	11 – 26
	2

	27 – 63
	2 or 3

	64 – 110
	2


An example of PRG of size 3 PRBs (Q = 3) across the system bandwidth can be found in Figure 1.
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Figure 1: Example of PRGs
In the example, 
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denotes the PRB number defined in Rel-8 and the total number of PRGs (
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of the PRGs are of size Q and if 
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 then one of the PRGs is of size
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Within a PRG, the UE may always assume that the same precoder is applied on all scheduled PRBs for a UE. 
· For example, if a UE is assigned PRB 0, 1, 2, 3, 4, and 5 for downlink transmission, the UE may assume that a same precoder (w1) is applied on PRB 0, 1, and 2 while a same precoder (w2) is applied on PRB 3, 4 and 5. However, the UE cannot assume the w1 and w2 are the same.
· For example, if a UE is assigned PRB 0 and 3 for downlink transmission, since PRB 0 and PRB 3 belong to different PRGs, the UE cannot assume that the precoder for PRB 0 is the same as that for PRB 3. 
· For example, if a UE is assigned PRB 1, 2, 3, and 4 for downlink transmission, the UE may assume that a same precoder (w1) is applied on PRB 1 and 2 while a same precoder (w2) is applied on PRB 3 and 4. However, the UE cannot assume the w1 and w2 are the same.
In this way, a UE may be able to perform joint channel estimation across the scheduled PRBs within a PRG to realize the gains of PRB bundling as suggested by the evaluation results [1-9].

3 Bundling Scenario and Bundling Size (Q)

3.1 Bundling Scenario
As suggested by most of the evaluation results that PRB bundling will provide substantial gains across all the ranks, it is beneficial to enable PRB bundling for all transmission ranks in all Rel-10 transmission modes to simplify system design. Furthermore, the introduction of PRG in Section 2 seamlessly handles different downlink resource allocation types and provides a simple implementation of PRB bundling in Rel-10.  

However, there are still several counter arguments exist for PRB bundling for all transmission modes. For example, somebody may argue that in Rel-10 there might be some scenarios where an eNodeB could perform per-PRB based precoding (open-loop spatial multiplexing or TDD based operation). In those cases, we could potentially tie PRB bundling together with the feedback modes. For example, PRB bundling is enabled when PMI/RI feedback is enabled. In this way, we could avoid the potential penalty caused by PRB bundling.

Proposal: 
· Baseline: PRB bundling is supported for all transmission ranks in Rel-10 transmission modes

· No signaling for PRB bundling is introduced.
· Further study if PRB bundling is supported when PMI/RI feedback is not configured
3.2 Bundling Size (Q)
The bundling size is essentially the PRG size. Q = 1 means that a UE can only assume per-PRB based precoding. 

There is a clearly tradeoff between the performance gain of the PRB bundling and the implementation complexity. A larger Q may lead to a larger interpolation gain as suggested by the evaluation results; however it also leads additional implementation complexity. For example, as illustrated in Section 2, when the bundling size is Q, the UE has to implement Q channel estimators with 1-PRB channel estimator, 2-PRB channel estimator, up to Q-PRB channel estimator.  On the other hand, the gains of higher value of bundling size are diminishing return since most evaluation results suggest that 2-PRB bundling gives most of the gain. Considering about the unit of downlink resource assignment (RBG), it is desirable to have the bundling size to be less than 3 depending on the system bandwidth. 
Proposal:
· The size of a PRG, Q, is fixed and is only determined by the corresponding system bandwidth (
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	System Bandwidth (
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	PRG size (Q)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	2


· Further study the PRG size (2 or 3) when 
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4 Conclusion

In this contribution, we introduce the concept of precoding resource block group (PRG) and illustrate how it can be used to facilitate PRB bundling in Rel-10. Possible standard supports are also discussed in the contribution.
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Appendix: 
A. Link Throughput Evaluation and Assumptions

In this section, we investigate the benefits of applying RB bundling/precoding granularity for LTE-A DM-RS. 

In 3GPP RAN1 #58bis meeting, the following DM-RS patterns have been agreed as a baseline up to rank 2 and rank-4, where spreading factor 2 code division multiplexing (CDM) is applied to multiplex two DM RS in two adjacent REs:

[image: image14.emf]
Figure 2: Rank-2 and Rank-4 DM RS patterns
In 3GPP RAN1 #59bis meeting, the following DM-RS pattern has been agreed for rank 5- 8, where spreading factor 4 code division multiplexing (CDM) is applied to multiplex four DM RS in time domain.


[image: image15.emf]
Figure 3: Rank 5-8 DM RS pattern

The agreed DM-RS patterns are PRB based; accordingly, UE could perform channel estimation and demodulation per PRB (that is, the baseline of precoding granularity is assumed to be 1 PRB). Alternatively, if RB bundling is supported, UE could perform channel estimation and demodulation jointly across bundled RBs (that is, the precoding granularity is more than 1 PRB – high precoding granularity). In this way, the performance of channel estimation and demodulation of the dedicated data channel can be improved.  

It is shown in [3] that PRB-bundling/high precoding granularity would help to improve the system performance in higher rank transmission. In this section, we provide additional evaluation results for lower rank transmission with hope that this could give us a complete picture on what PRB-bundling/high precoding granularity would bring us.  

The link throughput comparison for TU6 channel is illustrated in Figure 3. The link throughput simulation is conducted under link adaptation and rank adaptation. Detailed simulation parameters can be found in the Appendix.
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Figure 4: Link Throughput Comparison for Different Sizes of Precoding Granularity

It can be observed that PRB bundling/high precoding granularity could provide non-negligible throughput gain as opposed to per PRB based channel estimation and demodulation. The observations of the simulation results could be summarized as follows:

At low SNR regime (-2 to 2 dB)

· 2-PRB based channel estimation and demodulation provides gain around 1.5 dB gain

· 3-PRB based channel estimation and demodulation provides gain around 2.5 dB gain
· The rank statistics of the corresponding downlink transmission is: [0.65, 0.15, 0.1, 0.1]

At relatively high SNR regime (14+ dB)

· 2-PRB based channel estimation and demodulation provides gain around 1 dB gain

· 3-PRB based channel estimation and demodulation provides gain around 1.3 dB gain
· The rank statistics of the corresponding downlink transmission is: [0.014 0.13 0.47 0.386]

The relative performance gain of PRB-bundling/high precoding granularity also depends on the assumption of 2D MMSE filter. For example, if we assume that the 2D MMSE filter has pretty good knowledge of the time and frequency correlations of the channel, PRB-bundling/high precoding granularity would provide high gains.
B. Link Throughput Simulation Assumptions

	Number of Antennae
	8x4

	Carrier Frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Scheduled subcarriers
	6 PRBs

	CP format/Overhead
	Normal CP with 3 OFDM symbols for control and 4 Rel-8 CRS

	Channel Model
	TU6

	Speed
	30km/h

	Rank adaptation
	Rank 1 - 4

	Precoding
	8TX codebook based precoding [5]

One precoder for 6PRB (subband size)

	Link adaptation
	On

	Channel estimation
	2D-MMSE filter, PRB bundling size of {1,2,3}

	MIMO detection algorithm
	MMSE

	Channel Coding
	Turbo code

	HARQ
	On
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