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1 Introduction

In RAN1# 60bis meeting, it was agreed [8] that PRB bundling means that 
· UE may assume that precoding granularity is multiple RBs.
· UE is still allowed to perform single-RB channel estimation.
And there were two way forward about PRB bundling proposed[9][10]. In [9], no PRB-Bundling for lower rank (rank<=4) transmission is recommended. In [10], PRB bundling is supported for all transmission ranks without additional signaling for PRB bundling introduced. Furthermore, it is proposed to 
Define fixed system bandwidth ([image: image1.wmf]DL
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) dependent precoding RB groups 
·  (PRGs) as shown below:
· A PRG consists of consecutive PRBs

· PRGs partition the system bandwidth

· Within a PRG, the UE may always assume that the same precoder is applied on all scheduled PRBs for a UE.
· The size of a PRG is only determined by the corresponding RBG for resource allocation type 0

· Exactly the same set of PRGs are used for other resource allocation types.
From this two way forwards, it seems like the most controversial thing is whether PRB-Bundling should be supported for lower rank transmission. In this contribution, we further discuss which scenario is not proper for PRB-Bundling.
2 Performance evaluations for PRB bundling 
In the initial discussion, PRB-Bundling was introduced to enhance the performance of rank>4 transmission due to low density of the DMRS REs in those cases [15]. And for rank>4 transmission, the typical scenario is PA channel of relatively large coherent bandwidth, so PRB-Bundling in this case could improve channel estimation performance by making use of the frequency coherence. But on the other hand, the performance gain is very limited as shown in figure 1 and figure 2 below, because rank>4 transmission is mainly used for higher SNR where there is no much noise to be averaged out. Further more, the agreed DMRS patterns already locate the DMRS REs at the edge of the PRB, this further limits the gain from PRB-Bundling.

With the progress of the DMRS pattern design, some companies [16] proposed PRB-Bundling should also be induced into rank<=4 transmission. For rank<=4 transmission, the TU channel should be considered. Under TU channel due to frequency selectivity, PRB-Bundling could lead to performance loss as shown in figure 4 and also observed by other companies.[11][13]
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Figure 1
Throughput for different PRB bundling size, PA 3km/h, rank 5~8, precoding granularity = 6PRBs 
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Figure 2
Throughput for different PRB bundling size, PA 3km/h, rank 5~8, precoding granularity = bundling size 
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Figure 3
Throughput for different PRB bundling size, TU 3km/h, rank 1~4, precoding granularity = 6PRBs
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Figure 4
Throughput for different PRB bundling size, TU 3km/h, rank 1~4, precoding granularity = bundling size
For all rank transmission, the following two types of precoding granularity configurations are considered.

· Type 1: Precoding granularity is fixed to 6 PRBs for each bundling size. This is more suitable for an FDD system in which precoding granularity at eNB depends on UE’s wideband or subband PMI feedback.  The corresponding simulation results are shown in figure 1 and figure 3.

· Type 2: Precoding granularity equals to PRB bundling size. This is more suitable for TDD system in which precoding vector can be calculated through UL SRS at eNB. The corresponding simulation results are shown in figure 2 and figure 4.

The simulation results can be summarized as in Table 1 below.
Table 1: Performance comparison for all rank transmission

	
	Precoding granularity = 6 PRBs
	Precoding granularity = bundling size

	Bundling size
	2 RBs
	6 RBs
	2 RBs
	6 RBs

	Performance Comparison
	Rank 1-4(TU)
	0.3dB
	0.8dB
	-0.8dB
	-3.5dB

	
	Rank 5-8(PA)
	0.4dB
	0.7dB
	0.4dB
	0.6dB


Under PA channel and higher rank transmission (Rank>4), the performance gain of PRB bundling is 0.4dB~0.7dB depending on the bundling size and precoding granularity. When the precoding granularity is fixed to 6 PRBs, the improvement of PRB bundling becomes larger. Under TU channel and lower rank (Rank<=4) transmission, PRB-Bundling could lead to performance loss around 1dB. And even for Rel-10, in the initial stage, the number of the UE capable of supporting higher rank reception is not large. So lower rank transmission (Rank<=4) should have higher priority to be optimized. From this point of view, PRB-Bundling for lower rank should not be induced in Rel-10. In Rel-11, with the potential increase of the UEs supporting higher rank transmission, PRB-Bundling could be considered at that time.

Proposal:
· TU channel should be used to evaluate the performance of PRB-Bundling in rank<=4 transmission

· Under TU channel, PRB-Bundling could lead to performance loss and should not be induced
· PRB-Bundling could be considered in Rel-11, but not in Rel-10
Some companies [10] also propose PRB-Bundling should be use in all cases including all rank, all transmission mode and all subframe configurations. Considering the DMRS pattern has not been specified in extended CP, whether PRB-Bundling could also be used in the extended CP or not is still FFS. 

Proposal:

· The DMRS pattern design for extended CP should be considered before adopting PRB bundling
3 System impacts from PRB bundling 
3.1 Precoding RB groups (PRG) definition for PRB bundling
In [10], precoding RB groups (PRG) is defined for PRB bundling. Until now, it seems that the only difference between PRG and RBG is that when RBG size is 4 the PRG size is 2. Considering the subband size is at least 4 in this case, there is no good reason to set PRG size smaller than 4 which means the precoding granularity is smaller than subband size, especially for FDD system. In Rel-8, the subband sizes for CQI/PMI feedback are listed in Table 2 below. 
Table 2: The relationship between RBG size and subband size in Rel-8
	System BW
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	RBG Size
for resource allocation
(P)
	Subband size for CQI/PMI feedback
 (k)

	
	
	PUSCH 
	PUCCH

	　
	　
	Mode 1-2
	Mode 2-0 and 2-2
	Mode 3-0 and 3-1
	　

	6-7
	1
	NA
	NA
	NA
	NA

	8-10
	1
	4
	2
	4
	4

	11-26
	2
	4
	2
	4
	4

	27-63
	3
	6
	3
	6
	6

	64-110
	4
	8
	4
	8
	8


It appears that a subband for feedback is always an exact multiple number (1, 2, or 4) of RBGs for resource allocation type 0, except for the last subband, and their starting positions are aligned according to the numbering scheme, which is the same for both subbands and RBGs. Therefore, for resource allocation type 0, the same precoder can be applied within one RBG. That means even if PRB-Bundling would be supported, the definition of RBG is enough to implicitly inform UE of the bundling size. Defining another PRG is not necessary except complicated the specification.

Proposal:

· If PRB-Bundling would be supported, bundling size can be implicitly indicated by the RBG size. That means extra definition of PRG is not necessary
3.2 Resource allocation issues from PRB-Bundling

Further more, for resource allocation type 1, and resource allocation type 2, in which there’s no restriction on the start position of resource allocation, it’s possible that within the contiguous PRBs of RBG, different precoders are applied based on the subband CQI/PMI feedback.  In figure 5 and figure 6, the examples of the problems possibly induced by PRB-Bundling under resource allocation type 1 and 2 are shown.
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Figure 5
PRB-Bundling issues under resource allocation type 1
As shown in figure 5, for resource allocation type 1, the resource allocated to a scheduled UE is indicated with bitmap within a selected RBG subset, where each bit of the bitmap addresses a single PRB.
In the given example, the operations of channel estimation for each UE can be summarized as below.
Table 3: channel estimation operations for UEs with resource allocation type 1
	UE index
	Resources allocated
	Channel estimation operations

	UE 0
	RB 0,2,11
	RB 0, 1, 11: Per PRB channel estimation respectively.

	UE 1
	RB 4,9,10
	RB 4:Per PRB channel estimation

RB 9,10:Joint channel estimation across 2 RBs, bundling size is 2RBs

	UE 2
	RB 6,7,12
	RB 6,7:Joint channel estimation across 2 RBs, bundling size is 2RBs

RB 12: Per PRB channel estimation
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Figure 6
PRB-Bundling issues under resource allocation type 2
In Fig.9, the operations of channel estimation for each UE can be summarized as below.
Table 4: channel estimation operations for UEs with resource allocation type 2
	UE index
	Resources allocated
	Channel estimation operations

	UE 0
	RB 0,1,2,3
	RB 0,1,2: Joint channel estimation across 3 RBs within PRG0
RB 3: Per PRB estimation within PRG1

	UE 1
	RB 4,5,6,7
	RB 4, 5: Joint channel estimation across 2 RBs (different with PRG size 3) within PRG1

RB 6, 7: Joint channel estimation across 2 RBs (different with PRG size 3) within PRG2

	UE 2
	RB 8,9
	RB 8: Per PRB estimation within PRG2

RB 9: Per PRB estimation within PRG3

	UE 3
	RB 10,11
	RB 10,11: Joint channel estimation across 2 RBs (different with PRG size 3) within PRG3


It can be seen that for resource allocation type 1 and 2, even through PRG is defined, some UEs can not take advantage of the PRB bundling channel estimation within 3 contiguous PRBs because of PRG boundary problem, e.g. UE 1 in Fig. 8 and UE 2 in Fig.9, and may implement hybrid size of channel estimators within the same allocation, e.g. UE 2 in Fig.8 and UE 0, UE 1 in Fig.9. This increases the UE implementation complexity and the PRG size definition cannot guaranteed the benefit from PRB bundling.
Observation：

· PRB-Bundling could not be used in all cased under resource allocation type 1 and resource allocation type 2

· Differentiating the cases where PRB-Bundling could be used seems not justified the effort considering the marginal gain from PRB-Bundling

Proposal:

· PRB-Bundling should not be supported at least for resource allocation type 1 and resource allocation type 2.
3.3 MU-MIMO issues from PRB-Bundling
In Rel-10 the most important improvement is from MU-MIMO and from performance point of view, it is better that the resource allocated to the paired user is not aligned. [17] In this case and if transparent MU-MIMO is assumed, as that shown in figure 7, the UE1 cannot assume the precoding granularity is multiple RBs (4 PRB in figure 7), because different precoding vector for different paired users may be used on different RB.

[image: image9.wmf]UE

1

UE

1

UE

3

UE

3

UE

2

UE

1

UE

1

UE

2

Frequency

Spatial

PRB 

1

PRB 

4

PRB 

3

PRB 

2


Figure 7
Multi-user pairing issues from PRB-Bundling
Proposal:

· Before the discussion about the resource allocation type for Rel-10 MU-MIMO, it seems PRB-Bundling could not be used together with MU-MIMO

4 Conclusions

In this contribution, we further discussed the necessities of PRB-Bundling in Rel-10. According to the analysis and performance evaluations, we propose:
· PRB-Bundling is not introduced in Rel-10
The reasons are simple:

1. In the common situation of TU channel and Rank <=4 transmission, PRB bundling can lead to a performance loss. 

2. PRB bundling cannot be used with a variety of common resource allocations that will be used, including resource allocation type 1 and type 2 and MU-MIMO

If RAN1 feels that PRB bundling should be further considered, 

· The DMRS pattern design for extended CP should be considered before adopting PRB bundling
· If PRB-Bundling would be supported, bundling size could be implicitly indicated by the RBG size. That means extra definition of PRG is not necessary.
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Appendix
Simulation assumptions

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5MHz

	Number of Antenna
	8×8

	Channel model
	PA, TU spatially uncorrelated

	UE Speed
	3km/h, 30km/h

	Link adaptation
	AMC, rank adaptation within rank 1~8

	Channel Coding
	Turbo code

	HARQ 
	On

	Number of PRBs for scheduling
	6 

	Channel estimation
	 2
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1D- Wiener filter

	PRB bundling size 
	1,2,6 RBs

	Detection Algorithm
	MMSE

	Feedback
	Perfect

	Precoding
	Non-codebook based precoding, SVD

Frequency precoding granularity is the same as the PRB bundling size, or precoding granularity is fixed to 6 PRBs
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