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1 Introduction

In RAN1# 60bis meeting, it was agreed [1] that PRB bundling means that 
· UE may assume that precoding granularity is multiple RBs.
· UE is still allowed to perform single-RB channel estimation.
The following agreements [2-4] were accepted during RAN1#61 meeting. It is proposed to 
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PRB bundling is supported when PMI/RI feedback is configured
· Define fixed system bandwidth (      ) 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.

· Additional configuration of PRB bundling is FFS.
· The size of a PRG is only determined by the corresponding system bandwidth as table 3.
Besides these agreed items, there are still some remaining issues to be resolved including scenarios for triggering PRB bundling, control signaling indications for PRB bundling, possible PRG size definitions. In this contribution, we share our views on these remaining issues.
2 Scenarios for PRB bundling 
2.1 Resource allocation issues from PRB-Bundling
A PRG consists of consecutive PRBs, and UE can always assume same precoder over the PRBs within the PRG. Herein, joint channel estimation can be implemented within the PRG to improve the channel estimation accuracy. But this performance gain should not be at the expense of highly complicating the UE behaviour. Keeping this in mind, we will further discuss the system impacts from PRB bundling.
For resource allocation type 0, where the resource is allocated in the unit of RBG, the PRG boundary aligns with the RBG, so it seems PRB bundling can be supported to some extent. However, for resource allocation type 1, and resource allocation type 2, in which there is no restriction on the start position of resource allocation, it is possible that either UE’s scheduled resources are not aligned with the PRG boundary, or the size of allocated PRBs that fall into the PRG range is less than PRG size [5]. In figure 1 and figure 2, the examples of the problems possibly introduced by PRB-Bundling under resource allocation type 1 and 2 are shown.
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Figure 1
PRB-Bundling issues under resource allocation type 1
As shown in figure 1, 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 1: channel estimation operations for UEs with resource allocation type 1
	UE index
	Resources allocated
	Channel estimation operations

	UE 0
	RB 0,4,5
	RB 0: Per PRB channel estimation.

RB 4, 5: Joint channel estimation across 2RBs.

	UE 1
	RB 2,7,10,11
	RB 2, 7: Per PRB channel estimation respectively.
RB 10,11:Joint channel estimation across 2 RBs, bundling size is 2RBs
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Figure 2
PRB-Bundling issues under resource allocation type 2
In figure.2, the operations of channel estimation for each UE can be summarized as below.
Table 2: channel estimation operations for UEs with resource allocation type 2
	UE index
	Resources allocated
	Channel estimation operations

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

	UE 1
	RB 3,4
	RB 3: Per PRB estimation within PRG1
RB 4: Per PRB estimation within PRG2

	UE 2
	RB 5
	RB 5: Per PRB estimation within PRG2

	UE 3
	RB 6,7,8
	RB 6,7: Joint channel estimation across 2 PRBs 
RB 8: Per PRB estimation within PRG3


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

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

Proposal:

· PRB-Bundling should only be supported for resource allocation type 0.

2.2 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 not aligned PRBs allocated to the paired user is allowed. [6]. Further more, in Rel-9, MU-MIMO paired users could use different resource allocation type, e.g. resource allocation type 0 for one user (UE1) and resource allocation type 1 for the other users (UE2, UE3) as that shown in figure 3. If following this design, then the UE1 can not assume the precoding granularity is multiple PRBs (2 PRB in figure 3), because different precoding vector for different paired users may be used on different RB. 
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Figure 3
Multi-user pairing issues from PRB-Bundling
Proposal:

· PRB bundling is not supported for lower rank
· If PRB-Bundling is supported for MU-MIMO, then the paired UEs should always be scheduled with the same resource allocation type.
3 Discussion on PRG size
The specific PRG size has been agreed during previous meeting except for the case of system bandwidth 27~63 RBs as seem in the table 3.
Table 3: the relationship between PRG size and System Bandwidth
	System Bandwidth (
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)
	PRG size 

	≤10
	1

	11 – 26
	2 

	27 – 63
	2 or 3 to be determined

	64 – 110
	2


For PRG size of 1 RB, it actually means that a UE may only perform single-RB channel estimation. When PRG size is 2RBs, PRB bundling is enabled and UE performs 2-RB joint channel estimation. If PRG size of 3RBs is introduced, the UE has to implement 3 hybrid channel estimators with 1-RB channel estimator, 2-RB channel estimator, 3-RB channel estimator, which consequentially complicates the receiver’s implementation.  On the other hand, from performance perspective, the bundling gain from 3RB to 2RB is very marginal comparing with 2RB to 1RB. Furthermore, if 3 RBs is defined as the PRG size in case of system bandwidth with 27~63 RBs, then it seems meaningless for a even larger system bandwidth (64~110 RBs) adopting a smaller PRG size with 2 RBs. Regarding all the above discussions, we think that two types of definition for PRG size with 1 RB and 2 RBs is enough taking performance and implementation into account.
Proposal:

· PRG size should be fixed with 2 RBs when system bandwidth is larger than 10RBs.
4 Conclusions
In this contribution, we further discussed the remaining issues of PRB-Bundling in Rel-10. According to the agreements and analysis, we propose:

· PRB-Bundling should only be supported for resource allocation type 0.
· PRB bundling is not supported for lower rank.
· If PRB-Bundling is supported for MU-MIMO, then the paired UEs should always be scheduled with the same resource allocation type.
· PRG size should be fixed with 2 RBs when PRB bundling is applied. 
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