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1 Introduction

In RAN1#61 the following was agreed in relation to PRB bundling:
· PRB bundling is supported when PMI/RI feedback is configured

· Additional configuration of PRB bundling is FFS

· The size of a PRG is only determined by the corresponding system bandwidth
	System BW (RBs) 
	PRG size (PRB)

	<=10
	1

	11-26
	2

	27-63
	Either 2 or 3

(decide at RAN1#61bis)

	64-110
	2


In this contribution we present our views on

1. Bundling size when system BW is 27 to 63 RBs

2. Bundling with open loop beamforming 
2 PRB Bundling with PRG size of 3 RBs
The resource allocation types defined in Release 8 of LTE ‎already introduce a concept of resource block group (RBG) for bitmap indication. The bundling size could be chosen to be a factor that divides the RBG size and bundling could be used with such a resource allocation scheme. In this case, the scheduler complexity of resource bundling is no different from that of supporting resource allocation types in Release 8 and there is little specification impact for supporting bundling. The only requirement is that UE needs to have knowledge of allocation granularity corresponding to a transmission. The eNB needs to ensure that the same precoding is used over the allocation granularity size. However, one disadvantage of this approach is that the bundling size could be different for different bandwidths. The UE hence needs to support bundling size of 1, 2 and 3 RBs. 

To reduce UE complexity while still enabling bundling gains we prefer to limit the maximum bundling size to 2 RBs. We compare the performance with 
· Approach 1:  Bundling size of 3 
· Approach 2: Bundling size is limited to 2
The data allocation scheme shown in Fig. 1 that penalizes approach 2 the most is chosen for these simulations. The performance difference is expected to be smaller for other data allocations. The remaining simulation assumptions are specified in the Appendix.
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Figure 1: Data allocation
From the throughput curves in Fig. 2 to Fig. 5, we find that that by limiting to 2 RB bundling the loss is at most 0.4db for SNR < 20db for the worst case data allocation. Based on these results we feel that limiting to 2RB bundling is a reasonable compromise to make considering the UE complexity increase in supporting an additional bundling size.
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Figure 2: TU 4x2 3 Kmph
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Figure 3: Ped A 4x2 3 Kmph
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Figure 4: TU 4x2 30 Kmph
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Figure 5: Ped A 4x2 30 Kmph

3 PRB Bundling for Open Loop Beamforming
Bundling enables UE to estimate the precoded channel jointly across RBs and hence improves the channel estimation performance. For low speed UEs, the precoders are typically selected based on feedback from the UE and used before the channel has changed significantly. For high speed UEs, open loop schemes such as precoder cycling can be employed where several different (randomly selected) precoders are used for the data allocated to the UE. The aim is to sweep many different directions to make the channel appear ergodic. 

In UE-RS based transmission without bundling since the precoded channel is estimated per RB the same precoder has to be used within an RB while a different precoder can be used across different RBs. If a UE is allocated 4 RBs for data transmission, the eNB can use 4 different precoders. When bundling is enabled, the same precoder has to be used across the bundled RBs thus reducing the number of precoders used. For example, if the bundling size is 2 RBs, for 4 RB data allocation only 2 precoders may be used. This reduction in the number of precoders used could offset the gain due to bundling especially for small data allocations. For large data allocations, such as 24 RB data allocation, the number of precoders used with no bundling is 24 and with 2RB bundling is 12.  The loss due to non ergodicity of the channel from 24 precoders to 12 precoders is expected to be much smaller than when going from 4 precoders to 2 precoders. 
In Fig. 6 to Fig. 17 we present simulation results comparing performance of open loop beamforming with and without bundling for moderate and high speed and for different data allocation sizes. The detailed simulation assumptions for are specified in the Appendix. We observe that for small data allocations such as 4 RBs (Fig. 6 to Fig. 9) bundling hurts performance while for large allocation sizes such as 24 RBs (Fig. 14 to Fig. 17) bundling helps performance. For small data allocation it is beneficial to not have bundling since the gain due to bundling is lost due to use of fewer precoders. For large data allocations bundling is beneficial. 
We therefore propose enabling / disabling bundling for the open loop scheme based on the data allocation size. 
4 RB Data Allocation
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Figure 6: TU 8x2 30 Kmph
[image: image7.emf]-10 -5 0 5 10 15 20 25 30

0

500

1000

1500

2000

2500

3000

SNR (dB)

Throughput (Kbps)

TU 8x2 120 Kmph        

 

 

4RB Data, No Bundling             

4RB Data, 2RB Bundling            

 Figure 7: TU 8x2 120 Kmph
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 Figure 8: Ped A 8x2 30 Kmph
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 Figure 9: Ped A 8x2 120 Kmph
8 RB Data Allocation
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Figure 10: TU 8x2 30 Kmph
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 Figure 11: TU 8x2 120 Kmph
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 Figure 12: Ped A 8x2 30 Kmph
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 Figure 13: Ped A 8x2 120 Kmph
24 RB Data Allocation
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Figure 14: TU 8x2 30 Kmph
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 Figure 16: TU 8x2 120 Kmph
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 Figure 15: Ped A 8x2 30 Kmph
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 Figure 17: Ped A 8x2 120 Kmph
4 Conclusion

In this contribution we studied two remaining aspects on PRB bundling.

· PRB bundling size when PRG=3 – We compared performance with bundling size of 3 with bundling size limited to 2 RBs and found that for SNR range of interest ( < 20 dB) the different is at most 0.4 db for an data allocation scheme that is chosen to maximize the gap between the curves. 

· PRB bundling for Open loop BF – We noted that there is a trade-off between the number of precoders used in the open loop transmission scheme and the bundling size. We showed that for small data allocation, bundling hurts performance since the channel estimation gain due to bundling is lost due to use of fewer precoders while for large data allocations, bundling is beneficial. We therefore propose enabling / disabling bundling for the open loop scheme based on the data allocation size. Note that adopting such a scheme doesn’t require any additional signaling. 
Appendix A - Simulation Assumptions 

In Table 1 different simulation assumptions for UE-RS simulations is listed.
Table 1 Simulation Assumptions 
	Parameter
	2RB versus 3 RB bundling
	Bundling for open loop beamforming

	Transmission Bandwidth
	5MHz
	5MHz

	Channel Model
	Ped-A, TU with 3, 30 km/h
	Ped-A, TU with 30, 120 km/h

	Number of Tx antennas x number of Rx antennas
	4x2
	8x2

	Receiver Type
	Linear MMSE
	Linear MMSE

	Allocation Size 
	6 RBs
	4, 8, 24 RBs

	Number of Control Symbols
	3
	3

	Number of CRS antenna ports
	2
	2

	CQI/Precoding feedback
	Perfect feedback, for the data subband,
	No PMI feedback.

Perfect OL CQI feedback.

	Precoding granularity
	6RBs
	-

	Number of precoding/rank
	 64
	 64

	Channel Estimation
	2D MMSE with uniform doppler and delay spread. 

Tuning speed of 10, 30, 120 kmph for speed of 3, 30, 120 kmph

Delay spread assumed to be 3 us for Ped-A and 5 us for TU.

	Interference Estimation 
	Perfect


Further details about the simulations are given below:

· The precoding codebook consists of rotated DFT precoding matrices. 

· CQI/RI/PMI computation is based on perfect channel knowledge with feedback periodicity of 3ms and feedback delay of 3ms.

· Packets are scheduled using the RI, CQI and PMI (when reported) reported by the UE.

· Target HARQ termination: 10% after 1st transmission.

· Per codeword outer loop MCS adjustment loop is run to meet the target termination.

In these simulations, we assume adaptive rank selection. The transmission rank is based on the CQI/RI/PMI report from the UE. 
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