Page 1

3GPP TSG-RAN WG1 #61        














          R1-102754
10th - 14th May, 2010

Montreal, Canada
Agenda item:
6.3.1.2
Source: 
Qualcomm Incorporated
Title: 
On PRB bundling support
Document for:
Discussion

1 Introduction

The UE-RS pattern in normal subframe for rank upto 8 has been agreed. The patterns is based on a hybrid CDM/FDM approach with spreading using two orthogonal cover codes on two REs in time (OCC=2) for rank upto 4 and with 4 orthogonal cover codes and spreading over 4 REs (OCC=4) in time for rank > 4. 
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Two aspects remain for the normal CP pattern – the OCC mapping for rank > 4 and whether PRB bundling will be supposed. Our views on OCC mapping are discussed in [1]. Here we present our views on PRB bundling,
2 PRB Bundling
PRB bundling refers to the use of UE-RS on multiple RBs for channel estimation. Since the channel is correlated across contiguous RBs, the ability to use multiple RBs can enhance channel estimation. However this requires the use of the same precoding matrix across the RBs that are bundled. Since with UE-RS the eNB has full flexibility in choosing the precoding matrices across different RBs, some signalling may be needed to inform UE that the precoding doesn’t change in the group of bundled RBs. 
Whenever the same precoding matrix is used across multiple RBs, bundling is expected to provide some gains. In FDD, it is quite likely that eNB uses the precoding matrix reported by the UE and hence within the PMI reporting granularity, the precoding matrix is likely to be the same. However, enforcing bundling always would result in loss in frequency selective precoding gains. In TDD, for example, a different precoding matrix can be chosen for each RB using reciprocity. To achieve both the gains, the UE may need to implement multiple channel estimators for cases with and without bundling which increases the UE complexity. In RAN1#60bis it was clarified that PRB bundling means  
· UE may assume that precoding granularity is multiple RBs.

· UE is still allowed to perform single-RB channel estimation.
Hence, even if bundling is supported, it is not mandatory for all UEs to make use of it. Our preference though is to have a fixed bundling size for a given rank. 

We believe that bundling for rank <=4 and rank > 4 needs to be treated separately. 
· The effective density of pilots per layer for rank <= 4 with OCC=2 is “double” that of rank >4 with OCC=4 and hence bundling is expected to provide smaller gains in that case. By effective density we mean the number of pilot observations after despreading. 
· Higher rank transmissions aren’t expected for very frequency selective channels. Therefore, the impact of precoding granularity reduction of bundling (for relatively small bundling sizes) is not expected to be significant.
In the remaining document we present simulations results for different bundling sizes for rank <=2 and fixed rank 6 and draw conclusions from them. The simulation assumptions are provided in the Appendix.
3 Simulation Results for Rank <=2 
In Fig. 1 to 6, the throughput is plotted for different bundling sizes. For 3 Kmph, the gain from no bundling to bundling of 2 RBs is 0.5 dB for most SNR to upto 1 dB at high SNR and from no bundling to 6 RB bundling is around  0.7 dB for most SNR and  1.5 dB at high SNR. The gains of bundling are higher for higher speed.
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Figure 1 Throughput vs. bundling size 
TU 4x2 3 Kmph
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Figure 2 Throughput vs. bundling size 
TU 4x2 30 Kmph
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Figure 3 Throughput vs. bundling size 
Ped A 4x2 3 Kmph
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Figure 4 Throughput vs. bundling size 
Ped A 4x2 30 Kmph
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Figure 5 Throughput vs. bundling size 
Ped B 4x2 3 Kmph
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Figure 6 Throughput vs. bundling size 
Ped B 4x2 30 Kmph
4 Simulation Results for Fixed Rank 6 
In this section, Fig. 7-12 we present simulation results with and without interference estimation for fixed rank 6. We see that the gains with bundling for perfect interference estimation is small. However, when we also consider interference estimation it is clear that bundling provides significant gains. Note that the channel is estimated across the bundled RBs but interference is estimated per RB.
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Figure 7 Ped A 8x8 3km/h Perfect Interf Estimation
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Figure 8 Ped B 8x8 3km/h Perfect Interf Estimation
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Figure 9 TU 8x8 3km/h Perfect Interf Estimation
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 Figure 10 Ped A 8x8 3km/h Estimated Interference
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Figure 11 Ped B 8x8 3 Kmph Estimated Interference
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Figure 12 TU 8x8 3 Kmph Estimated Interference

5 Specification Impact of Bundling
The resource allocation types defined in Release 8 of LTE ‎ [2] , already introduce a concept of resource block group (RBG) for bitmap indication. We believe that the scheduler complexity of resource bundling is no different from that of supporting resource allocation types in Release 8. The bundling size could be chosen to be a factor that divides the RBG size and bundling could be used only with such a resource allocation scheme. For such a scheme there is little specification impact. 
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.
6 Conclusion

In this contribution we studied performance with bundling for low and high rank. 
We showed that the gains with bundling can be quite large for high ranks especially as we go from no bundling to bundling of 2 RBs. 
Based on the results presented here and based on the observation that higher rank transmissions are likely to be used for less frequency selective channels we propose that bundling be supported in LTE-A for rank > 4. 
To keep specification impact minimal, we propose using bundling only with type 0 resource allocation (or its Rel-10 equivalent) and choosing a fixed bundling size that divides the RBG size for that bandwidth. 
Although we do see some gains with bundling for lower ranks, we prefer not using bundling for lower ranks to simplify UE implementation.
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Appendix A - Simulation Assumptions 

In Table 1 different simulation assumptions for UE-RS simulations is listed.
Table 1 Simulation Assumptions for UE-RS Simulations
	Transmission Bandwidth
	5MHz

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

	Number of Tx antennas x number of Rx antennas
	8x8, 4x2

	Receiver Type
	Linear MMSE

	Allocation Size 
	12 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	CQI/Precoding feedback
	Perfect feedback, for the data subband,

	Precoding granularity
	6RBs

	Number of precoding/rank
	 64


Further details about the simulations are given below:

· Channel estimation is performed based on 2-D MMSE per each resource block. Uniform Doppler spread and uniform delay spread profile are assumed for forming the 2-D MMSE interpolator.

· The tuning speed is  10, 30 km/h for 3, 30 km/h simulations

· Frequency profile is assumed by uniformly distributed over 2 us for Ped-A and 3 us for Ped-B.

· Interference estimation is average of covariance matrix of received signal – estimated pilot signals.
· 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 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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