
3GPP TSG RAN WG1 Meeting #66bis




   
 


 R1-113584
Zhuhai, China, October 10 – 14, 2011
Agenda item:
7.5.2
Source: 
Samsung 
Title: 





Discussions on CSI feedback enhancement for homogeneous macro network
Document for:
Discussion and decision
1 Introduction
Downlink MIMO in LTE-Advanced has been enhanced in Release 10 to support 8-layer SU-MIMO transmission and dynamic SU-MU MIMO switching. For the 8-tx antenna case, the CSI feedback to support downlink MIMO has been enhanced with a new dual-codebook structure aimed at improving CSI accuracy at the eNB without increasing the feedback overhead excessively. Precoded reference symbols are provided for data demodulation, allowing arbitrary precoders to be used by the eNB for transmission. MU-MIMO operation is considered by many network operators as important to further enhance system capacity. As agreed in the last RAN-1 meeting, it is therefore worth studying further potential enhancement for MU-MIMO, which includes UE CSI feedback enhancement and control signalling enhancement [1]. As per the RAN1#66 agreement, scenarios A and C are studied with a higher priority compared to scenario B in the DL MIMO SI, with the following motivations

· Single point transmission should be the focus of the DL MIMO SI 

· Coordination aspects have a lower priority in the DL MIMO SI

The feedback solution optimized for single point transmission (Scenarios A/C) can be further optimized for multi-point transmission (Scenario B) if it does not reduce the performance for single point transmission. 
In [2], we have briefly reviewed CSI feedback enhancement proposals made in Rel. 10 and investigated the performance achievable by combining several proposals. Especially, we have observed that 

· CSI feedback should be enhanced in Rel. 11

· A simple combination of a double codebook structure and multi-component report provides non-negligible gains over SU-MIMO based on Rel-10 SU-MIMO report about 12% and 22% in terms of cell average and cell edge throughput, respectively.

In this contribution, we will show the system level simulation results in scenario A. The main focus of the discussion will be on the performance improvement provided by double codebook and rank-restricted feedback. 
2 CSI enhancement schemes
In this section, we give a detailed description of the proposed CSI enhancement schemes for scenarios A
2.1 Proposed Structure of the Recommended Precoder for 4 Tx
For the 4 Tx case, we propose to apply the double codebook structure (W k, k=1, 2) to rank 1 and 2 and keep Rel. 10 precoding scheme for rank 3 and 4. Denoting the rank (corresponding to RI report) as R, and 

· W1(C1 and W2(C2
· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties,

We propose the recommended precoder W to be built as follows [3].

· For rank R=1 or 2, the precoder W for a subband is the matrix multiplication of the two matrices W2 and W1

W=W2 W1


   where W1 ( C1 and W2 ( C2.
· C2 ={C2,0,…, C2,7} is a 3-bit codebook and W2 is a square unitary 4 x 4 diagonal matrix selected in C2, 

· k=0,…,3: 
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· k=4,5: 
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· k=6,7:    
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· C1 is Rel. 10 4Tx rank-1/2 codebook and W1 is a tall Nt x R matrix selected in C1
· For rank R=3 or 4, a precoder W for a subband is selected in Rel. 10 4Tx rank-R codebook.
The last 4 entries of C2 have been updated to boost the performance in dual-polarized channels.
2.2 Multi-Component Feedback
Multiple components report has drawn attention in LTE-A for its benefits in enhancing the performance of the dynamic switching between SU and MU-MIMO. Rank-restricted CQI/PMI feedback and best companion PMI feedback could be used to provide efficient support for MU-MIMO operation:

· Rank restricted SU-MIMO feedback: As suggested in [5, 6], both low rank PMI/CQI/RI feedback for SU-MIMO could be used to generate precoding information and MU-CQI prediction at the network side. 

· Best-companion PMI feedback: As suggested in [7], best-companion PMI feedback can be used to provide enhanced feedback support for MU-MIMO. Essentially, the best-companion PMI informs the eNB about the null-space of the particular UE and this information could be helpful in generating MU-MIMO precoding at the eNB. Alternatively, instead of sending the additional PMI as best-companion PMI to describe the null-space, UE could also send the additional PMI to better describe the signal space. This method is described in detail in [8].

In our views, both methods are good candidates for supporting MU-MIMO operation with minimal modification on top of the existing Rel-10 feedback for 4 Tx. 

In short,  we could potentially time multiplex the two feedback components as shown in Figure 1 in order to support dynamic switching between SU-MIMO and MU-MIMO in one transmission mode. 
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Figure 1: Multiplex Two Feedback Components

As a detailed example, we could have two feedback components: Rel-10 type SU-MIMO CQI/PMI/RI feedback for spatial multiplexing and rank restricted CQI/PMI/RI feedback to enhance MU-MIMO transmission scheme. This can be seen more clearly in Figure 2.
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Figure 2: Multiplex PMI/CQI/RI Based Feedback

In Figure 2, a UE is configured to periodically feedback Rel-10 type of PMI/CQI/RI and periodically feedback low rank  Rel-10 PMI/CQI/RI feedback. The periodicity of feeding back the Rel-10 type of CQI/PMI/RI is P subframes while the periodicity of feeding back the rank restricted feedback is MP subframes. 
3 Performance Evaluation

In this section, we investigate the performance enhancement on dynamic SU/MU-MIMO switching when  rank restricted feedback and double codebook based precoding are used. The obtained results are consequently compared with SU/MU-MIMO dynamic switching with Rel-10 SU-MIMO feedback.
Simulation assumptions are detailed in the Appendix. Performance evaluation results for dynamic SU/MU-MIMO switching in correlated channels with Rel. 10 4bit codebook vs. double codebook and rank restricted feedback are provided in Tables 1. Based on the feedback information, dynamic SU/MU-MIMO switching can be enabled using the scheduler described in [9]. The maximum layer of co-scheduled UEs is limited to 4 in dual-polarized antenna.
Table 1. Scenario A, 4x2 closely spaced dual-polarized (XX-+ channels, 0.5λ antenna spacing).
	SU/MU-MIMO dynamic switching
	Cell Avg 
	50%ile of the user throughput CDF
	5%ile of the user throughput CDF

	Rel-10 SU-MIMO report
	1.4782
	0.1274
	0.0475

	Enhanced CQI/PMI (Double CB with rank restricted feedback) 
	1.7934 (21.32%)
	0.1526 (19.78%)
	0.0491 (3.34%)


Observations: 

· The dynamic switching between SU/MU-MIMO with rank restricted feedback and double codebook structure provides around 20% gain in cell average and 50%ile of the user throughput over SU/MU-MIMO based on Rel-10 SU-MIMO report with DP antenna configuration in scenarios A.
4 Conclusion
In this contribution, we studied the performance gain achievable by combining rank restricted feedback and double codebook structure for dynamic SU/MU-MIMO switching in scenarios A. 

For macro, the combination of double codebook and rank restricted feedback shows:
· Performance gain around 20% gain in cell average and 50%ile of the user throughput with dual-polarized antenna configuration.
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Appendix: Simulation assumptions
Table 7. System Level Simulation assumptions
	Parameter
	Value

	General
	Reuse the macro part of the baseline simulation case for scenario 4 in TR36.819, unless otherwise stated in this table

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per sector
	10

	Handover margin
	1dB

	Downlink transmission scheme
	4x2 multi-layer SU/MU-MIMO dynamic switching based on SU-MIMO RI/PMI/CQI report / MU-MIMO CQI/PMI enhancement

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain. 
Exhaustive search is performed with the MU-MIMO PF metric obtained as the sum of the PF metric of the co-scheduled UEs.

	Downlink link adaptation


	CQI and PMI 5ms feedback period

	
	6RB frequency granularity of PMI/CQI

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	No PMI feedback error 

	
	MCSs based on LTE transport formats [36.213]

	
	4-bit Quantized CQI per CW

	codebook
	Rel. 8 4 bit 4Tx codebook, additional 3 bits for double codebook structure

	Allocation
	Localized

	Total number of RB in one subframe
	50

	scheduling unit
	1 subband = 6 consecutive RBs depending on the reporting mode

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell 

	Data Channel Estimation
	Ideal channel estimation on CSI RS and DM RS. 

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Macro node: 
Cross-polarized: +/- 45 degrees, 0.5 wavelength separation
UE:
VH polarized, 0.5 wavelength separation
ideal antenna calibration

	Overhead calculation
	L=3 OFDM symbols for PDCCH

0.3619

	BS antenna downtilt
	3D: 12 deg

	Feeder loss
	0dB
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