3GPP TSG RAN WG1 Meeting #60                                                   
R1-101103
San-Francisco, USA, 22nd – 26th February, 2010
Title: 
Feedback Reduction in DL MU-MIMO using Pre-Assigned Companion Subsets
Source: 
Research In Motion, UK Limited

Agenda Item:
7.2.4.1.1
Document for: 
Discussion and Decision
1. Introduction
One of the most important features of MIMO systems is the ability to serve more than one UE on the same time/frequency resources. This feature is called Multi-User (MU) transmission. There has been extensive research on the downlink (DL) MU-MIMO in the literature. The main challenge in implementation of DL MU-MIMO is the inter-UE interference due to the lack of perfect channel state information (CSI) at eNB and UE. This may degrade the performance of DL MU-MIMO dramatically and even eliminate the benefit of using MU transmission. In Release 8, the main focus was on the UE-transparent schemes in which the UE operation does not change much between the single user (SU) or MU transmissions. Due to weak performance of such schemes, in Release 10 (LTE-A), many new schemes were proposed trying to improve the performance of MU-MIMO transmission [1]-[6]. Most of these schemes require much more feedback and signalling overhead compared to Release 8 schemes.

In this contribution, an implicit feedback scheme is introduced for DL MU-MIMO with the following properties which may not require an explicit best companion (BC) PMI report, but yet provide the similar performance as scheme using explicit BC PMI report. In addition, accurate MU-CQI reports are

·  Not requiring an explicit BC report. In other words, we would like to keep the feedback overhead almost the same as SU-MIMO transmission. This property is based on the structure of the precoding codebook, which can also be observed in the codebook adopted by Rel-8. Therefore it can be transparent to the UEs, meaning that the UE feedback bandwidth is the same for SU-MIMO and MU-MIMO transmission. 

·  Supporting accurate CQI report for pairing and link adaptation. In this way, the eNB does not need to project the CQIs feedback from UEs.

·  Supporting easy and flexible UE pairing at eNB.

·  Achieving good performance in terms of system throughput.

2. A feedback scheme with implicit Best Companion PMI report
We consider a general setup in which eNB has M antennas and that L UEs are paired for MU-MIMO. The channel matrix for the ith UE is denoted by Hi. Using an implicit feedback scheme, the channel of each UE is quantized by a codebook consisting of 2​B codewords, where B is the number of bits representing the codebook. Then, UEs feedback the PMI to eNB based on the quantization index. Each UE finds its codeword index based on, for example,  the following equation:
[image: image1.emf]                                                                   (1)

where [image: image2.emf]are the codewords in the codebook. In the following, a general scheme for feedback and pairing in DL MU-MIMO is descried, which is based on pre-assigned companion codeword as defined in the following:

Definition: A set of size m pre-assigned companion codewords for the codeword wl is defined as the set of m codewords in the codebook with the maximum Chordal distance to wl. If more than m codewords found to have the same (or greater) Chordal distance to wl, the ones who empirically result in better performance are selected. As an example, consider the Rel-8 rank-1 codebook as shown in Figure 1 with B=4 and t=1: 
[image: image3.emf]
Figure 1: Structured Rel-8 codebook

In this codebook, the codewords in the same row (shown with the same colour) are mutually orthogonal to each other. Hence, for the case of m=3, all codewords in the same row could be  considered as the pre-assigned companion codewords. Also, for m=1, based on the simulation results, as an example, the first codeword (codeword #1) could have the most chance of selecting codeword #3 as the best companion. For the rest of the codewords, the index of the pre-assigned companion codeword for m=1 is shown in Table 1 as an exmaple. In general, the best companion codeword can be pre-assigned using a lookup table designed offline. 
 Table 1  Index table of pre-assigned best companion codewords for the codebook of figure 1
	Codeword index
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Best Companion index
	3
	4
	1
	2
	8
	7
	6
	5
	11
	12
	9
	10
	16
	15
	14
	13


3. Calculation of MU-CQI

To achieve better MU-MIMO performance, MU-CQI could be calculate at UE and feedback to the eNB in addition to SU-CQI. 
The MU-MIMO scheme based on   the MU-CQI calculation and feedback   could be done as follows:
·  Each UE computes the CQI taking into account the effect of interference from the pre-assigned companion codewords. This CQI is called MU-CQI. Since there are various options for UE pairing, there may be various choices of computing MU-CQI. For example, in the case of M=4, single-layer transmission, size m=3 pre-assigned companion set and assuming MMSE-IRC receivers at UEs, the following options exist for computing the MU-CQI:

· For L=4, all pre-assigned companion codewords are considered in the interference term. In this case, the SINR can be computed as follows:

[image: image4.emf]  

(2)

where SINR-4 denotes the SINR when 4 UEs are assumed to be paired and wi,bc(l) denotes the lth pre-assigned companion codeword. The mapping between the SINR-4 and MU-CQI-4 can be done the same way as the SU case. 

· For L=2, up to three MU-CQIs can be computed and reported back based on which pre-assigned companion codeword is used. Similar to (2), the corresponding SINR for the lth MU-CQI can be written as

[image: image5.emf]
l=1,2,3       (3)

where SINR-2i(l) denotes the SINR when the i’th UE and the l’th UE in the companion set of this UE are assumed to be paired. The mapping between the SINR-2 and MU-CQI-2 can be done the same way as the SU case.

·  After receiving the feedback information, eNB pairs the UEs based on their PMI and MU-CQI.
·  After the UEs are paired, the eNB performs precoding based on the PMI of the paired UEs. 

The proposed feedback scheme could support both MU-MIMO and SU-MIMO. Consider the case of MU-MIMO transmission with two UEs and with m=1,  each UE only computes the MU-CQI for one companion codeword. This makes the above algorithm much simpler. Furthermore, only one MU-CQI value should be fed back to the eNB for each UE. To support both MU- and SU-MIMO, they can send SU-CQI as baseline and MU-CQI could be fed back as a ΔCQI representing the difference between SU-CQI and MU-CQI. Note that sending ΔCQI requires fewer number of feedback bits as compared with feedback of absolute SU-CQI or MU-CQI since its dynamic range is more limited. In this way, no additional signalling is required to switch between SU-MIMO or MU-MIMO transmission.

In general, the larger m is (more pre-assigned companion codewords) the more flexibility eNB will have for pairing, with the price of more feedback overhead. Hence, it is essential to find the optimal trade-off point in terms of performance and feedback overhead. Considering the example where eNB has four Tx antennas and two UEs paired in MU-MIMO scheduling . only one MU-CQI needs to be computed and fed back to eNB when m=1. Whereas for m=3, three MU-CQI need to be calculated and fed back, which could be realized by feeding back one SU-CQI plus three ΔCQIs for MU-CQIs . However, in the case of m=3, eNB has more flexibility for pairing especially when the total number of UEs is small. In fact, if the total number of UEs is small, it is highly probable that the eNB cannot find appropriate UEs and is forced to work in the SU mode in the case of m=1. This probability is compared with the case of m=3 in the following figure: 
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Figure 2: Probability of SU/MU mode switching vs number of companion codewords
Therefore, the appropriate selection of m in general depends on total number of UE  in the system.
4.  Simulation Results
To examine the performance of the proposed scheme a link-level simulation is run. The following table shows the simulation setup:

	Parameter 
	Value 

	Channel Model 
	SCM Urban-Micro @ 3kmph 

	System Bandwidth 
	10 MHz 

	Assigned RBs 
	5 (narrow band) 

	Antenna Configuration 
	4x2, ULA, 0.5 lambda 

	UE Pairing 
	Based on MUCQI and PMI 

	Total number of UEs 
	10 

	Link adaptation 
	Based on reported MU-CQI from each UE to select MCS 

	Feedback 
	PMI: on assigned bandwidth 

MU-CQI: on assigned bandwidth 

	PMI codebook 
	Rel-8 DL codebook 

	Number of paired UEs and layers 
	Two UE, each with one layer 

	Receiver at the UE 
	MMSE-IRC 

	
	

	
	

	
	


The following figure depicts the sum-rate throughput of the proposed scheme versus two other schemes:
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In the above figure, DYNPMI denotes the proposed scheme for m=1 and DYNPMI+ denotes the proposed scheme for m=3. PMI is the scheme in which the pairing is performed solely based on PMI feedback (note that however, link adaptation is performed based on MU-CQI) and PMI+ is the scheme in which each UE sends one companion codeword in addition to their PMI feedback, This companion codeword correspond to the codeword which will introduce the least interference to the UE with the PMI precoding.  Note that the CQI for both PMI and PMI+ schemes only assumes UE feedback SU-CQI. As it can be observed, DYNPMI outperforms PMI+ by at least 2 dB for all SNR values with less amount of feedback. It is believed that the gain mainly comes from the fact that eNB could utilize the MU-CQI feedback from the UE to pair the UEs in MU-MIMO and thus maximize the performance of MU-MIMO, while for PMI and PMI+ schemes, as only SU-CQI is fed back from the UE, such benefits could not be exploited.  This observation emphasizes the need for the feedback of MU-CQI in DL MU-MIMO. Furthermore, the performances of DYNPMI and DYNPMI+ are very close to each other. This is due to the assumption of high mobile count (N=10).

5. Conclusion
In this contribution, a low-complexity feedback and pairing scheme based on pre-assigned companion codeword is described, which has the following properties:

· No additional feedback required for best companion report

· Precise MU-CQI report from UEs

· No CQI projection needed at the eNB

· Dynamic switching between SU and MU modes

· Supporting multi-dimensioning and multiple layers per UE in MU-MIMO
· Support both transparent and non-transparent modes

As implicit PMI/CQI feedback is widely considered as the most promising technique for LTE-A MIMO transmission, it is believed that described feedback scheme should be considered as the natural extension of Rel-8 PMI/CQI feedback to support LTE-A MIMO transmission, especially MU-MIMO transmission. 

6. Proposal

Given the performance improvements from the use of MU-MIMO based CQI, we propose that:

· UE reports CQI feedback conditioned on eNB transmitting to one user in a set of RBs
· UE additionally reports CQI feedback conditioned on eNB transmitting to multiple users in the same set of RBs
· FFS: UE could feedback BC PMI report implicitly or with reduce overhead.
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