
3GPP TSG RAN WG1 #63bis
R1-110086
Dublin, Ireland, January 17 – 21, 2010
Agenda item:
6.2.2.2
Source: 
Samsung 

Title: 



Reference PDSCH Transmission Schemes for CQI Calculation in Rel-10
Document for:
Discussion and Decision

1 Introduction
In Rel-9, a new reporting configuration was defined for TM8 to facilitate dual-layer beamforming: PMI/RI configuration. For example, a TDD eNodeB may configure a UE not to feedback PMI/RI, since the eNB can exploit channel reciprocity and apply singular-value-decomposition (SVD)-type of precoding with the channel information gathered from the uplink sounding channel. Depending on whether a UE is configured with PMI/RI feedback or not, a reference scheme to be used for calculating CQI is defined in TM8 as shown in Table 1. 
Table 1 Reference PDSCH scheme for a UE’s deriving CQI 
	Transmission mode
	Transmission scheme of PDSCH

	8
	If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing


During the TM9 discussion in Rel-10 so far, RAN1 had an implicit understanding that eNodeB would be able to use the PMI/RI configuration in TM9 as well as TM8. This implicit understanding can be found in the agreed WF about RB-bundling configuration for TM9 [2]: PRB bundling is supported when PMI/RI feedback is configured.
In this contribution, we discuss the CQI reference schemes for TM9,  for the case when for the UE is not configured with PMI/RI feedback. 

2 Review of CQI derivation in TM8

As already discussed in Table 1, a UE configured in TM8 would derive CQI differently depending on whether the UE is configured with PMI/RI report. In particular, when a UE is configured without PMI/RI reporting and when the number of PBCH antenna ports is 2, the UE would calculate CQI assuming transmit diversity, which is essentially an Alamouti 2-TxD scheme. When the eNodeB has two antennas and the UE has two antennas, the received SINR (or the CQI) at the UE equipped with the Alamouti 2-TxD MRC receiver is represented by 
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, which is a squared Frobenious norm of the DL channel matrix 
[image: image2.wmf]ú

û

ù

ê

ë

é

=

22

21

12

11

DL

h

h

h

h

H

. In a TDD system, exploiting SRS and channel reciprocity, eNodeB may be able to figure out the uplink channel matrix 
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.  Then, the two CQIs corresponding to the two eigen-channels may be able to be derived by the received CQI and the UL eigenvalues [3]. 
3 CQI derivation in TM9
Similar to TM8, eNodeB should be able to configure PMI/RI to UEs configured to TM9. Then, depending on PMI/RI is configured or not, a UE would derive CQI differently. However, there is one difference between TM8 and TM9; in TM8, CQI is derived from CRS, while in TM9, CQI is derived from CSI-RS. 
· If PMI/RI is configured for a UE, then the UE can derive CQI with any number of CSI-RS ports, as SM precoder codebooks are available for up to 8 Tx antennas in Rel-10. 
· If PMI/RI is not configured, RAN1 has not made agreements on what transmission scheme the UE should assume for deriving CQI. A baseline method for CQI derivation in TM9 that keeps commonality between TM8 and TM9 would be TxD based CQI derivation. However, this baseline solution is incomplete, as the number of CSI-RS ports can be as large as 8; no TxD scheme has been defined for 8 Tx antennas in RAN1 so far. Hence, to make this baseline solution complete, a reference TxD scheme for CQI derivation should be defined. One easy way to define a reference TxD scheme is to define an antenna virtualization scheme to reduce 8 Tx signals into 2 virtual-Tx signals. 
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Figure 1 X-pol 8-Tx antenna configuration
We focus on the X-pol antenna configuration with 0.5-lambda spacing as shown in Figure 1, which is one of the most important 8-Tx antenna configurations.  To reduce 8 Tx signals into 2 virtual-Tx signals, we group the 8 antennas into two groups: [A0 A1 A2 A3] and [A4 A5 A6 A7], and apply a virtualization vector W=[w1 w2 w3 w4] to construct two virtual antenna ports P0 and P1, as in the following.

P0 = W[A0 A1 A2 A3]t  and   P1 = W[A4 A5 A6 A7]t.
We consider three alternative virtualization vectors:
· Alt 1: W = [1 1 1 1].
· This would be the simplest approach. 

· One drawback of such a virtualization vector is that it will result in spatial nulls in some directions.
· Alt 2: W = [-0.2421 + 0.3241i, -0.4938 + 0.8696i, -0.4938 + 0.8696i, 0.2603 - 0.5622i]. 

· This is for each virtual antenna to form a wide beam. This weight vector was proposed during the e-mail reflector discussion after RAN1#55 for the purpose of Rel-9 dual-layer beamforming simulation. 

· However, one drawback of this virtualization vector is that the amplitude of some elements is less than one, indicating the inability to fully utilizing the available power on some antennas.  
· Alt 3: W = 
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· k is a subcarrier index,

· 
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 is a delay of a small delay CDD scheme, e.g., 1/NFFT.
· 
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 is phase-shift, e.g., 
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· This is a small-delay CDD scheme modified with a constant phase shift 
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.
Observing that Rel-8/Rel-9 CQI in case PMI/RI is not configured is essentially a Frobenious norm of a channel matrix, one metric to compare these three alternatives would be how close the CQI calculated from each alternative is to the Frobenious norm. We consider the Tx antenna configuration shown in Figure 1 and a two-antenna receiver, whose channel matrix is 
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. After an 8-to-2 antenna virtualization with a virtualization vector W=[w1 w2 w3 w4], we would have a 2-TxD CQI:
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If a fixed vector such as those in Alt1 or Alt2 is used, with such a CQI formula the fading will be averaged out across the four antennas within the same group, and the resulting CQI cannot capture the diversity among these antennas.  This is far from the desired Frobenious norm of the channel matrix, where the diversity gain of the channel matrix is fully captured.  On the other hand, a small-delay CDD type of reference scheme can translate the spatial diversity into frequency diversity, and we can capture some that diversity with an EESM operation in the frequency domain. Therefore, the resulting CQI will be closer to the desired Frobenious norm of the channel matrix.
4 Conclusion

For the purpose of CQI calculation and feedback, a reference transmission scheme needs to be defined for the case when PMI/RI is not configured in TM9.  In this contribution, we propose a reference transmission scheme that combines antenna virtualization and transmit diversity. In addition, we propose to use a small-delay CDD based antenna virtualization method such that the resulting CQI is closer to the desired Frobenious norm of the channel.
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