3GPP TSG RAN WG1 Meeting #54bis                                             R1-083684
Prague, Czech Republic, September 29 – October 3, 2008
Source:
NTT DOCOMO
Title:
UL MIMO Transmission Schemes in LTE-Advanced
Agenda Item:
11
Document for:  Discussion and Decision

1. Introduction
In the coming LTE-Advanced era, higher average, cell edge, and peak frequency efficiencies will be required compared to those for Rel-8 LTE [1] to satisfy the increased traffic demand. Many companies consider that MIMO channel transmission, i.e., MIMO diversity and MIMO spatial multiplexing, with multiple RF transmitters in the uplink is a key technique to increase the spectrum efficiency. This contribution presents our views on transmit diversity and MIMO spatial multiplexing schemes that are appropriate for the respective uplink physical channels with two transmitters for LTE-Advanced. 
2. Benefit of MIMO Channel Transmission for Respective UL Physical Channels
Multi-antenna transmission with multi-transmitters directly contributes to an increase in the peak data rate and user throughput. Therefore, the application of MIMO spatial multiplexing and transmit diversity to a shared data channel is very beneficial in increasing the user throughput.
Backward compatibility with legacy LTE UEs, e.g., Rel-8 LTE UEs, in the same frequency spectrum is another important requirement for LTE-Advanced. This means that LTE-Advanced should support Rel-8 LTE UEs within the same spectrum. Thus, the cell configuration for LTE-Advanced is basically identical to that for Rel-8 LTE UEs. We should design transmit diversity and MIMO channel transmission techniques keeping this assumption in mind. 

In the following section, the transmit diversity schemes appropriate for the respective uplink physical channels are investigated taking into account the factors mentioned above.
3. Transmit Diversity Scheme for Respective Uplink Physical Channels
3.1. Physical Random Access Channel (PRACH)
Table 1 gives the comparisons of two-antenna transmit diversity schemes with two-transmitters for PRACH. 
· Frequency Selective Transmit Diversity (FSTD) and Space Frequency Block Code (SFBC): The peak-to-average power ratio (PAPR) or cubic metric (CM) of the two schemes is higher than other transmit diversity schemes due to the deterioration in the single carrier (SC) property. Hence, these schemes are inappropriate since the achievable coverage of the PRACH is reduced. 

· Cyclic Delay Diversity (CDD): The accuracy of the received signal timing detection is degraded because of the reduction in the average received signal power per path [2]. Hence, CDD is inappropriate for application to the PRACH.

· Precoding Vector Switching (PVS) or Time Selective Transmit Diversity (TSTD): From the viewpoint of the achievable performance such as the detection probability, both PVS and TSTD are appropriate candidates for the PRACH. In particular, PVS can take advantage of the transmission power resources of the two transmitters.
As mentioned above, the coverage of LTE-Advanced is decided based on the coverage of Rel-8 LTE, since Rel-8 LTE UEs are supported within the same spectrum. Two-antenna TSTD with one RF transmitter can be applied in Rel-8 LTE with options. Hence, even if PVS is applied to the PRACH in LTE-Advanced, the possible extension of coverage of the LTE-Advanced PRACH does not contribute to extending the cell coverage in LTE-Advanced. Thus, it may not be necessary to employ advanced transmit diversity with two transmitters. As a result, we consider that TSTD is appropriate (or sufficient) for the PRACH considering the commonality to PRACH in Rel-8 LTE.

Table 1 – Comparison of two-antenna transmit diversity schemes for PRACH
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3.2. Physical Uplink Control Channel (PUCCH)
Table 2 lists candidates for the transmit diversity schemes for the PUCCH. Similar to the PRACH, the application of transmit diversity to the PUCCH does not contribute to an increase in the cell coverage. However, the application of transmit diversity to the PUCCH can reduce the interference to the PUCCHs of other cells, although further investigation is required. From the viewpoint of the transmit diversity gain, a low PAPR, and the orthogonality among code division multiplexed Rel-8 LTE UEs, TSTD, PVS, CDD, and STBC (only appropriate for CQI transmission) are candidates for the PUCCH. Further investigation is necessary for the PUCCH.

Table 2 – Comparison of two-antenna transmit diversity schemes for PUCCH
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3.3. Physical Uplink Shared Channel (PUSCH)
As described in Section 2, application of transmit diversity to the PUSCH is beneficial in increasing the user throughput especially at the cell edge. In Rel-8 LTE, closed-loop antenna switched transmit diversity (CL-ASTD) was specified as a UE option (Fig. 1(a)). For the LTE-Advanced UE, closed-loop type precoding with multiple RF transmitters can be applied in order to increase further the user throughput as indicated in Fig. 1(b). This is because closed-loop type precoding principally achieves a higher transmit diversity gain compared to that for open-loop type transmit diversity under low mobility conditions due to the directive beam gain. Furthermore, precoding has high affinity to frequency-domain scheduling. 

[image: image3.emf]Transmit data

UE

Node B

#1

#2

RF

transmitter

RF

transmitter

UE

Node B

#1

#2

RF

transmitter

Transmit data

Precoding

weight multiplication

Antenna 

switching

(a) CL-ASTD(Rel-8 LTE) (b)  CL-precoding


Figure 1 – Closed-loop type transmit diversity for PUSCH
Our views on the uplink precoding scheme are given hereafter. 

· Codebook-based precoding using the feedback of the precoding vector index from the eNB should be the baseline similar to the case for downlink MIMO.
· A sounding reference signal (SRS) should be transmitted from the respective antennas without precoding in order to select the appropriate precoding vector index at the eNB as well as to measure the channel quality, i.e., CQI.
· A demodulation reference signal (DMRS), which is used for channel estimation of data symbols, should be precoded as well. 

· For TDD, the possibility to adopt non-codebook based precoding is FFS.

· A common precoding vector over the entire transmission bandwidth should be the baseline for DFT-spread OFDM radio access.

· The application of different precoding vectors for each RB (or subband) increases the PAPR due to DFT-spread precoding. 
Figures 2(a) and 2(b) show the CM value as a function of the precoding subband size when the transmission bandwidth of the UE is fixed to 40 RBs for QPSK and 16QAM data modulations, respectively. From the figures, according to the reduction in the precoding subband from 40 RBs to 20 RBs and 1 RB, the CM value is increased by approximately 0.5 (0.4) dB and 2.3 (1.5) dB for QPSK and 16QAM cases, respectively.

· A common precoding vector is used over the entire transmission bandwidth for clustered DFT-spread OFDM 
· We recommend applying a common precoding vector over the entire transmission bandwidth of a UE when clustered DFT-Spread OFDM is employed. However, the gain from different applications of precoding vectors for different clusters should be investigated. 
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Figure 2 – CM value as a function of precoding subband size
We investigate the preliminary precoding gain using a common precoding vector for the scheduled subband in the uplink. Figure 3 shows the cumulative distribution function (CDF) for the user throughput using closed-loop type precoding. An appropriate common precoding vector is selected for the resources allocated to a UE, i.e., 5 RBs, from 4 vectors. For comparison, the performance employing a single-antenna transmission is also shown. Other simulation parameters are given in Appendix A. The figure shows that the gains of approximately 15.8% and 21.0% in the cell throughput and 5% CDF in the user throughput are achieved compared to those for the single-antenna transmission. Therefore, we confirm the gain of the common precoding vector over the entire transmission bandwidth for DFT-Spread OFDM.
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Figure 3 – CDF of user throughput employing closed-loop type precoding
4. MIMO Spatial Multiplexing Scheme
The Rel-8 LTE downlink adopts codebook-based precoding for closed-loop type MIMO transmission. This is because higher throughput performance is obtained even when a simple signal detection scheme, e.g., MMSE detection, is employed at the UE receiver. 
However, in the uplink, more complicated signal detection schemes with high accuracy can be implemented at the eNB receiver. Furthermore, the precoding gain for full-rank transmission, i.e., the rank of two, using two transmitter antennas is low. Therefore, we do not believe that the application of precoding to multi-stream transmission, i.e., MIMO multiplexing in uplink, is warranted. However, further investigation on the necessity of adaptive precoding for uplink SU-MIMO with a rank of two is necessary while taking into account the throughput gain and the control signaling overhead.
5. Conclusion

This contribution presented our views on two-antenna transmit diversity schemes and the MIMO spatial multiplex scheme with two RF transmitters for the LTE-Advanced uplink. Based on the investigation, our views are summarized below.

· Uplink transmit diversity scheme

· PRACH

· Additional gain by employing transmit diversity with two transmitters in PRACH does not contribute to increasing the cell coverage. Therefore, we consider TSTD is appropriate (or sufficient) for the PRACH considering the commonality to the PRACH in REl-8 LTE.

· PUCCH

· Similar to the PRACH, additional gain by employing transmit diversity with two transmitters for the PUCCH does not contribute to the increase in the cell coverage. However, applying transmit diversity to the PUCCH reduces the interference to other cells (FFS).

· TSTD, PVS, CDD, and STBC (only CQI) are candidates as transmit diversity schemes for the PUCCH

· PUSCH

· In the PUSCH, codebook-based precoding is beneficial in increasing the user throughput performance. 

· A common precoding vector over the entire transmission bandwidth should be the baseline for DFT-spread OFDM radio access.

· Uplink spatial multiplexing scheme (rank = 2)
The need for precoding for the two multiplexed layers should be investigated taking into account the throughput gain and the control signaling overhead.

References

[1]
3GPP, TR 36.913 (V8.0.0), “Requirements for Further Advancements for E-UTRA (LTE-Advanced),” June 2008.
[2]
3GPP, R1-060863, Texas Instruments, “Transmit diversity schemes for SCH E-UTRA,” March 2006.

Appendix-A. Simulation Parameters
Table 3 – System-level simulation parameters
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Table 4 – Link-level simulation parameters
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