
3GPP TSG RAN WG1 #55bis 
        

               R1-090102
Ljoubljana, Slovenia, January 12 – 16, 2009
Agenda item:
12.4
Source: 
Samsung 

Title: 



Discussions on Uplink SU-MIMO for LTE-Advanced
Document for:
Discussion and Decision
1 Introduction

Uplink SU-MIMO is widely viewed as a necessary technology for LTE-Advanced standard, primarily due to the higher peak data rate agreed for LTE-Advanced. Considerable amount of discussions already exist in the 3GPP RAN1 working group [1-7], covering a wide range of issues such as benefits of  various SU-MIMO operation modes such as transmit diversity, beamforming or  spatial multiplexing;  HARQ designs; codebook vs Non-codebook approach, etc.   The impact of SU-MIMO on the PAPR of the uplink waveform, or the single-carrier property, is also one of the focal points of discussion in these contributions.

In this contribution we present our views on some design aspects of UL SU-MIMO, including discussions on issues related to link adaptation and HARQ design, control overhead, precoding codebook design, etc. In general, since LTE-A is considered as an evolution of existing LTE technology, we outline a few design goals so that the UL SU-MIMO can be integrated into the existing LTE framework with minimal specification change and seamless backward compatibility support. These design goals are
· The SU-MIMO technology should provide performance benefit in both peak rate and system throughput;

· Reuse the Rel-8 components developed for DL SU-MIMO unless modification is justified by performance or complexity considerations.  This includes precoder design and associated control support such as PHICH, PDCCH, etc;
· Minimize control overhead and specification change for UL SU-MIMO.
For example,  in a system with mixed LTE and LTE-A UEs, it is preferable for LTE-A UEs to have one HARQ process regardless of number of CWs, so that the LTE-A UEs do not consume non-proportional amount of PHICH resources from the system.  This goal can be preempted if it is shown that having two HARQ processes is essential for achieving performance benefits promised by SU-MIMO.
We also refer to companion contributions comparing the performance of UL MIMO with OFDMA waveform and SC-FDMA waveform in [8] and [9].  
2 Link adaptation and HARQ Structure for UL SU-MIMO
Here the link adaptation and HARQ structure refers the broad issue of number of CWs, number of MCS levels as well as number of HARQ processes used in the UL SU-MIMO spatial multiplexing.  The link adaptation and HARQ structure for UL SU-MIMO is also discussed in detail in several earlier contributions [1][2]. In [1], link simulations are used to compare the various combinations of CW number, MCS number and HARQ process number. It is concluded 2CW with 2HARQ process and 2 MCS provides overall the best performance. Meanwhile, it is suggested that if 1MCS is used on both CWs, then the 2CW can bring the benefit of SIC gain compared to the 1CW approach.  In [2], it was further pointed out that if the layer-mixing type of diversity method is applied, then the “single codeword principle” should be useful in designing the SU-MIMO system, including the use of shared ACK/NACK for all layers, single HARQ process for all layers, etc.  
In general, there are a total of five possible scenarios as listed in Table 1 below. In the scope of this contribution 1A/N is equivalent to 1 HARQ process.  Here we assume that in the case of 4 Tx antennas, the number of CWs is limited to a maximum of 2,  and the CW to layer mapping techniques similar to the LTE DL MIMO system. The discussion of the table can be adapted for the case if we deviate from the LTE DL MIMO practice and allow more than 2 CWs in the UL MIMO operation for 4 Tx antenna case.
Table 1:  Alternatives for link adaptation and HARQ structure. In all 2CW cases, SIC receiver is applicable.
	Alternatives
	Overhead 
	Discussions

	Alt 1

1CW, 1 MCS, 1A/N 
	· 1TB CRC

· 1 PHICH

· 1 MCS,RV,NDI
	· Suitable in the presence of layer mixing 

· Still possible for SIC due to the presence of CB CRC 

	Alt 2

2CW, 1 MCS, 1 A/N
	· 2TB CRC

· 1 PHICH

· 1 MCS,RV,NDI
	· Suitable in the presence of layer mixing 

· No clear  advantage compared to Alt 1

	Alt 3

2CW, 1 MCS, 2 A/N
	· 2TB CRC

· 2 PHICH

· 1 MCS,RV,NDI
	· Suitable in the presence of layer mixing 

· Performance advantage against Alt 1 is small [1], and may reduce further if CB-CRC based SIC is used in Alt 1

	Alt 4

2CW,  2 MCS, 1A/N
	· 2TB CRC

· 1 PHICH

· 2 MCS,RV,NDI
	· Can be used with and without layer mixing, though more suitable for the case without layer mixing
· Performance of Alt 4 is FFS

	Alt 5

2 CW, 2 MCS, 2A/N
	· 2TB CRC

· 2 PHICH

· 2 MCS,RV,NDI
	· Can be used with and without layer mixing

· Performance advantage shown in [1] compared to other Alts, although [2] showed with non-ideal link adaptation it  under-performs Alt 1. 


From this table, and considering the results and discussions already available in [1][2], it seems Alt 1 and Alt 5 can be good starting points for further study and analysis. Alt 1 has the least control overhead and is suitable for the case of layer mixing, a technology that exists today in DL SU-MIMO in the form of large-delay CDD.  On the other hand, Alt 5 may provide further performance benefits if the performance loss associated with non-ideal link adaptation shown in [2] can be overcome with more accurate CQI feedback and link status reports.
3 Codebook Design Considerations
3.1 Codebook vs. Non-codebook for UL SU-MIMO

The issue of non-codebook based precoding is discussed in [7], primarily in the context of TDD operation where the channel reciprocity can be exploited to remove the need for the eNB to quantize the channel and signal the choice of codeword to the UE.  It is also recognized in [7] that UE RF calibration is one of the main challenges for the non-codebook based approach, and [7] provided some good analysis on the standard vs non-standard based approaches for facilitating the RF calibration at the UE side.

From our view the treatment of the UL codebook and non-codebook based schemes can be similar to the treatment of these schemes in the DL. In the FDD system, due to the lack of channel reciprocity, the codebook based approach is necessary to ensure the robustness of the SU-MIMO scheme in various operation scenarios.  Furthermore, the same codebook designed for FDD system can naturally be used in TDD systems, since no additional design effort is needed.  On the other hand, the non-codebook based approach should also be carefully investigated for TDD systems to understand its benefits, and whether or not these benefits match or override the additional RF cost related to the non-standard based RF calibration approaches, or additional specification changes needed for the standard based RF calibration approaches. 

3.2 Design Issues in Codebook-based Precoding

The uplink waveform in the current  LTE system is the so-called single-carrier SC-FDMA waveform, which has the benefit of  lower PAPR and therefore larger UL coverage, compared to other waveforms such as OFDMA.  On the other hand, it has been well understood [2,4,5,6] that the introduction of closed-loop precoding in SU-MIMO may reduce these PAPR benefit, especially in the following cases

· Frequency-selective Closed-loop rank-1 precoding;

· Wideband or frequency-selective closed-loop spatial multiplexing.

To avoid the PAPR increase in the UL SU-MIMO systems, some  contributions proposed (for example, [4]) to limit  the scope of UL SU-MIMO to only   (a) Wideband  rank-1 closed-loop precoding,  (b) open-loop SM.  The inclusion of wideband closed-loop SM with a codebook optimized for PAPR reduction was also suggested in [2] as a possible direction for UL SU-MIMO. On the other hand, there has also been active discussion on the need of keeping the SC-FDMA waveform in LTE-A, especially considering the possible performance benefit of OFDMA waveform in the high SNR region where the MIMO schemes apply.  In RAN1#55, it was agreed to have a thorough comparison of the SC-FDMA waveform and OFDMA waveform for LTE-A MIMO uplink, taking into account the factors such as performance, receiver choice, complexity, latency, etc.   The outcome of the UL waveform discussion will shed some light on how to proceed on whether or not to restrict certain types of MIMO applications.
In addition to the UL waveform discussions, there are several other attributes that differentiate the UL channel from the DL channel, especially with respect to the codebook design. Therefore, some further study and investigation is needed to determine if the current DL codebook should be modified, when used in the UL SU-MIMO systems. These factors include the following 
· The spatial correlation could be lower at UE side than the eNB side even with closer antenna spacing at the UE side, as illustrated in Figure 1. This is due to the fact that the UE is normally closer to the scattering sources such as trees, buildings, etc, and therefore the channel seen at the UE side has a larger angular spread and thus less spatial correlation.
· The constant modulus property of the codebook may not be as important as in the DL, since the UL is power controlled and the UE may not be using the maximum power in many MIMO precoding operations.  Therefore, we may be able to relax the individual power constraint to allow a codebook that is potentially more optimized in other dimensions such as minimum distance, etc.   

· As was discussed during the study phase of UL antenna selection technology, the antennas at the UE may have inherent channel power imbalance depending on the location of the user, the position of the mobile phone relative to the hand and body, etc. In the two antenna case, the effective channel on one antenna could be 3dB stronger than the other antenna, and the ordering of the antennas could change over time as the user moves the device around. 
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Figure 1: Spatial correlation at eNB and UE.
4 Conclusion
This contribution considered several design issues related to the introduction of the UL SU-MIMO in the LTE-A system:

· Link adaptation and HARQ structure
· Codebook design
· Whether to modify the codebook from the DL design
· Codebook vs non-codebook
While this subject is still in the early stage of study phase, we think some observations can be made to provide some guidance on further analysis and study. For the link adaptation and HARQ structure for UL issue, while it is still too early to draw any conclusion,  it appears that among the five alternatives studied,  Alt 1 (1CW, 1MCS, 1A/N) and Alt 5 (2CW, 2 MCS, 2 A/N) can be  good starting points for further analysis and study.  Meanwhile, we suggest taking into account several attributes that are unique for the uplink such as lower transmit spatial correlation, power imbalance, as well as UL power control while designing the codebook for UL closed-loop precoding.
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