3GPP TSG-RAN WG4 Meeting Ad Hoc #3












        R4-102460
Bratislava, Slovakia, June 28 – July 02, 2010

Agenda Item:
3.3
Source: 
ZTE
Title: 

Discussion on UL MIMO
Document for:
Discussion
1 Introduction
The multi-antenna operation for supporting UL SU-MIMO with up to 4 layer spatial multiplexing was agreed in a new WI (UL multiple antenna transmission for LTE) during RAN #46. UL-MIMO is a new feature in LTE-A which could potentially provide both diversity and spatial multiplexing gain for UL transmission. The new performance requirements and impact on the system should be discussed.
2 Impact analysis
In this section, we identify the features and issues need to be considered when introducing UL MIMO into Rel-10.
2.1 PUCCH
For uplink control channels with Rel-8 PUCCH format 1/1a/1b, the spatial orthogonal-resource transmit diversity (SORTD) scheme is supported for transmissions with two antenna ports.  In this transmit diversity scheme, the same modulation symbol from the uplink channel is transmitted from two antenna ports, on two separate orthogonal resources. For the UE with four transmit antennas, the 2-tx transmit diversity scheme is applied. As for those cases, PUCCH performance requirements will require updates. 

Antenna efficiency and correlation would affect the UL-MIMO performance. The antenna gain imbalance should be introduced. We propose that the antenna imbalance should be modified into long-term antenna imbalance and short-term antenna imbalance. The long-term antenna imbalance is attributed to differences in antenna efficiency and form factor considerations. Thus it is a UE specific variable and the size of it is determined by antenna design. The short-term antenna imbalance is attributed to e.g. body effects and antenna imperfections. Thus this will vary spatially. According to the [1] results, the short-term antenna imbalance can be modelled by a Gaussian random variable. Typically the associated standard deviation is in the order of 2 dB.
2.2 PUSCH
LTE-Advanced extends LTE Rel-8 with support of UL spatial multiplexing of up to 4 layers [3]. The spatial multiplexing performance requirements should be defined for PUSCH. The UL transmission rank can be adapted dynamically in case of UL spatial multiplexing. Test effort for different rank transmission and the performance gain of lower rank or higher rank compared with Rel-8 shall be needed. 

In Rel-10, single antenna port mode behaves as a single antenna, so the similar verification methods in Rel-8 could be reused. However, non-contiguous resource allocation and CA are introduced into Rel-10. The L1 physical layer has new features such as non-contiguous scheduling.

It was agreed, that up to 2 transport blocks can be transmitted from a scheduled UE in a sub-frame per UL component carrier. The Rel-8 performance requirements FRCs require modifications due to increased code blocks and the MCS’ allocations across different rank transmissions.
In addition, the propagation channel model and MIMO channel correlation matrices in different performance test scenarios should be considered. We suggest that the higher rank transmission, the lower MIMO channel correlation and the more complex propagation channel in that he high rank can be obtained from rich scattering environment.

2.3 HARQ-ACK
In Rel-10, up to two codewords are employed for UL SU-MIMO. Therefore, new PHICH design or resource assignment should be considered to support multiple HARQ ACK/NACKs. Therefore, up to two PHICH resources should be assigned to single UE. 

2.4 Simultaneous PUSCH and PUCCH transmission

An important feature introduced in Rel-10 uplink is that simultaneous transmission of uplink L1/L2 control signalling and data is supported. The Simultaneous PUSCH and PUCCH transmission can improve the link budget and increase the coverage. However, it changes the single carrier features and brings about high PAPR. Also the number of RB’s available for PUSCH would be reduced by the PUCCH transmission. So the performance impact of simultaneous PUSCH and PUCCH transmission should be considered in RAN4.
For Rel-10 UEs with multiple transmit antennas, the same precoder weight must be applied on both PUSCH and PUCCH. The code choice of PUSCH depends on maximizing the performance of the data given a BLER target of typically 10% or sometimes even considerably higher. While the code choice of PUCCH depends on the BLER target for control signalling, such as ACK/NACK, RI, PMI/CQI and so on. The sensitivity to the erroneously selected precoder that is ill-matched to the channel is different with respect to PUSCH and PUCCH. So the event of erroneously selected precoder should be considered as a simulation parameter when evaluating the performance. Also the PUCCH diversity performance relates to the mapping layers. The more layers the PUCCH is mapped onto, the better diversity is achieved. Testing effort for different mapping layers may be needed according to the RAN1 results.
3 Conclusion
We propose to take above mentioned UL MIMO aspects into account for further RAN4 studies. 
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