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Discussion / Decision
1.
Introduction
Implementation of multiple power amplifiers is required in single user MIMO capable UEs, which is one of key components for LTE-Advanced uplink. In SU-MIMO mode, the total power transmitted from the UE cannot be increased beyond 23 dBm as currently specified for Rel’8 and the UE will operate with 20 dBm transmit power per TX antenna. From this perspective it would be possible to use two 20 dBm power amplifiers (PA) in the UE, but a UE supporting SU-MIMO would still be required to operate in a Rel’8 network. In [1] and [2] it was pointed out that due to this fact a SU-MIMO UE would need to have a 23 dBm PA in order to maintain the same coverage. However, since 23 dBm power amplifiers means higher implementation costs, but more significantly higher power consumption in SU-MIMO mode when 23 dBm amplifiers are operated at 20 dBm maximum transmit power, solutions based on 20 dBm PAs should be investigated.

SU-MIMO UE can fall back to single antenna transmission when the transmission is not power limited, but in the power limited case the maximum transmit power of the PA becomes relevant. If inclusion of a 23 dBm PA is the only feasible way for supporting backward compatibility to Rel’8, this can be assumed for the LTE-Advanced study item and taken into account in the relevant decisions regarding, e.g., transmit diversity. However, if other viable techniques for achieving sufficient Rel’8 network support exist, the choice of PA design for the SU-MIMO UE should remain an implementation issue. In this contribution, we review some potential techniques for generating 2 TX transmissions in a transparent way as seen by the Rel’8 eNB.     

2.  Review on potential multi-antenna techniques
When considering multi-antenna transmission for LTE Rel’8 uplink, a crucial requirement is that multi-antenna transmission remain transparent for Rel’8 eNB and that the received signal characteristics are not undesirably changed. Examples of such undesirable changes include abrupt changes on the frequency response and significant changes in the channel coherence time or delay spread.  
In the following, we briefly review potential multi-antenna techniques for SU-MIMO UE with two Tx antennas and 20 dBm PAs when connecting to Rel’8 eNB. 
PRACH  

· PVS. Precoding vector switching occurs between PRACH preambles. Thus it is fully transparent to eNB. 

· CDD. This is fully transparent to eNB when delay is less than typical/expected channel delay spread. Potential drawback is negative impact on the timing estimation accuracy. However, practical significance of this drawback is not clear and requires detailed evaluations. 
PUCCH  

· PVS. Precoding vector switching occurs between slots, so it is fully transparent to eNB.
· Simulation results in [3] indicate that the coverage of SU-MIMO terminal with two low power amplifiers equals to the coverage of SIMO terminal having one high power amplifier.
PUSCH  

· CDD. Delay can be relative to the system bandwidth instead of UE’s PRB allocation. Delay can also be short, creating a phase rotation of only couple of 2π’s over the whole system bandwidth. Thus the increase in the effective multipath delay is only marginal, while channel response in frequency remains smooth. It can be left to SRS and frequency domain packet scheduling to select PRBs with favourable (coherent) combination of transmit antennas. Technique is essentially transparent to eNB.
· PVS. Precoding vector switching can occur between slots in the case of frequency hopping PUSCH. Alternatively it can occur in frequency,  between different segments of system bandwidth, e.g. when SRS is frequency hopping or not configured and PUSCH allocations are not wide with respect to system bandwidth. Again, technique is transparent to eNB.  
3.  Summary
In this contribution, we considered the impact of LTE backward compatibility on the design of SU-MIMO UE power amplifiers and reviewed potential multi-antenna transmission techniques for accessing LTE Rel’8 network. Based on the review, there may be multiple viable techniques for supporting Rel’8 eNB for a SU-MIMO UE with two 20 dBm PAs. Thus, we do not think that an assumption of the SU-MIMO having a 23 dBm PA should be made before a more thorough evaluation of these techniques is available. Limitation of practical implementation choices would result in unnecessary increase in the PA cost as well as the UE power consumption when connected to the LTE-Advanced cell.
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