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1 Introduction

From meeting #58bis, there exists an open issue whether two antenna transmit diversity for PUSCH bring additional benefit, compared to the existing single antenna mode and spatial multiplexing (SM) mode for PUSCH. This topic is further discussed in this contribution. 

In the single antenna mode, the UE behaves and transmit PUSCH as if it had only one transmit antenna. The eventual precoding, i.e. utilization of multiple PA in the UE is thus an implementation issue in this case. In the SM mode, the eNB measure the uplink MIMO channel and then assign a rank one precoding vector to be used for PUSCH transmission. Hence, single antenna and SM rank 1 precoding can be seen as an uplink open loop and closed loop rank 1 precoding mode. 

The uplink measurements to support SM rank 1 precoding can be done using SRS transmissions or the non-precoded DM-RS in a PUCCH transmission [1] whenever they exist.  It is our view that uplink transmit diversity is necessary to be specified for multiple antenna UEs since it provides a robust and simple “all-weather” transmission mode. 
2 Single antenna mode and SM mode
According to decisions at RAN1 meeting #58, the PUSCH transmission from a multiple antenna UE may be configured as a single antenna port PUSCH transmission, seen from the eNB’s perspective. In TDD, the channel reciprocity can be utilized to find the precoding vector but in FDD, one has to resort to open loop precoding schemes such as long term precoding, precoding vector switching (PVS) or small delay CDD. It is well known that these open loop schemes have performance problems in FDD when compared to closed loop precoding or transmit diversity [2].
The SM mode is a closed loop precoding scheme that use uplink channel measurements to determine precoding vector and the eNB indicate in the UCI which precoding vector to use for the PUSCH transmission. The uplink channel is measured using SRS transmissions from the UE. Our experience is that closed loop precoding show excellent performance, whenever SRS is present and when the SRS periodicity is shorter than the channel coherence time [3]. The SRS capacity is limited [4] due to the introduction of multiple antenna UEs and possibly also to the extended support of uplink CoMP, therefore, it is desirable to keep the SRS resource utilization at a minimum. 

Hence, for UEs with large amount of data in their buffers, it is motivated to allocate multiple SRS resource to support uplink closed loop spatial multiplexing. For UEs with small payloads and possibly bursty traffic, it would be useful to avoid SRS or having only an infrequent SRS transmitted. 
There are indications [1] that it is possible to assign a closed loop precoding vector based on long term channel covariance. The eNB measures, for some time and for each UE, the uplink channel and then estimates the spatial covariance matrix from which the preferred precoding vector can be derived. This solution relies on that the MIMO channel has a strong correlation that can be utilized, otherwise the spatial covariance matrix will only have a “weak direction” and the precoding gain is lost. 
A performance comparison of the long term closed loop precoding (LTP) based on channel covariance matrix and open loop transmit diversity schemes (STBC and M-SFBC) was done under the scenarios of zero and high spatial channel correlation. The required SNR (dB) to reach 10% BLER target for different schemes is summarized in Table 1. The related simulation assumptions and the detail of simulation results are found in the Appendix.
Table 1 The required SNR [dB] to reach BLER=0.1 at 120km/h for 2 TX antennas. The code rates were 1/3 and 2/3.
	Transmission correlation
	          LTP
	STBC
	M-SFBC

	
	1/3
	2/3
	1/3
	2/3
	1/3
	2/3

	                   0.0
	    2.0
	    6.7
	1.0
	    5.5
	1.0
	    5.5

	                   0.9
	-1.2
	     4.0
	2.2
	    7.2
	2.2
	    7.2


It can be observed that LTP has superior performances in the case of high correlation channel. However for the UE to support uplink SM with high rank transmission, a low correlation antenna setup must be ensured  and in this configuration, open loop transmit diversity has 1.0-1.2 dB gain over LTP. 
It was argued  in [1] that if one have frequent PUCCH transmissions, it is possible to use the non-precoded DM-RS in PUCCH to estimate the uplink channel. However, there is an agreement from meeting #58 that only one of the uplink component carriers (CC) will be used for transmitting PUCCH. This excludes the use of PUCCH DM-RS for channel estimation for the non-PUCCH transmitting CC. It may hold that the long term covariance matrix is similar for adjacent CC, but two CC may be largely spaced in frequency so an estimate in one CC may not be useful in another CC. Also, one must make sure that the PUCCH antenna ports are the same as the SRS antenna ports.
3 The motivation to introduce uplink transmit diversity
We have discussed a number of drawbacks of relying on the existing single antenna and SM mode for PUSCH transmission and therefore see a need for a robust PUSCH transmit diversity scheme in Rel.10. The main motivations are 
· Uplink transmit diversity provide a robust fallback transmission mode when uplink channel measurement reference signals such as SRS or DM-RS in PUCCH is not configured or absent
· SRS capacity is limited in Rel.10 due to multiple antenna UEs so it is useful to avoid configuring SRS or frequent SRS if not necessary, i.e. only for high data buffer UEs
· The high speed scenario should be the major use case for transmit diversity since using SM based on SRS at high speed would consume a large number of SRS transmissions due to the short channel coherence time
· Also, low data payload (i.e. narrow bandwidth resource allocation) should be the major use case since a UE with large payload would preferably use spatial multiplexing and would therefore be assigned multiple SRS
· Only one component carrier may have PUCCH transmission so to rely on PUCCH DM-RS for channel measurements is not a robust solution
· For semi-persistent scheduled UEs, there may not be SRS transmission configured at all
· Uplink transmit diversity provide a robust fallback transmission mode for low correlated MIMO channels where long term precoding has very small gain 
· Transmit diversity performance is robust to various antenna configurations 
· Uplink transmit diversity avoid the additional complexity for the eNB to measure, estimate, select precoding vector and store a large number of uplink spatial long term covariance matrices when there are many active UEs in the cell. 

· Uplink transmit diversity can be used directly, without the need to configure SRS or to estimate a long term spatial covariance matrix. 
· It is therefore useful for low payload and bursty traffic. 
· Furthermore, a UE with four transmit antennas have the possibility to keep the single carrier property even if there is multiple CC per PA or in the case of non-contiguous resource allocation (NC-RA) if  the FSTD extension of the two antenna diversity schemes (STBC or M-SFBC) is used, see  [5] and [6]. 
· Using transmit diversity for NC-RA can be used to fill “holes” in resource allocation (utilize fragmented spectrum within one component carrier) that are left over from UEs that use NC-RA for localized scheduling. 

4 Conclusion

To conclude, we propose that:

· Transmit diversity for PUSCH is adopted

· Selection between STBC-based and low-CM SFBC is FFS

· Details of the 4 antenna transmit diversity scheme is FFS

· In addition to providing a simple and robust LTE-A transmission mode, transmit diversity for the PUSCH is especially beneficial for

· cases with absence of SRS

· narrow resource allocation bandwidths
· the med-high speed case where SRS is unreliable
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Appendix 
                                                               Simulation assumptions

	Channel bandwidth 
	5MHz

	Sampling frequency 
	7.68MHz

	IFFT size
	512

	Sub-frame size
	1 ms

	Data bandwidth
	2 adjacent RBs

	Frequency hopping
	No

	Channel model
	TU channel

	Channel correlation (Tx, Rx)
	(0,0), (0.9,0)

	Modulation
	QPSK

	Channel coding
	Turbo code, coding rate=1/3, 2/3

	Antenna configuration 
	2 at UE and 2 at eNB

	Reference signal multiplexing
	CDM 

	Channel estimation
	realistic

	UE velocity
	120km/h

	Frequency domain equalization
	LMMSE

	CQI feedback delay
	4ms

	SRS periodicity 
	10ms

	Covariance matrix 
	12 sub-carriers are used for estimating covariance matrix

Covariance matrix is updated every 10 sub-frames
One precoding vector from 2TX uplink codebook is selected to match the principal eigenvector  of covariance matrix

After four sub-frames delay, the selected precoding vector is used for PUSCH transmission
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