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1. Introduction

In RAN 1 #57 meeting, it was discussed whether newly designed 8Tx transmit diversity scheme is needed for LTE-Advanced to obtain higher diversity gain and the discussion reached to the agreement of reusing Rel-8 transmit diversity in combination with UE transparent antenna virtualization which relies on Rel-8 CRS in PDSCH for demodulation since the gain from increasing of diversity order seems not that attractive considering the trade-off between UE complexity and performance gain.
 On the other hand, it was also agreed that the MBSFN subframe can be used for LTE-A PDSCH transmission while Rel-8 UEs regard this subframe as MBSFN subframe so that Rel-8 CRS can be removed in PDSCH region for further reducing Rel-8 CRS overhead and UE-specific DM-RS can be used for LTE-A UE. Since the TxD agreed for LTE-A also relies on Rel-8 CRS in PDSCH to demodulate signals, it is still remained as open how to employ TxD in LTE-A only subframe. Followings were captured in MIMO Ad-hoc chairman’s note in RAN1 #57 meeting as possible candidates.
· TXD with 8 antennas for single cell operation

· PDCCH, PDSCH to Rel-10 UE in non-MBSFN subframes: Rel-8 TXD with 2 or 4 TX antennas used via standard-transparent virtualization

· PDSCH to Rel-10 UE in MBSFN subframes: continue discussion

· Alt1: no TXD transmission

· Alt2: Rel-8 TXD with DRS

· Alt3: Rel-8 TXD with Rel-8 CRS in control region only

Since the TxD is used for SPS and fall-back transmission, it seems necessary to clarify the UE behaviour in LTE-A only subframe if a LTE-A UE is configured to TxD transmission mode. In this contribution, we investigate the candidates listed above for further progress.

2. Definition of TxD in LTE-A subframe
A transmit diversity (TxD) scheme is, in general, used to provide robustness when channel status information is inaccurate due to channel aging and/or channel feedback is not available. In Rel-8, the SFBC-based TxD is employed for several channels including control channel such as PCFICH, PDCCH, and PHICH. In addition, the TxD is also used as a fall-back transmission to keep the connection between UE and eNB. Therefore, it is agreed that the Rel-8 TxD will be reused as a TxD for Rel-10 as well since the Rel-8 CRS is always available even in Rel-10 network to support backward compatibility.  Due to the supporting of Rel-8 CRS in Rel-10 network, the RS overhead gets serious since additional DM-RS and CSI-RS will be transmitted in a same subframe for LTE-A UE support. Therefore, it is decided to define LTE-A only subframe in which LTE-A PDSCH will be only transmitted by reusing MBSFN subframe so that the CRS overhead in PDSCH region can be saved for LTE-A UE. Given this situation, it seems quite obvious that the CRS-based transmission is not allowed in the PDSCH region in LTE-A only subframe. Therefore, in RAN #56bis meeting, three alternatives were discussed to support continuous fall-back transmission irrespective of the subframe types as follows:
· Alt-1: no use of TxD for PDSCH in the LTE-A only subframe.

· Alt-2: Rel-8 TxD with Rel-10 precoded DRS

· Alt-3: Rel-8 TxD with Rel-8 CRS in the control region only

The table 1 discusses on pros and cons regarding alternatives mentioned above.

Table 1. Pros and Cons for alternatives

	
	Pros
	Cons

	Alt-1
	· No specification effort is required for defining TxD
· Lower UE complexity
	· Low diversity gain in LTE-A only subframe if rank-1 DRS based transmission is used


	Alt-2
	· Higher diversity gain
· Robust to high Doppler frequency in LTE-A only subframe
	· New TxD should be defined for LTE-A only subframe

· Higher UE complexity

	Alt-3
	· Higher diversity gain
	· Significant performance degradation is expected in high Doppler frequency due to the absence of RS in PDSCH region
· Higher UE complexity


3. Performance Evaluation
In this section, we evaluate link level performance of three alternatives discussed above. The figure 1 shows BLER performance of Alt-2 and Alt-3 according to the Doppler frequency. As seen in the figure, the Alt-3 performance is highly dependent on UE mobility due to the absence of demodulation RS in PDSCH region. Keeping that TxD is used as fall-back transmission in mind, the Alt-3 seems inappropriate to be employed in LTE-Advanced.
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Figure 1. BLER performance of Alt-2 and Alt-3 according to mobility.
The figure 2 shows the BLER performance of Alt-1 and Alt-2 according the scenarios. Since the precoded DM-RS is used for Alt-1, several types of transmission scheme can be used at eNB transmitter. Therefore, we assume two possible schemes for Alt-1 such as fixed precoding and long-term beamforming as examples. As seen in the figure 2, the performance of Alt-1 seems to be closely related to the eNB implementation of rank-1 transmission with precoded DM-RS. As seen in the figure 2, the fixed precoding shows significant performance degradation due to its SNR loss from fixed beam. On the other hand, Alt-1 with long-term beamforming shows SNR gain at 10% BLER region compared to Alt-2 since the beam is adapted to the right direction in long-term manner. However, it is expected that the gain from the long-term beam-forming could be reduced as the Doppler frequency goes higher and/or channel state information becomes inaccurate.
[image: image2.png]0.01

TU 3km/h (QPSK, R=1/2)

—— Alt-1(fixed)
—8— Alt-1(long-term beam)

—A—Alt-2

SNRTdB]

10

12





Figure 2. BLER performance of Alt-1 and Alt-2.
Observation: from the evaluation results, it is observed that the performance of the Alt-3 is quite sensitive to the Doppler frequency. Considering that the TxD should work under high UE mobility scenarios, the Alt-3 seems to be inadequate.
4. Conclusions
In this contribution, we discussed on TxD in LTE-A only subframe for further progress on higher MIMO in LTE-Advanced. From the discussions and evaluation results, our views can be summarized as follows: 
· Since the Alt-3 performance is seriously degraded in high mobility case, it is recommended to preclude the Alt-3 as a candidate for TxD in LTE-A only subframe.

· Although the Alt-2 provides higher robustness due to its diversity gain, the Alt-1 is slightly preferred among the alternatives since it provides lower UE implementation complexity while gives reasonable performance as far as eNB transmitter is appropriately designed.
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Annex: Link-level Simulation Assumptions
Simulation assumptions for the DM-RS pattern evaluation are summarized in the table 1.

Table 1. Details of link-level simulation assumptions

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	RB Assignment
	4 RBs

	Channel Model
	TU 

	Antenna Configuration
	4x2

	MCS
	QPSK (R=1/2)

	Mobility (km/h)
	3, 30, 60, 120

	Precoding
	Fixed precoding, Long-term beamforming, SFBC

	Channel Estimation
	2D-MMSE
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