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1. Introduction

The mobile terminals of Rel-10 are supposed to employ multiple transmit antennas with multiple PAs (Power Amplifiers). The link/system throughput or system reliability can be increased by using this. In addition, the cost-efficient implementation in multiple antenna configurations at UE can be achieved with half-capable PA compared to Rel-8 one.
However, when Rel-10 UEs are operating in Rel-8 networks, the single antenna transmission or the comparable transparent transmission should be applied in uplink due to backward compatibility. Even in this fall-back mode, the comparable performance might be necessary so that the UL coverage can be maintained as Rel-8 system. This scenario could be one of strong requirements for Rel-10 UL MIMO transmission design.
In general, it is likely to employ x-pol antennas in UE side, of which the channel environment has mostly low Tx antenna correlation. In this case, the well known transparent schemes such as PVS and CDD might work well for fall-back mode operation. If a UE suffers highly correlated spatial channel although this happens rarely, DoA-based Tx beamforming as an UE implementation. This scenario will be also shown in this contribution.
This document provides the discussions and simulation results on several possible fall-back modes for which it can be transparent to Rel-8 networks from Rel-10 to Rel-8 networks. Throughout the paper, we assumed efficient implementation of PAs to reduce the costs at UE side. For example, in 2Tx transmission for Rel-10, each transmit antenna of UE has PA with the maximum output power of 20dBm while the transmit antenna of Rel-8 has 23dBm maximum output power as defined in [1]. 
2. General Discussion on Fall-back mode
First of all, considering general UE environments, relatively low spatial channel correlation is expected in uplink due to large angular spread. In addition, even lower Tx correlation can be assumed if x-pol antenna setup is deployed at a UE. However, we assumed high Tx spatial correlation (e.g., ULA setup) as well as a worst case to see if a Rel-10 UE suffice the uplink coverage in Rel-8.

In this contribution, the following eNB transparent schemes are studied as a fall-back transmission mode. It is noted that either of them can be decided depending on implementation choice by UE vendors.
· CDD (small delay)
· Negative impacts on some physical channel/signal such as PRACH and PUCCH in which the opportunity/resource can be distinguished by circular shifts

· Performance degradation compared to Rel-8 UE in case of high Tx correlated channel environments
· Slot-level PVS (or antenna switching; TSTD)
· No impact on all physical channels/signals in Rel-8 networks

· Performance loss compared to Rel-8 UE in high Tx correlated environments.

· Tx beamforming
· No impact on all physical channels/signals in Rel-8 networks

· The spatial information such as DoA can be estimated from DL CRS.
· It may be applicable even in FDD because the maximum Tx-Rx separation of Rel-8 is 400MHz at ~2GHz carrier frequency [2].

· Additional DoA estimation at UE side is required to use it.
· In low Tx correlation, the same performance is expected as 1Tx Rel-8. On the other hands, beamforming gain is expected in high Tx correlation compared to 1Tx Rel-8.
Regarding Tx beamforming, it is already noted that the covariance matrix of DL spatial channel can be estimated using DL/UL reciprocity for FDD in case Tx-Rx separation is small enough to carrier frequencies (~10%) [3]. The exemplary implementation in this document adapted the similar concept to transform covariance matrix from DL to UL by using CRS measurement.
Table 1 lists the comparison of above eNB transparent schemes for fall-back mode to Rel-8 network.

Table 1 Comparison of several schemes for fall-back mode
	
	Pros
	Cons
	Recommended physical channel/signal to use

	CDD
	- Simple
	- Low diversity gain
- Performance degradation in high Tx correlated environments

- Impact on the resource/opportunity with circular shifts
	PUSCH

	Slot-level PVS (TSTD)
	- Simple
	- Low diversity gain

- Performance degradation in high Tx correlated environments
	PRACH, PUCCH, PUSCH

	Tx beamforming
	- No performance degradation in low Tx correlation
- Beamforming gain in high Tx correlation
	- Additional estimator for spatial information
	PRACH, PUCCH, PUSCH


3. Simulation Results
Figure 1 depicts the ACK/NACK BER for PUCCH format 1b. The left and right figures are for the mobility of 3km/h and of 250km/h, respectively. The Tx correlations are varying by 0.0, 0.5, and 0.9. From the simulation results, we observe that
· Exemplary of DoA-based Tx beamforming (details of simulation are described in Annex) works well regardless of Tx correlation environements.
· In low correlated channel, the performance of Tx bemaforming is similar to Rel-8.
· In high correlated channel of 0.9, the performance of Tx beamforming obtains ~2dB SNR gain compared to Rel-8.

· CDD and PVS show the comparable performance to Rel-8 in low Tx correlation.
· It means that they can be used in low Tx correlation scenario such as x-pol antenna deployment.

· The performances of them are worse than Rel-8 in high Tx correlation.
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(a) Txcorr=0.0, Rxcorr=0.0
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(b) Txcorr=0.5, Rxcorr=0.0
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(c) Txcorr=0.9, Rxcorr=0.0
Figure 1 ACK/NACK BER for PUCCH format 1b
Figure 2 depicts the CQI BLER performance for PUCCH format 2. The left and right figures are for the mobility of 3km/h and of 250km/h, respectively. The Tx correlations are varying by 0.0, 0.5, and 0.9. From the simulation results, we observe that

· Exemplary of DoA-based Tx beamforming works well regardless of Tx correlation environements.

· Similar tendency to PUCCH format 1b above.

· In low correlated channel, the performance of Tx bemaforming is similar to Rel-8.

· In high correlated channel of 0.9, the performance of Tx beamforming obtains ~2dB SNR gain compared to Rel-8.

· CDD and PVS show the comparable performance to Rel-8 in low Tx correlation.

· It means that they can be used in low Tx correlation scenario such as x-pol antenna deployment.
· The performances of them are worse than Rel-8 in high Tx correlation.
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(a) Txcorr=0.0, Rxcorr=0.0
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(b) Txcorr=0.5, Rxcorr=0.0
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(c) Txcorr=0.9, Rxcorr=0.0
Figure 2 CQI BLER for PUCCH format 2
Observation:
· Considering relatively low spatial correlation in uplink, any types of fall back transmission scheme mentioned above suffice Rel-8 coverage.
· Even under highly correlated spatial channel although this situation is occurred rarely, DoA-based Tx beamforming can be a promising candidate to solve the situation.
4. Conclusion
In this contribution, we discussed the possible implementations for fall-back mode from Rel-10 to Rel-8 networks. In principle, the high Tx correlated scenario might not happen on the assumption that UE deploys x-pol antennas. In this case, some of virtualization schemes such as CDD and PVS can be feasible for fall-back mode. Even with corner case of high Tx correlation (eg. ULA), the successful fall-back mode can be achieved by Tx beamforming based on the DoA measurement from DL CRS. 
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Annex: Simulation Assumptions
· DoA estimation

We use a simplified discrete DoA model and assume all the paths for channel have the same DoA. ULA (Uniform Linear Array) has been assumed for antenna configuration at UE. Tx-Rx separation of 400MHz was considered to evaluate Tx beamforming. The link performances are evaluated for PUCCH format 1b and format 2 to verify the above transparent schemes. The system bandwidth of 5MHz and the sampling frequency of 15.36MHz (2x oversampling) were assumed for evaluation to reflect band-edge hopping in PUCCH. To limit the simulation case, one UE multiplexing for UL was assumed for evaluation. The remaining parameters/assumptions are listed in Table 2.

Regarding on UL Tx beamforming, the same SNRs were assumed for DL and UL for convenience. After estimating spatial information from DL CRS during 1ms, then estimated information was used for Tx beamforming in UL transmission for PUCCH.

We further consider the following error modelling in case of Tx beamforming for the simulation.

· DoA mismatching between DL/UL according to UE mobility

· In Figure 3, the worst case in terms of DoA mismatching is direction ‘A’. We modelled the erroneous scenario assuming UE is moving to direction ‘A’. The updated DoA 
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where 
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Figure 3 DoA mismatch modelling between DL/UL due to UE mobility
· Details link-level simulation parameters

Table 2 Simulation assumptions
	Parameters
	Assumptions

	Carrier frequency
	2GHz (UL) / 2.4GHz (DL)

	System BW
	5MHz

	Sampling frequency
	15.36MHz (2x oversampling)

	CP configuration
	Normal CP

	UE speed
	3km/h, 250km/h

	Channel model
	ETU

	Number of cells
	1

	Number of Tx(UL)/Rx(DL) antennas
	2 (|ρ|=0.0, 0.5, 0.9)

	Number of Rx(UL)/Tx(DL) antennas
	2 (uncorrelated, |ρ|=0.0) 

	ACK/NACK bits
	2bit (QPSK) – format 1b

	CQI information bits (A) 
	11bits (QPSK) – format 2

	Channel estimation
	Practical

	CS hopping/OC remapping/slot-level hopping
	ON

	ACK/NACK scrambling
	ON

	Number of PRBs for PUCCH
	1
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	2

	Number of UEs within a cell
	1 

	Averaging duration using CRS to estimate spatial information
	1ms

	Steering vector for Tx beamforming
	16 fixed steering vectors

	DoA values
	Uniform within ±90°

	Distance between eNB and UE
	Uniform within 866 meters
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