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1
Introduction
In RAN plenary #31, E-UTRA UE capabilities in respect of number of receiver antennas were discussed [1]. One of the key issues was whether or not the common control channels should be designed to be received with a single antenna. In the discussions, there was no conclusion and it was suggested that this issue would be tackled during the Work Item phase. In RAN1 and RAN2, however, the number of primary BCH is currently discussed assuming ideal dual-antenna receiver [2], and there have not been any discussions on the UE capabilities in respect of number of receiver antennas so far.

From an operator point of view, we believe that dual-antenna receiver capability should be mandatory for LTE UE and that the common control channel should be designed to be received with dual antennas in order to achieve good coverage and efficient power resource control in the downlink. As pointed out in [3], however, it would also be important to consider the trade-off of UE complexity/cost vs. performance. Too tight UE performance requirements based on dual-antenna receiver would increase the UE complexity/cost, and it would make the terminal less attractive. It would be quite important to design the system architecture carefully based on practical assumptions, and to find good compromise point between UE complexity and system performance.

In this contribution, we present simulation results on dual-antenna receiver in practical scenarios, and propose a way forward on LTE UE capabilities in respect of number of receiver antennas.
2 Simulation results on Dual-antenna Receiver
2.1 P-BCH performance

In this section, we present P-BCH performance in two-step approach below. In the evaluations, antenna correlation and unequal antenna gain are taken into account in order to reveal actual dual-antenna receiver performance. The simulation assumptions are summarized in Annex A.
Step 1

One derives SINR distribution derived from the system-level simulation based on Case 3 in Table A.2.1.1-1 of TR25.814 [4]. Other cell interference to thermal noise ratio (I/N) for cell edge users is also derived from the same simulation. This I/N is used in evaluating the effects of the unequal antenna gain. In this evaluation, the cell edge users are defined as 1-3 %-tile SINR users, because 98% coverage reliability is assumed in the RAN1/RAN2 scenarios.
Step 2

BLER-SINR curves are derived from the link-level simulations, in which antenna correlation and unequal antenna gain are considered. Additional antenna loss due to unequal antenna gain is applied to the own cell signal power (S) and the other cell interference power (I) for one antenna. The thermal noise (N) is the same between both antennas.
Figure 1 and Figure 2 present the cumulative distribution (CDF) of SINR and I/N, respectively. The 50%-tile I/N, 7.5 dB, which is used in the link-level simulations, is derived from Figure 2.
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Figure 1 Cumulative distribution of SINR
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Figure 2 Cumulative distribution of I/N
Figure 3 and 4 present effects of unequal antenna gain and antenna correlation, respectively. In Figure 4, the gain difference between dual antennas is assumed 10 dB, since it would be realistic from an implementation point of view. Findings from the results are summarized as follows:

· Ideal dual-antenna receiver can significantly outperform single antenna receiver. The required SINR difference is approximately 5 dB. The reason for that is that P-BCH, which has 1 ms TTI and 6 resource blocks (1.08 MHz frequency resource), does not receive benefits of time diversity and frequency diversity, and Rx diversity gain due to dual antennas could significantly improve its performance
· Unequal antenna gain would reduce the Rx diversity gain, because the thermal noise contributes SINR in the cell edge region to some extent
· Degradation due to antenna correlation might be small if it is in the range between 0.0-0.5
· In one example case (Antenna gain difference: 10 dB, Antenna correlation: 0.5), Rx diversity gain is approximately 2.0 dB
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Figure 3 Effects of Unequal Antenna Gain
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Figure 4 Effects of Antenna Correlation
From these results, we can see that dual-antenna receiver can still outperform single antenna receiver, even if its Rx diversity gain would be reduced due to unequal antenna gain and antenna correlation. Therefore, we propose that dual antenna receiver capability should be mandatory in LTE UE in order to provide good coverage and efficient power resource control for P-BCH. It is also remarked that the findings in this contribution should be sent to RAN1/2, in which ideal dual-antenna receiver is assumed.
2.2 DL-SCH performance

In this section, we present DL-SCH performance using the snapshot simulators, in which throughput is derived from SINR and the truncated Shannon bound curves [5]. In this evaluation, only effects of unequal antenna gain are taken into account. The received SINR for single-antenna receiver and dual-antenna receiver with unequal antenna gain is derived from the following rough calculation:
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[Dual-antenna receiver]
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This calculation assumes that SINR values in the truncated Shannon bound curves are based on dual-antenna receiver, and SINR for single-antenna receiver is roughly estimated by dividing SINR by 2. It is noted that the 3 dB gain due to ideal dual-antenna receiver (=1) is the one in the worst case. In actual performance, the ideal Rx diversity gain would be higher than 3 dB due to diversity gain as well as combining gain, as indicated in Figure 3 and Figure 4.

Figure 5 and 6 present CDF of DL throughput for Case 1 and Case 3 in Table A.2.1.1-1 of TR 25.814 [4], respectively. Case 1 and Case 3 represent urban areas and rural areas, respectively. Findings from the results are summarized as follows:

· Rx diversity due to dual antennas could provide significant gain in both urban and rural areas (Case 1 and Case 3)

· Degradation due to unequal antenna gain would be negligible in urban areas (Case 1), while some degradation is observed in rural areas (Case 3). In urban areas, other cell interference would be dominant. Therefore, some relaxation for unequal antenna gain requirements might be acceptable from a DL-SCH performance point of view
From these results, we can see that dual-antenna receiver can provide significant gain for DL-SCH as well as P-BCH.
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Figure 5 Case 1, Effects of unequal antenna gain
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Figure 6 Effects of unequal antenna gain
3 Way forward

According to the simulation results above, we propose that dual antenna receiver capability should be mandatory in LTE UE. As stated in the introduction, however, too stringent requirements would increase UE complexity/cost unnecessarily, and some considerations on UE implementation aspects would be required. In this section, we discuss how dual antenna receiver capability should be mandated, i.e. how the performance requirements should be specified, in order to find good compromise point between UE complexity and system performance. The analysis below should also be provided for RAN1/2 so that they can design LTE L1/L2 architecture in more practical scenarios.
Unequal antenna gain
The degradation due to unequal antenna gain would be negligible in the interference-limited conditions such as in urban areas or in the vicinity of base station. It means that even if the gain difference between dual antennas were a large value such as 10-15 dB, users could still receive benefits of dual-antenna receiver in these conditions. It would degrade the Rx diversity gain only in the thermal-noise-limited conditions, such as in rural areas and in the cell edge, as presented in Section 2. Therefore, we must carefully find good compromise point between UE complexity and system performance, taking into these aspects into consideration. It is proposed that UE vendors should provide analysis based on UE implementation aspects
Antenna correlation

In order to utilize the benefits of dual-antenna receiver, the reduction of the antenna correlation is essential. If the space receive diversity is applied, the antenna distance of /2 ~ /3 (: wave length) would be required. This requirement would be acceptable for the above 1 GHz frequency band (ex. is 15 cm for 2 GHz), but not feasible for the below 1 GHz frequency band (ex. is 37.5 cm for 800 MHz).
One solution is that dual antenna receiver capability should be mandatory for the above 1 GHz frequency band, but optional for the below 1 GHz frequency band. This solution would minimize the degradation of the system performance, because the common control channel could be designed based on the dual-antenna receiver for the above 1 GHz frequency band at least.
Another solution is that dual antenna receiver capability should be mandatory for all the frequency bands, but the antenna correlation for each frequency band should be considered in the UE performance requirements. The disadvantage of this solution is that the current performance requirements are not defined for each frequency band, and it would make the requirements more complex.
It is proposed that UE vendors should provide analysis on this aspect in order to find a good compromise point between UE complexity and performance.
Simultaneous uni-cast and MBMS operation
This aspect has already been discussed in [3]. It was suggested that if 2-Rx assumptions are seen necessary as the minimum performance requirements both for uni-cast and MBMS, either time-multiplexed solution or no support for simultaneous uni-cast and dedicated carrier MBMS should be considered. If the simultaneous uni-cast and dedicated carrier MBMS is supported and uncoordinated solution (Alt 1 in [3]) is applied, the minimum UE demodulation performance requirements would be developed using single Rx assumption.

From an operator point of view, it is felt that time-multiplexed solution would be preferable so that the minimum performance requirements could be based on 2-Rx assumptions and good coverage of the common control channels such as P-BCH, PCH, and SCH would be achieved. As well as the unequal antenna gain and antenna correlation aspects, it would be beneficial to provide this information for other RAN1/2.
4 Conclusions

In this contribution, we presented simulation results on the effects of dual-antenna receiver in more realistic scenarios. The results indicated that the dual-antenna receiver can improve the performance of both the common control channels and the shared channels, even if its diversity gain might be degraded due to unequal antenna gain and antenna correlation. Therefore, we propose that the dual-antenna receiver capability should be mandatory in LTE UE. Furthermore, we also present the way forward on specifying the performance requirements for dual antenna receiver so that the UE complexity/cost increase due to dual-antenna capability would be reasonable.

We feel that RAN4 should send a LS to other WGs on the findings in this contribution so that other WGs could design the system architecture based on more realistic scenarios.
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Annex A. Simulation assumptions
Table 1 - Simulation parameters (Link-level)
	Parameter
	Assumption

	P-BCH Bandwidth
	Center 6 RB’s (72 sub-carriers)

	P-BCH Size
	10 OFDM symbols

	TTI Duration
	1.0 ms

	Resource Block BW
	180 kHz (12 sub-carriers)

	Control Overhead
	3 OFDM symbols

	Propagation channels
	TU (3 km/h)

	Power boosting for DL RS
	3 dB

	Channel estimator
	Practical

	Modulation
	QPSK

	# of TX antennas
	1

	# of RX antennas
	2

	Convolutional Coder
	R=1/3, K=7, Tail-biting

	Payload size
	40 bits (including CRC)
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