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1. Introduction

MBSFN with a single eNB transmit antenna has been shown to offer high spectral efficiency in standard E-UMTS deployment scenarios [1]. In [2], spatial multiplexing is proposed as a transmission mode able to further exploit the concatenated channel offered by MBSFN under specific deployment scenarios. In this contribution we examine the relative performance and benefits of the conventional 1x2 single stream transmission, two transmit antenna space frequency block coding (2x2 SFBC) approach and 2x2 spatial multiplexing (SM) in several deployment scenarios.
2. Simulation Parameters

A three ring hexagonal grid layout was simulated assuming a dual port UE receiver operating in spatially uncorrelated channels in a 10MHz bandwidth. Operating in a 3-ring, 3-sector deployment, UE drop locations were confined to those cells lying within the centre site, 1st ring and 2nd ring of sites. The performance criterion used was the achievable spectral efficiency at the 95% coverage level where a UE is defined as out of coverage if the simulated FER without outer coding is greater than 1%. Table 1 details the modulation and coding schemes used during simulation for the conventional 1x2 approach, 2x2 SFBC and 2x2 SM. In the case of 2x2 SM, single codeword transmission was used, i.e. each codeword was transmitted across both antennas.

Critically for the present purpose, the channel observed by each UE was constructed on a location-specific basis from the concatenation of the power delay profile (PDP) arising from each cell contributing to the SFN. The resulting 
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 concatenated channel coefficients observed on each sub-carrier were assumed to be mutually uncorrelated, although the per-path frequency domain sub-carrier correlation due to the additional delay dispersion of the SFN concatenated channel was modelled. This represents the most benign set of assumptions applicable to SM for SFN, and is rationalised on the basis that in the presence of the multiple downlink transmitters comprising the SFN, the UE is effectively illuminated by a uniform scattering field. Nevertheless, we observe that this assumption may not apply over the entire network and well known contemporary spatial channel models applied to the unicast case – such as the SCM, SCME etc.  – do not adequately capture SFN operation. Further, it is known that for UE’s in close proximity to a specific eNB, line of sight (LOS) channel conditions can occur with respect to that eNB, resulting in a concatenated channel model dominated by a single LOS eNB, resulting in loss of channel rank and contributing to additional outages if the overall broadcast transmission is not somehow rate-adapted, or the UE in question is not switched to a link-adapted unicast mode. These additional causes of outage were not modelled in the present contribution.
Overhead due to the RS pattern and assumed unicast/MBSFN-mixed mode with two PDCCH symbols assigned per MBSFN subframe is outlined in Table 1. The extended CP was applied to frame structure type 1. The RS pattern given in TS 36.211 was assumed for the traditional 1x2 single stream transmission and RS pattern 1 option 2 given in [3] was assumed for 2x2 SFBC and 2x2 spatial multiplexing simulations. A maximum likelihood receiver was used for 2x2 spatial multiplexing.
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Modulation

QPSK QPSK 16QAM 16QAM 16QAM 64QAM 64QAM 64QAM

Coding Rate 1/4 1/2 1/2 5/8 3/4 5/8 3/4 5/6

Conventional 1x2 10200 10200 20400 20400 20400 30600 30600 30600

2x2 SFBC 8400 8400 16800 16800 16800 25200 25200 25200

2x2 SM 16800 16800 33600 33600 33600 50400 50400 50400

Conventional 1x2 2550 5100 10200 12750 15300 19125 22950 25500

2x2 SFBC 2100 4200 8400 10500 12600 15750 18900 21000

2x2 SM 4200 8400 16800 21000 25200 31500 37800 42000

Conventional 1x2 1 1 2 3 3 4 4 5

2x2 SFBC 1 1 2 2 3 3 4 4

2x2 SM 1 2 3 4 5 6 7 7

Number of 

Coded Bits in a 

Subframe

Number of 

Uncoded Bits in 

a Subframe

Number of 

Codewords in a 

Subframe


Table 1 – Modulation and Coding Schemes (MCS) and frame format summary.

Link impairments included receiver thermal noise, Doppler induced inter-carrier interference (ICI), the effect of delay spread in excess of the CP length and implementation losses at the eNB transmitter and UE receiver. Impairments due to channel estimation and high K factor due to quasi line-of-sight for spatial multiplexing were not considered here. Note, however, that the overhead due to reference symbol insertion was included in the results.

3. Performance Results
Table 1 and Table 2 show the achievable spectral efficiency at the 95% coverage level and gain over the conventional 1x2 approach for both 3kmph and 350kmph. Note that in Tables 1 and 2, the “greater than’ symbol is used in some cases to indicate that the highest-rate modulation and coding scheme (64-QAM, R=5/6) achieved coverage levels in excess of 95% and so the listed results represent lower bounds on spectral efficiency. Assuming a practical maximum code rate of 0.9, however, and recognising the modulation limitation to 64-QAM for LTE downlink, the achievable spectral efficiency in those cases would be no greater than 8% larger than the listed value (i.e. 0.9/(5/6)=1.08). Both upper and lower bounds are then listed in brackets in the gain column of Table 2 and Table 3.

From the tables, it can be seen that the 1x2 configuration outperforms both 2x2 SFBC and 2x2 Spatial Multiplexing (SM) in Case 3. It should be noted that while 2x2 SFBC does provide some benefit in coverage for the same MCS, this benefit is overshadowed by the decrease in spectral efficiency for each MCS due to increased RS overhead. This appears consistent with e.g. ‎[4].

Although there is insufficient 95% coverage data to completely evaluate 2x2 SFBC for Case 1, Case 2 and Case 4 in Table 2 and Table 3, the results indicate that the use of SFBC is not beneficial. 2x2 SM does, however, outperform the 1x2 configuration in some of the deployment scenarios assessed – predictably those which are not noise-limited. However, there is a noticeable decrease in gain with SM when migrating from 3kmph to 350kmph – i.e. when comparing Table 2 and Table 3. This suggests further simulations may be required to fully evaluate performance in MBSFN deployment scenarios in particular scenarios with high Doppler frequencies. Further, the effect of channel estimation error may have additional impact.
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Traditional 

1x2

Metric bps/Hz bps/Hz % gain bps/Hz % gain

Case 1

>2.55 >2.10 2.89

[5 13] 

Case 2

>2.55 >2.10 3.18

[15 25]

Case 3

0.73 0.71

-3

0.72

-1

Case 4

>2.55 >2.10 3.18

[15 25]

2x2 SFBC 2x2 SM


Table 2 - Achievable spectral efficiency and gain over 1x2 at 3kmph.
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Traditional 

1x2

Metric bps/Hz bps/Hz % gain bps/Hz % gain

Case 1

2.31 >2.10 2.54

10

Case 2

2.32 >2.10 2.55

10

Case 3

0.74 0.71

-4

0.7

-5

Case 4

>2.55 >2.10 3.16

[15 24]

2x2 SFBC 2x2 SM


Table 3 - Achievable spectral efficiency and gain over 1x2 at 350kmph.

4. Conclusions
Results of a preliminary investigation into the potential benefit of adding 2x2 SFBC and/or 2x2 SM configurations to MBSFN indicate that:

a) no benefit accrues when 2x2 SFBC is configured. This is consistent with ‎[4] and RAN1’s current assumptions.
b) gains in spectrum efficiency in the range of 10-25% were observed when comparing 2x2 SM with 1x2 mode for small cell radii, such as those characterising Case 1, Case 2 and Case 4 deployments. Losses in spectral efficiency occurred with SM with larger cell radii, such as that of Case 3.
Importantly, however, these results are based only on non-line of sight, spatially uncorrelated channel conditions. Further evaluation with non-ideal channel estimation and – more importantly – in the presence of an appropriate spatial channel model for SFN operation may indicate reduced gains with SM for small cells.
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