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1. Introduction 
In addition to sub-frame formats supporting the existing downlink normal and extended CP lengths 
envisaged by TS 36.211 [1], the possible inclusion of a numerology with an additional CP length of 33us 
and a sub-carrier separation of 7.5kHz was also discussed at WG1#47. Although the discussion in WG1#47 
addressed MBMS-dedicated mode, at a subsequent assessment during RAN#34 it was suggested that this 
numerology be added to the existing normal and extended CP modes to provide yet another CP length 
option for the unicast/MBMS-mixed mode. This contribution assesses the benefits of this proposal. 

2. Effect of eNB Radiated Power and Antenna Height on Spectral Efficiency 
Contribution [3] reported the area spectral efficiency (ASE, defined as the supportable spectral efficiency 
for a 1% frame error probability at 95% area coverage) for a multi-cell MCH transmission using a fully 
synchronous SFN configuration for LTE Case 3 (see Table 2 in the Appendix) specified in TR 25.814, 
assuming the extended CP numerology defined in TS 36.211. This result is reproduced in Figure 1, where it 
can be seen that for a 46dBm eNB radiated power level (10MHz) an ASE of around 0.75bps/Hz is 
achievable. This approaches, but does not exceed, the requirement of 1bps/Hz outlined in TR 25.914. 
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Figure 1 – Area spectral efficiency for the unicast/MBMS-mixed 

scenario, extended CP. 
 



 

Figure 1 also shows the effect of increasing the LTE Case 3 inter-site distance (ISD) from the specified 
value of 1.7km (i.e. 1km cell radius) to a larger cell radius of 5km (ISD = 8.66km). Clearly, the ASE drops 
to a negligibly small and unusable value in this case. Rather, an increase in eNB radiated power to 59dBm 
(10MHz) and antenna height to 50m is required to restore performance close to the 1bps/Hz target. 

3. Effect on Cell Radius of Lower Carrier Frequency in MCH Multicast Mode 
Increasing the eNB radiated power level from 46dBm to 59dBm  (for the 10MHz bandwidth case), is not 
envisaged by the current TR 25.814 deployment assumptions, and is presumably inapplicable to the 
unicast/MBMS-mixed carrier mode.  

It has been suggested, however, that for multi-cell MCH MBMS larger cell radii can be supported simply 
by reducing the deployment carrier frequency. In order to investigate this, consider the path loss model 
specified in TR 25.814, that is: 

 10 [ ]37.6log ( )kmL I R= +  (1.1) 
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This model is derived from the RAN4 system scenario document (TR 25.942), and is more broadly 
expressed as 

 3
[ ] 10 [ ] 10 [ ] 10 [ ]40(1 4 10 ) log ( ) 18log ( ) 21log ( ) 80b m km b m MHzL x h R h f−= − ∆ − ∆ + +  (1.3) 

which leads to equation (1.1) for a the LTE-reference eNB antenna height of [ ] 15b mh m∆ =  and carrier 
frequency of  [ ] 2000MHzf MHz=  (Cases 1,2,4 in TR 25.814 , reproduced as Table 2 below) . 

Consistent with equation (1.2), simply reducing the carrier frequency from 2GHz to 900MHz – and leaving 
the antenna height, building penetration loss, and eNB radiated power unchanged – results in a 

1021.log (2000 / 900) 7.3dB=  reduction (neglecting the rounding error in (1.2)) in path loss, and leads to the 
ASE result of Figure 2. Here it can be seen that simply reducing the carrier frequency to 900MHz does not 
radically alter the supportable cell size. Rather, simple inspection of equation (1.3) suggests that only 
around a 1.6x increase in cell radius should be expected, and this is confirmed by Figure 2. Further 
reducing the 900MHz penetration loss from the LTE Case 3 value of 20dB to the LTE Case 4 of 10dB 
indicates a 2.9x increase in cell radius over the baseline LTE Case 3 would be supportable (i.e. a cell radius 
of 2.9km), and this is again supported by Figure 2. 

Figure 2 therefore establishes the maximum cell radius supported by the ‘best case’ carrier frequency 
reduction and penetration loss envisaged by RAN1 for LTE, and so provides a basis for studying the effect 
of CP length on such relatively benign low frequency deployments. Figure 2 compares the area spectral 
efficiency for the extended CP scenario specified in TS 36.211 with that using the 7.5kHz sub-carrier 
separation case [6]. It can be seen that the CP associated with the 7.5kHz mode of [6] provides no benefit in 
area spectral efficiency over the 15kHz extended CP case. 

 



 
 

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

0 0.2 0.4 0.6 0.8 1 1.2

Coverage vs. Spectral Efficiency
46dBm Tx Power, 15m Ant Hgt, 3kmph UE velocity, 10MHz BW

Extended CP-1km,2000MHz,20dB
7.5kHz SubCarrier-1km,2000MHz,20dB
Extended CP-1.56km,900MHz,20dB
7.5kHz SubCarrier-1.56km,900MHz,20dB
Extended CP-2.9km,900MHz,10dB
7.5kHz SubCarrier-2.9km,900MHz,10dB

C
ov

er
ag

e 
[P

ro
ba

bi
lit

y 
(P

ER
<1

%
)]

Spectral Efficiency (bps/Hz)

 
Figure 2 – Area spectral efficiency for the unicast/MBMS-mixed 

scenario, extended CP. 

4. Effect of Multi-cell MCH SFN Cell Radius on Delay Spread 
The conclusion in [10] is that wide-area SFN’s are not efficient for all multi-cell MCH transmission 
configurations and that smaller SFN’s (with reduced delay spread and therefore reduced CP requirements) 
can be useful in some UE distributions. Figure 3 shows the spatial distribution of RMS delay spread in the 
concatenated SFN multipath channel as a function of cell radius. The 90%-ile RMS delay spread for a 1km 
cell is around 3.5µs, with the corresponding values for a 2km cell radius and a 5km cell radius respectively 
around 6.5µs and 15.5µs. The 90%-ile RMS delay spread for a 3km cell radius (as discussed above, the 
maximum cell radius supportable for unicast/MBMS-mixed eNB power levels) is around 10µs. This delay 
spread distribution explains the observation of Figure 2 that a 7.5kHz configuration (33.3µs CP) provides 
no benefits because the existing extended CP configuration (16.7µs CP) provides sufficient immunity to 
delay spread. 

Table 1 compares the numerology and CP lengths applicable to the presently specified 15kHz extended CP 
length (12 OFDM symbols per sub-frame) vs. the additional mode proposed in [6]. It can be seen that the 
15kHz extended CP (16.7µs CP) mode can accommodate the expected delay spread for a 900MHz SFN. A 
comparison of the area spectral efficiency of each mode at low Doppler frequency (3km/h) in Figure 4 
provides further evidence that the additional mode proposed in [6] provides no added value for 
unicast/MBMS-mixed mode, even when the cell radius is varied, provided the currently specified eNB 
radiated power levels (i.e. 46dBm for 10MHz etc.) for the unicast case are maintained for the 
unicast/MBMS-mixed mode. 

 

 



 
Figure 3 – Spatial distribution of RMS delay spread 

vs. cell radius in wide-area SFN. 

 

L1 Parameter Sets Units Extended CP 7.5kHz SubCarrier
Sampling Frequency MHz 15.36 15.36

FFT Length 1024 2048
Sub-carrier separation kHz 15 7.5
#Cyclic Prefix Length samples 256 512
Cyclic Prefix Duration us 16.67 33.33

# OFDM Symbols Per Slot symbols 6 3
Symbol Duration us 83.3 166.67

# Used Sub-carriers sub-carriers 600 1200  
Table 1 – Extended CP mode and vs. [6]. 
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Figure 4 – ASE for 900MHz, 10dB penetration loss, 3km/h. 

5. Effect of Doppler Frequency on Spectral Efficiency 
Even though – as demonstrated above – the further extended CP length made available by the proposal of 
[6] does not provide a benefit in terms of dealing with excess delay spread, it does incur an additional 
vulnerability to Doppler-induced frequency dispersion due to inter-subcarrier interference (ICI) that 
accompanies the reduction in subcarrier separation by a factor of two from 15kHz to 7.5kHz. 

Figure 5 shows the SINR limitation due to ICI for the respective subcarrier separations of 7.5kHz and 
15kHz at 2.5GHz. The data of Figure 5 is computed using an exact solution, but a reasonable 
approximation to the ICI-induced SINR is given by [12] 

 2(2 / ) / 24dSINR f fπ≈ ∆  (1.4) 

where df  is the Doppler frequency and f∆  is the subcarrier separation. Equation (1.4) suggest a 6dB loss 
of SINR results from every halving of subcarrier separation, and this is confirmed by Figure 5. 
Accordingly, even though the 7.5kHz subcarrier proposal [6] provides no additional performance gain in 
terms of excess delay spread for the unicast/MBMS-mixed case, it leads to a 6dB reduction in subcarrier 
SINR, which can be significant at high velocities. 



 
Figure 5 – Doppler frequency limited achievable SINR 

7.5kHz and 15kHz sub-carrier separation. 

 

6. Effect on Cell Search 
A further consideration of including additional numerology to unicast/MBMS-mixed mode operation is the 
impact on the cell search functionality of the UE. At least some current cell search proposals require the UE 
to blindly identify the CP length during initial and non-initial cell search. Adding the proposal of [6] to the 
unicast/MBMS-mixed scenario would cause a 3rd CP length hypothesis to be added to the processing load 
on the UE, thereby increasing computation complexity and/or extending the time to execute the cell search. 
In addition, since [6] not only extends the CP length but also reduces the sub-carrier separation by a factor 
of 2, the time-frequency locations of the reference symbols (RS) required to execute step-3 of the cell 
search procedure would then deviate significantly from the existing normal and extended CP cases.  

7. Conclusions 
The discussion above leads to the following conclusions: 

1. the increased CP length made available by the 7.5kHz subcarrier proposal of [6] provides no 
benefit for eNB radiated power levels consistent unicast/MBMS-mixed scenarios even for the 
most favourable carrier frequency and penetration losses specified for LTE by RAN1 and when all 
surrounding eNB are configured to participate in the SFN (i.e. inter-cell differential delay is 
maximum) 

2. the reduction in sub-carrier separation from 15kHz to 7.5kHz reduces performance at higher 
Doppler frequencies 

3. 7.5kHz operation complicates cell search processing by adding a 3rd possible CP length to 
unicast/MBMS-mixed carriers. This will at least load the UE baseband signal processing further 
and could extend cell search duration, for both initial and non-initial search scenarios 



As agreed in WG1#47 (Riga), the 7.5kHz proposal of [6] and any further changes to LTE numerology 
should be limited to MBMS-dedicated mode. Further, such changes should be based on specified MBMS 
scenarios. The need to define such scenarios is outlined in [9]. We support that proposal and look forward 
to discussions on specific recommendations such as [11]. 
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9. Appendix – Additional Material 
 

Simulation CF ISD BW PLoss Speed 
Cases (GHz) (meters) (MHz) (dB) (km/h) 

1 2.0 500 10 20 3 
2 2.0 500 10 10 30 
3 2.0 1732 10 20 3 
4 0.9 1000 1.25 10 3 

Table 2 – LTE network simulation reference cases. 

 

   

 

 
 


