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Abstract of the contribution: The contribution discusses capacity/throughput simulation results for multi-site SFN, single-site SFN and unicast.
1. Introduction
The capacity of group call over eMBMS is a key aspect for group communication study. We made some simulation and analysis for the capacity of AMR call over eMBMS.
In this document we simulate single site (3 sectors) eMBMS service. The simulation results are compared with 100% SFN eMBMS case and the case of using unicast to serve eMBMS users. 

In particular, D1 model defined by 3GPP is used with minor change where site down tilt is 10 degree instead of original 15 degree. A summary of D1 [1] system simulation configuration is shown as follows:

	Simulation case
	Center freq. (MHz)
	Speed (km/h)
	BW

(MHz)
	Cell Radius

(km)
	Ant. Height

(m)
	Clutter Height

(m)
	Dhb

 (m)
	Slope
	I

	D1
	2000
	3
	5
	0.288
	30
	15
	15
	37.6
	128.1


	Simulation Case
(continue)
	Avg EIRP (dBW)
	eNB Tx Pwr (dBW)
	UE Ant Loss (dB)
	Impl. Loss (dB)
	Log

Normal
	Down Tilt (deg)
	Noise Figure (dB)
	Pene

Loss

(dB)
	UE

Height

(deg)
	Vert

Beam

(deg)
	Hori.

Beam

(deg)

	D1
	33 
	13
	6 
	3 
	8
	10 
	6 
	20 
	1.5 
	10 
	70 


Table 1 Simulation assumptions
1 Simulation Cases
Two cases of eMBMS services are simulated. Each site has 3 sectors.

Case 1: 100% SFN, 19 sites
In this case, all sites send SFN. This is the reference case as show below in green color. The dark green is serving site.


[image: image1]
Case 2: single site SFN without interference
In this case, the serving site has neither interference nor assistance from neighbor sites. The white site is reserved site.
[image: image2.emf]
Case 3: single site SFN with reduced interference in surrounding sites.
In this case, the serving site has reduced interference from neighbor sites. The yellow site = 50% unicast interference. The gray site = 10% unicast interference. For example, the gray site has only overhead signal in transmission.
[image: image3.emf]
Case 4: single site SFN with interference
In this case, the serving site had normal interference from all 19 sites. The yellow site = 50% unicast interference.
[image: image4.emf]
2 Simulation Results

	Simulation case
	Max data rate, 
1% BLER 95% coverage, with down tilt (Mbps)
	Percentage of capacity decrease relative to 100% SFN, 19 sites

	Case 1: 100% SFN, 19 sites
	14.1
	-

	Case 2: 100% SFN, 1 site
	10.7
	24.2%

	 Case 3: Neighbor sites has 10% unicast int
	1.8
	87.2%

	Case 4: all 19 sites has 50% unicast int.
	0
	100%


Table 2: Achievable data rate under 5MHz carrier
As shown in table 2, 100% SFN in both 19 sites and 1 site without interference case are very high. However, throughput is reduced significantly when a single site SFN is surrounded by unicast interference sites. In case 4,  the site can not achieve the minimum SFN rate. Thus the throughput is 0. For the discussion below, we focus on MBSFN case 1 and case 2 vs unicast only capacity.
The eMBMS results can be compared with using unicast for eMBMS service. Figure 2 shows the per cell UE average throughput, compared with 100% SFN with 100% spectrum allocated for eMBMS, at the physical layer with 5MHz bandwidth. As we can see from the figure 2 that 100% eMBMS with 19 sites and 1 site is significant better than unicast. Therefore, broadcast is preferred whenever eMBMS is available.  However, if broadcast resources are reduced to 60% of total available Bandwidth (BW) and there exists interference from neighboring cells, the broadcast performance will be reduced. There could be capacity cross-over between unicast and broadcast curves in this case.
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Figure 1: MBSFN vs. unicast capacity comparison
	Header name
	Size in bytes (conservative).

	IP Header IPv4
	20

	UDP Header
	8

	RTP Header
	12

	Payload (AMR12.2)
	33 (264 bits)

	Compressed header
	3

	Total Packet Size after RoHC
	36

	MAC/RLC header
	3

	MAC signaling
	2

	Total Packet Size (with RoHC)
	41 (328 bits, 16.4kbps)

	Total Packet Size (without RoHC)
	78 (624, 31.2kbps)


Table 3: Packet size of AMR12.2 voice call
	Simulation case
	Max data rate, 
1% BLER 95% coverage, with down tilt (Mbps)
	Percentage loss in voice capacity relative to 100% SFN, 19 sites
	Voice capacity

(concurrent voice groups, with ROHC)
	Voice capacity

(concurrent voice groups, without ROHC)

	100% SFN, 19 sites
	14.1
	-
	860
	452

	100% SFN, 1 site
	10.7
	24.2%
	652
	343

	10% unicast Intf.
	1.8
	87.2%
	110
	58

	50% unicast intf.
	0
	100%
	-
	-


Table 4: Voice capacity under 5MHz carrier with SFN
	Unicast case
	Voice capacity

(with ROHC)

	VOIP DL
	175


Table 5: Voice capacity under 5MHz carrier with Unicast

               
[image: image6]
Figure 2: MBSFN vs. unicast supported UE per group comparison (BC=SFN, UC=unicast)
As shown in Table 4, full MBSFN can support simultaneous 452 voice groups and single site SFN can support simultaneous 343 voice groups without ROHC. With RoHC, the number of voice groups would be increased to 860 and 652 respectively. Note that each voice group can support unlimited listeners as long as they are within the MBMS coverage.  As shown from Figure 1, the supportable data rate per UE is reduced as number of UE increased in unicast case.
In addition, as shown in Table 5, around 175 VOIP users can be supported in unicast with 100% voice activity and ROHC. How many voice groups can be supported using unicast channel depends on the total numbers of the UEs in the group within the cell.  
Assuming each group has the same number of UEs and unicast has 100% voice activity in broadcast, Figure 2 shows number of groups can be  supported as a function of number of UEs per group. eMBMS can support more groups when number of UE per group is more than 11 in 19 sites MBSFN. Since it is assumed UEs are uniformly distributed among MBSFN areas of 19 sites, the calculation is more in favor to unicast. In addition, Figure 2 shows that eMBMS can always support more groups than unicast in single site MBSFN. Furthermore, the total numbers of the voice calls are limited for unicast.  Therefore, there is significant capacity gain by using eMBMS than by using unicast as number of UE per group increases.

3 Conclusion

Multi-site SFN is nearly 32% better in throughput than single site SFN. Single site SFN with surround site of 10% interference  has significant low throughput. It is 83.1% lower than single site SFN without interference. Single site SFN with 50% unicast interference has zero throughput. Therefore, reserved site are needed to achieve good throughput results.

Comparing unicast data throughput with SFN without interference, SFN is always better as showing Figure 1.
Without unicast interference, full SFN at 5MHz carrier can support 452 simultaneous voice groups; single site SFN can support simultaneous 343 groups without RoHC. With RoHC, the voice capacity would be increased to 860 and 652 respectively. There is significant capacity gain by using eMBMS than by using unicast in support the same number of group calls as number UE per group increases. In particular, for 19 sites, eMBMS is better than unicast when number UE per group is more than 11. For single site, eMBMS is always better than unicast.
Reference:
[1] 3GPP TR 25.814, Technical Specification Group Radio Access Network, Physical Layer aspect for evolved Universal Terrestrial Radio Access (UTRA)
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