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1.  Introduction
At RAN #49 way forward was agreed on Rel-8 FGI handling in Rel-9 [1]. In the agreed way forward, FGI bit 3 (SPS and TTI bundling) was categorized as “C”, i.e., features for which IOT availability is not anticipated before June 2011. However, the proposal from eight operators [2] was merely to tie those features bundled in FGI bit 3 to VoLTE capability of the UE. While IOT availability and bit settings for FGI features will be reviewed in RAN #51, it is believed that linking of FGI features to other capability can be discussed independently. Based on simulation results, this paper shows importance of SPS to provide VoLTE capacity, and proposes to link SPS to VoLTE capability.

2. Discussion
Since UL is often said to be the limiting factor, only the UL was evaluated. Simulations were performed for the Case 2 model captured in [6]. Detailed simulation parameters are shown in the annex. The number of PDCCH was assumed as 3 or 4, and the delay budget in the radio link was assumed as 40, 50 or 70 ms (excluding SR transmission delay).

Three types of schedulers were considered:

· SPS is applied to all UEs (denoted “SPS” hereafter)

· Dynamic scheduling where VoIP packets are transmitted individually at their earliest occasion allocated by the scheduler (denoted “Dynamic (no packing)” hereafter)

· Dynamic scheduling where 2 VoIP packets are bundled in a single TTI to save PDCCH resources (denoted “Dynamic (with packing)” hereafter)
Simulation results are shown in Fig.1 to 4. In the following observations, VoLTE capacity is read at 5% outage.

From the simulation results, the following observations can be made:

· With SPS, VoLTE capacity of about 250-260 UE can be achieved. Increasing delay budget beyond 40 ms does not contribute to VoLTE capacity. (Fig. 1)
· With Dynamic (no packing), VoLTE capacity is about 90 UE with 3 PDCCH. If the number of PDCCH is increased to 4, capacity of about 130 UE can be achieved. However, increasing delay budget beyond 40 ms does not contribute to VoLTE capacity. (Fig. 2)
· With Dynamic (packing), VoLTE capacity of about 100 UE is achieved with 3 or 4 PDCCH, with delay budget of 40 ms. The capacity increases to about 170 UE with 3 PDCCH and to about 230 UE with 4 PDCCH by increasing the delay budget to 50 ms. This is possibly because by packing 2 VoIP packets into a single TTI, more HARQ retransmissions are needed due to power limitations in the UL. However, further increase beyond 50 ms in delay budget does not improve VoLTE capacity. (Fig.3)
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	Fig.1  SPS
	Fig.2  Dynamic (no packing)
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	Fig.3  Dynamic (packing)
	Fig.4  Comparison


From these observations, the following conclusions can be drawn:

· Largest VoLTE capacity of about 250-260 UE can be achieved with SPS.
· If 4 PDCCH is available, dynamic scheduling can achieve VoLTE capacity of about 230 UE with smart scheduler implementation (e.g., delay packing). However, if only 3 PDCCH is available, this is reduced to about 180 UE.

· Increasing delay budget beyond 50 ms does not improve VoLTE capacity, regardless of the scheduling scheme.
Although 4 PDCCH seems to be feasible in Case 2 [6] from our internal analysis, this would be more difficult to achieve in Case 1. Furthermore, in practice, handover hysteresis and UE antenna imbalance need to be considered. Hence, 3 PDCCH seems to be more realistic. As such, from these results, importance of SPS is evident to provide VoLTE capacity.

Although the basic approach for FGI handling in Rel-9 is to mandate FGI bit settings when IOT availability becomes evident, whether to couple certain FGI features to another feature is an independent discussion. For a network, handling of both UEs with and without SPS support for VoLTE is undesirable, as the network would then have to support two different approaches to provide the same service. From this perspective mandating SPS is highly desirable for VoLTE capable UEs.

To mandate SPS for VoLTE capable UEs under the current FGI definition, TTI bundling also needs to be implemented and tested, as SPS and TTI bundling are grouped together in FGI bit 3. If the bar for IOT is higher for TTI bundling, FGI splitting can be considered. In this case, to maintain backward compatibility, SPS can be allocated a new FGI bit (bit 28) while FGI bit 3 can be redefined only to cover TTI bundling, while introducing bit 3 dependency to the new bit 28.

3. Conclusions
As shown by the simulation results in this paper, SPS is an important feature to provide VoLTE capacity. Hence, the followings are proposed:
Proposal 1
Mandate SPS to be implemented and tested for VoLTE capable UEs.

Proposal 2
If the bar for TTI bundling is higher, define SPS as a new FGI bit (bit 28) and redefine FGI bit 3 to include TTI bundling only.
Proposal 3
If the proposal is not acceptable, define an alternative network solution so that a UE without SPS support can be diverted to legacy RATs, e.g., using CS fallback [3].

Proposal 4
Discuss and conclude this issue at RAN #50.
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Annex
Table  Simulation parameters (aligned to Case 2 in [6]).
	System bandwidth
	5 MHz

	Cell layout
	7 sites, 3 cells per site

	Inter site distance
	500 m/ 1732 m

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	10 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site)/ 1.0 (intra-site)

	Maximum transmit power
	43 dBm

	eNB antenna pattern
(antenna gain)
	Horizontal
	70 deg sector beam (14 dBi)

	
	Vertical
	10 deg beamwidth
with down tilt

	UE antenna gain
	0 dBi

	Number of receiver antennas
	2

	Noise figure
	5 dB

	Channel model
	6-path Typical Urban,
30 km/h UE speed

	Sub-frame length (= TTI length)
	1 ms
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