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1. Introduction
This contribution provides updated simulation results on uplink VoIP scheduling using group scheduling. Previous contributions provided results on 7.95 kbps AMR; this contribution provides results for the agreed 12.2. kpbs rate. Prior simulations results showed a significant capacity benefit of group scheduling over the persistent scheduling approach owing to the need for the persistent approach to pre-reserve resources for initial transmissions. This contribution shows that even for 12.2 Kbps this capacity advantage is maintained due to the superior resource management capability of the group scheduling approach. 
2. Discussion

Group scheduling permits the dynamic assignment of payload resources to fully exploit the statistical multiplexing opportunities provided by both voice activity and HARQ retransmissions. While persistent scheduling schemes can achieve this flexibility in the downlink by persistently allocating multiple UEs to scan and decode the same resource (blind decoding), this is not possible in the uplink using persistent schemes as each UE has to be given its own persistent allocation to avoid collisions.

Control signalling for uplink group scheduling is expected to be along the same lines as those described in [1]. A prototypical uplink group grant is shown in figure 1. 
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Figure 1 – Illustration of group grant format
It should be noted that by signaling information about both the start of the group resource area and the individual resource assignment for each UE all the resources within a TTI can be efficiently shared between UEs belonging to different groups and also UEs receiving dynamic scheduling grants.  This is further illustrated in figure 2.  Here, we show resource allocation for UEs in two groups G1 and G2 and UEs receiving dynamic grants D.  Furthermore, UEs within a group can be assigned different sized resources based on the rate and speech activity in a very efficient manner thus allowing all the flexibility that is needed in assigning resources to different UEs based on individual requirement.
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Figure 2 – Illustration of group resource partitioning flexibility
3. Simulation Results

In [2] performance of group scheduling was compared to semi-persistent scheduling for VoIP with half rate AMR in a 1.08MHz carrier allocation. Here we provide a similar comparison for the set of simulation assumptions that were agreed in [3]. Table 1 summarizes the simulation results. Detailed simulation assumptions are given in Annexes A and B. Similar to the results in [2], capacity obtained by group scheduling is significantly higher (23% in this scenario) when compared to semi-persistent scheduling. Gains in capacity can be attributed to the greater flexibility offered by group scheduling in utilizing the statistical multiplexing gains offered by HARQ and the lack of need to pre-reserve resources for initial transmissions.  
Table 1 - Uplink VoIP Capacity (Deployment Scenario - Case1)

	Scheduling Method
	UL VoIP Capacity (Case 1)
	Average IoT (dB)

	Group Scheduling
	223
	5.2

	Semi-persistent Scheduling
	181
	5.6


Table 2 - Uplink VoIP Capacity (Deployment Scenario - Case3)

	Scheduling Method
	UL VoIP Capacity 
(Case 3)
	Average IoT (dB)

	Group Scheduling
	90
	2.2


Results for deployment scenario Case 3 are shown in Table 2. For this scenario, due to the large cell radius and high penetration loss, UEs at cell edge are power limited. These UEs are handled by allowing them to repeat their packets in consecutive TTIs.  
4. Conclusion

Group scheduling has been demonstrated to show significantly higher capacity while providing complete flexibility to avoid fragmentation in uplink resource allocations and different sized assignments based in individual UE requirements in the group. 
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ANNEX A – Scheduling Details

· Group Scheduling (GRP) 

· Both initial and retransmissions dynamically scheduled using group grants.
· Group assignment is done only at call initiation

· UEs in the cell are randomly distributed into multiple groups

· 20 groups with 12 UEs per group for Case1

· Maximum of 4 groups are allowed to be scheduled per TTI.

· Semi persistent scheduling (SMP) [4]

· Initial transmissions are scheduled using a persistent grant 

· Retransmissions are scheduled dynamically on a per UE basis.
ANNEX B – System Simulation Assumptions
	Parameter
	Assumption

	Deployment Scenarios
	Case1 and Case3

	Carrier Bandwidth, RB allocation
	5MHz , 25RBs (1RB = 12 subcarriers.)

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Max UE Tx power 
	24dBm

	eNodeB Noise Figure
	5dB

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	E-UTRA UE Transmitter / BS Receiver
	1x2  (1 TX antenna / 2 Rx antennas)

	VoIP Traffic details
	VoIP Full rate AMR (12.2 kbps)

50% VAF with 2 state Markov model [1]

Voice frame = 40Bytes. SID frame = 15Bytes

SID Frames modeled.

Call duration : 50s  (10s for Case3 simulations)

	Overhead allocation
	Each RB has 14 symbols. 

2 symbols reserved to model reference symbol overhead. 4RBs are set aside for UL data-non-associated control signaling.


	Outage definition
	UEs with FER>2% @ 50ms delay bound are considered to be in outage. VoIP frames whose delay exceeds the delay bound are dropped. Both queuing delay at the scheduler and HARQ retransmission delay are considered when measuring VoIP frame delay.

	MCS
	Case 1
UEs are assigned 2 or 3 RBs for full rate frames (QPSK rate 0.55 for 2RBs, QPSK rate 0.37 for 3RBs). UEs are assigned 1RB for SID frames (QPSK rate 0.41)

Case 3

All UEs are assigned 3RBs each

	HARQ
	Synchronous HARQ with N=5

Maximum number of retransmissions determined by delay bound.
Chase combining.

	Scheduler
	Delay based with retransmissions getting higher priority (more details in Annex A)

	Power control 
	ON (Details given in [5]). No other additional interference management techniques are employed (single cell re-use)

	Link Mapping
	Symbol SINR computed using methodology Described in R1-051335 (RAN1 #43, Motorola, Nov 2005)

	Channel Estimation
	Realistic (Methodology described in R1-061551, Motorola Shanghai, May 2006.)


Table B1 – System Simulation Assumptions

5. ANNEX C – More Details on Simulation Results
Figures C.1and C.2 show outage plots for results shown in Table 1 and Table 2.
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Figure C.1 – Outage plot for Deployment Scenario Case 1
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Figure C.2 – Outage plot for Deployment Scenario Case 3
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