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1. Introduction
In RAN2 #57 meeting in St. Louis various approaches for optimizing the control channels for real time services like VoIP were discussed. Two main candidates that emerged were Group scheduling [1][2] and Semi-persistent scheduling [3]. This contribution provides uplink system simulation results for both schemes. 
2. Discussion 
2.1. Group Scheduling

The basic objective of group scheduling is to allow dynamic assignment and de-assignment of payload resources to fully exploit the statistical multiplexing opportunities provided by both voice activity and HARQ retransmissions. As [3] points out this can be achieved sufficiently well by using baseline dynamic scheduling if control resource allocation were not an issue though at a cost of overhead. Group scheduling essentially achieves this by scheduling every first transmission and retransmission and solves the control channel occupancy problem by allowing multiple UEs to be scheduled by using a single grant. More details on group scheduling can be found in various Motorola proposals [1], [2].
2.2. Semi-persistent Scheduling

Details of semi-persistent scheduling can be found in [3]. Here, the control channel limitations of baseline dynamic scheduling are addressed by persistently scheduling the initial transmissions. Re-transmissions, however, are scheduled using a baseline L1/L2 grant (on a per UE basis). In order to make sure that the individual dynamic L1/L2 grants that are used for retransmissions in this scheme do not hit the control channel limit, the persistent grant made for the initial transmissions is made conservative enough so that very few retransmissions are required (BLER ~10%). 
Both schemes take advantage of the statistical multiplexing gains offered by voice activity. However, as results in the next section illustrate, group scheduling does a significantly better job compared to semi-persistent scheduling in taking advantage of statistical multiplexing gains offered by HARQ. 

In the uplink, it is not possible for semi-persistent schemes to take advantage of statistical multiplexing gains offered by HARQ, by persistently allocating multiple UEs to decode the same resource, since each UE has to be assigned its own separate persistent allocation to avoid collisions. 
3. Simulation Results

Table 1 summarizes the simulation results. Here we compare the performance of semi-persistent scheduling with that of group scheduling. Results are compared for two different MCS settings. MCS setting M1 attempts to keep the BLER of initial transmissions low (~ 10%) by assigning all the UEs a conservative allocation of 2 Resource Blocks (RBs) each. For a 28byte VoIP packet, this results in QPSK encoding rate 0.388. MCS setting M2 allows the scheduler to assign either 1 RB or 2 RBs to each UE. As the 1 RB allocation has a higher encoding rate, the first transmission BLER for MCS setting M2 is higher (~ 30%). 

	MCS Setting
	UL VoIP Capacity for GRP 
(Erlangs)
	UL VoIP Capacity for SMP 
(Erlangs)
	Comments

	M1 (~10%BLER)
	71
	71
	Here all UEs are assigned 2RBs each  (QPSK rate 0.388). 

This means maximum 3UEs can be scheduled in each TTI (in the 6RB allocation)

	M2  (~30%BLER)
	98
	63
	Here the scheduler assigns either 1RB (QPSK rate 0.777) or 2RBs (QPSK rate 0.388). 

This means maximum of 6UEs can be scheduled in each TTI  (in the 6RB allocation)

	Notes:

1. 6x12 RB = 1080 kHz sub channel allocation.
2. Case 1, 500m ISD, 20dB Penetration loss

3. Outage criteria: UEs with FER>2% @ 50ms delay bound. 

4. 7.95kbps AMR Codec (28Bytes for each voice packet). SID frames modelled.


Table 1 – Uplink VoIP Capacity Comparison

Results indicate that while semi-persistent scheduling achieves similar performance as group scheduling for the conservative MCS choice M1, it fails to take advantage of the statistical multiplexing gains offered by HARQ with the high BLER setting M2. Performance for group scheduling on the other hand improves considerably as operating at a higher BLER gives it the flexibility of allocating up to 6UEs per TTI in the available 6RB allocation. It should be noted that results in the Nokia contribution [3] also indicate a similar rapid drop in performance of semi-persistent scheduling for a high BLER setting
.
Figure 1 shows the VoIP outage plot for the results shown in Table 1. Annex A gives more details on the system simulation set-up.  

4. Conclusion

This contribution presents uplink system simulation results comparing the performance of group scheduling and semi-persistent scheduling. Simulations indicate that group scheduling achieves significantly higher (38%) uplink VoIP capacity than semi-persistent scheduling. The capacity gain can be attributed to the scheduling flexibility in case of group scheduling in handling both initial transmissions and retransmissions. Group scheduling does not require the pre-allocation of resources for initial transmissions as is the case with semi-persistent scheduling – this limits the flexibility when scheduling users especially with a tight delay bound requirement. Capacity drops rapidly in case of semi-persistent scheduling with increasing BLER, while grouping can operate at high BLER and simultaneously demonstrate high capacity. 
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Figure 1 – UL VoIP capacity comparison between Group Scheduling (GRP) and Semi-persistent scheduling (SMP)
Annex A – System Simulation Details

	Parameter
	Assumption

	Deployment Scenario
	Case1 – 500m ISD, 2GHz Carrier Frequency, 20dB penetration loss, 3kmph UE speed 

	Carrier Bandwidth, RB allocation
	5MHz but only 6 of the available 25 RBs simulated 

	Traffic Model
	VoIP Half rate AMR (7.95 kbps)

50% VAF with 2 state Markov model 

SID Modelled (SID frames same size as voice frames)

	TTI and RB definifition
	1ms TTI

1RB = 12 subcarriers

Each RB has 14 symbols. 12 symbols used for VoIP data
 (2 reserved for pilots)

	Cellular Layout
	Hexagonal grid, 57 cells (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

	Antenna pattern (horizontal)

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

	UE TX power
	24dBm

	eNodeB Noise Figure
	5dB

	Minimum distance between UE and cell
	35 meters

	Modulation
	QPSK 

	Scheduler
	Group Scheduling

Both initial and retransmissions dynamically scheduled using group grants. For MCS scheme M1 each UE is assigned 2RBs. For MCS scheme M2 each UE is assigned 1 or 2 RBs.  UEs decide the RB allocation by counting the number of bits in the bitmap for MCS scheme M2. 

Semi-persistent scheduling

Initial transmissions are persistently scheduled (2 RBs every 20ms for the duration of the talk spurt if MCS scheme M1 is used, and 1 or 2 RBs when using MCS scheme M2). Retransmissions scheduled dynamically.



	HARQ
	Chase combining with N=5 SAW HARQ. Max number of retx determined by delay bound.

	CQI
	No Uplink Sounding. Long term CQI is assumed for power control 

	Power control 
	ON (Details given in [R1-060401]). Average IoT < 8dB

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

	E-UTRA UE Transmitter / BS Receiver
	1x2  (1 antenna / 2 antennas – rx diversity)

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


Table A1 – System Simulation Assumptions

Figures A1 and A2 show Residual FER CDFs for the scenarios described in Table 1.
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Figure A1 – FER CDF for MCS Scheme M1
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Figure A2 – FER CDF for MCS Scheme M2












































































































































































































































































































































































































































































































































































































































































� Figure A1 in Annex A2.1in [3] (It should be noted that the results shown in the plot there are for a different deployment scenario, Case 4). 
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