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Introduction

This contribution evaluates system performance of 2ms E-DPDCH TTI for Enhanced Uplink [3]. Dedicated and autonomous scheduling modes are evaluated for full buffer and gaming traffic. Per UE and per HARQ process scheduling were both evaluated. Similar sector and user throughputs are achieved for the different modes.

Enhanced Uplink Scheduling Modes

According to [3], there are dedicated and autonomous modes for enhanced uplink scheduling operation. Each of them can be further differentiated as per UE or per HARQ process modes. In the following sections, we summarize the differentiating parts of these different scheduling modes according to [3].

A. Per HARQ Process Dedicated Mode

Node B Operation:

· An Absolute Grant is associated to a single HARQ process;

· Relative Grants are sent by Serving Node-B and non-Serving Node-Bs as a complement to Absolute Grants;

UE Operation:

· The UE maintains a “Serving Grant” (SGi) for each HARQ process i;
· The SGi is used in the E-TFC selection algorithm as the maximum allowed E-DPDCH/DPCCH power ratio for the transmission of the HARQ process it refers to;
· When receiving an “Absolute Grant” on the E-AGCH of the serving E-DCH cell, SGi is set to the received value for one process only;

If no “Absolute Grant” is received by the UE, then the UE shall follow the “Relative Grant” of the Serving E-DCH RLS:

· A Serving Relative Grant is interpreted relative to the UE power ratio in the previous TTI for the same hybrid ARQ process as the transmission which the Relative Grant will affect (see following figure);
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Figure 1 Timing relation for Relative Grant.

· When the UE receives an “UP” from Serving E-DCH RLS:

· New SGi = Last used power ratio (i) + Delta;

· When the UE receives a “DOWN” from Serving E-DCH RLS:

· New SGi = Last used power ratio (i) – Delta;

· When the UE receives a “HOLD” (i.e. DTX) from the Serving E-DCH RLS:

· SGi remains unchanged;

· When the UE receives a “DOWN” from at least one Non-serving E-DCH RLS;

- For all HARQ processes (for all i), new SGi = Last used power ratio (i) – Delta;

Comments:

In [3], it says that when a UE receives a “HOLD” from serving cell, “in case of 2ms TTI, SGi remains unchanged (per process approach)”. It remains unclear how “HOLD” applies to the 2ms TTI per UE approach. 

B. Per UE Dedicated Mode

Node B Operation:

- An Absolute Grant is associated to all processes;

· Relative Grants are sent by Serving Node-B and non-Serving Node-Bs as a complement to Absolute Grants;

UE Operations:

· The UE maintains a “Serving Grant” (SGi) for each HARQ process i;
· The SGi is used in the E-TFC selection algorithm as the maximum allowed E-DPDCH/DPCCH power ratio for the transmission of the HARQ process it refers to;
· When receiving an “Absolute Grant” on the E-AGCH of the serving E-DCH cell, SGi is set to the received value for all HARQ processes;

· If no “Absolute Grant” is received by the UE, then UE shall follow the “Relative Grant” of the Serving E-DCH RLS:

· A Serving Relative Grant is interpreted relative to the UE power ratio in the previous TTI for the same hybrid ARQ process as the transmission which the Relative Grant will affect (see Figure 1);
· When the UE receives an “UP” from Serving E-DCH RLS:

· New SGi = Last used power ratio (i) + Delta;

· When the UE receives a “DOWN” from Serving E-DCH RLS:

· New SGi = Last used power ratio (i) – Delta;

· When the UE receives a “HOLD” (i.e. DTX) from the Serving E-DCH RLS:

· SGI in the immediate preceding TTI is reused for the current TTI, new SGI=SGI-1;

· When the UE receives a “DOWN” from at least one Non-serving E-DCH RLS;

- For all HARQ processes (for all i), new SGi = Last used power ratio (i) – Delta;
Comments:

We noticed an inconsistency between the AG and sRG operation in the Per UE dedicated mode. While the AG sets SGi values for all HARQ processes, sRG UP/DOWN applies to only one process, and sRG HOLD requires SGi equalization crossing all HARQ processes. In the Per UE dedicated mode, one SG for all the HARQ processes should be used.

C. Per UE Autonomous Mode

Node B Operation:
- An Absolute Grant is associated to all processes;

- Relative Grants are sent by non-Serving Node-Bs as a complement to Absolute Grants;

UE Operation:

- The UE maintains a “Serving Grant” (SG);

- The SG is used in the E-TFC selection algorithm as the maximum allowed E-DPDCH/DPCCH power ratio for the transmission of the HARQ processes it refers to;

- The UE sets the “MAX Serving Grant” (MAX SG) to the last received “Absolute Grant” (AG);

- If the UE has data to transmit and the SG is below the MAX SG, the SG is increased over time by configurable steps (autonomous ramp-up) until SG is equal to MAX SG;

- If the SG is above the MAX SG (due to reception of a new AG lowering the MAX SG, or due to receiving a “DOWN” from a Non-serving cell RG), then the SG is immediately set equal to MAX SG;

-
When the UE receives a “DOWN” from at least one Non-serving E-DCH RLS, new MAX SG = MAX SG – Delta; 

Comments:

Last bullet of the UE operation given above could cause some problem. As an example, when the UE’s MAX SG is relatively much larger than its SG and a “DOWN” is received from a non-serving cell, the MAX SG is lowered but this does not reduce the transmit data rate. In fact, SG can still ramp up. The hysteresis can only prevent the ramping during the hysteresis period. Several “Down” RG will be needed to bring down the transmit data rate while AG may be needed at a later time to maintain the QoS of this UE in SHO.

D. Per HARQ Process Autonomous Mode

Node B Operation:

· An Absolute Grant is associated to a single HARQ process;
- Relative Grants are sent by non-Serving Node-Bs as a complement to Absolute Grants;

UE Operation:

· The UE maintains a “Serving Grant” (SGi) for each HARQ process i;
· The SGi is used in the E-TFC selection algorithm as the maximum allowed E-DPDCH/DPCCH power ratio for the transmission of the HARQ process it refers to;
· The UE sets the “MAX Serving Grant” (MAX SGi) to the last received “Absolute Grant” (AG);

· If the UE has data to transmit and the SGi is below the MAX SGi, the SGi is increased over time by configurable steps (autonomous ramp-up) until SGi is equal to MAX SGi;

· If the SGi is above the MAX SGi (due to reception of a new AGi lowering the MAX SGi, or due to receiving a “DOWN” from a Non-serving cell RG), then the SGi is immediately set equal to MAX SGi;

· When the UE receives a “DOWN” from at least one Non-serving E-DCH RLS, for all HARQ processes (for all i), new MAX SGi = MAX SGi – Delta; 

Comments:

Per HARQ process Autonomous mode is FFS in [3].

System Performance Results for different scheduling modes

The system performance results for Gaming traffic, Pedestrian B 3km/h (PB3) channel, and different scheduling modes are given below in Table 1. For 2ms TTI case, both per UE (PU) and per HARQ process (PH) scheduling are allowed for dedicated and autonomous modes. Similar results are presented in Table 2 for full buffer traffic.  It may be noted that the simulations were performed based on the rules outlined in [3].

As shown in Table 1 and Table 2, Dedicated mode performs slightly better than Autonomous mode in all cases in terms of cell and user throughput with slightly higher outage probability and RoT statistics. For 2ms TTI, Per UE scheduling performs better than Per HARQ process scheduling. 
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Cell User mean stdev 98%-ile

(Kbps) (Kbps) (%) (dB) (dB) (dB)

2ms PH Dedicated 994 174.9 11.1 5.79 1.05 8

2ms PH Autonomous Gaming 979 169.7 9.8 5.34 0.76 7.25

2ms PU Dedicated 1042 187.6 10.3 5.7 0.75 7.5

2ms PU Autonomous 1041 187.1 9.9 5.54 0.71 7.25

Rise Statistics

TTI Mode Traffic

Throughput


Table 1 System & User Performance with different Modes for Gaming (PB3)
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Cell User mean stdev 98%-ile

(Kbps) (Kbps) (%) (dB) (dB) (dB)

2ms PH Dedicated 1398 142.1 13.8 6.82 0.46 8.5

2ms PH Autonomous Full buffer 1310 132.8 13.3 6.29 0.38 7.5

2ms PU Dedicated 1527 155.6 13.1 6.84 0.22 7.75

2ms PU Autonomous 1491 151.8 12.8 6.7 0.23 7.75

Throughput Rise Statistics

TTI Mode Traffic


Table 2 System and User Performance with different Modes for Full Buffer (PB3)

Conclusion

 Based on the simulation results the following conclusions are drawn:

1. The performance of dedicated and autonomous are similar although there are some issues with the scheduling rules for autonomous mode as described in [3].

2. Per UE scheduling seems to perform better than Per-HARQ scheduling for the traffic models given.  However, it may be easier to support flows with different QoS for per-HARQ scheduling.

References

[1] “Enhanced Uplink TR25.986 V2.0.0”, R1-040392

[2] 3GPP TR 25.808, V1.0.1, “FDD Enhanced Uplink Physical Layer Aspects”, R1-050057, 3GPP RAN WG1#39

[3] 3GPP TS 25.309, V6.1.0, “FDD Enhance Uplink Overall description Stage 2”, 2004-12.

ANNEX A: Simulation Assumptions

Simulation assumptions are given here to account for differences. Note for rates above 1.28Mbps, QPSK SF=2 is now used instead of 8PSK SF=4.

Table 3 System Simulation Assumptions

	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

Site to site distance = 2800 m

	Channel model
	Vehicular A 30km/h, Pedestrian B, 3km/h

	Traffic model
	Full buffer or Gaming

	Node-B Receiver
	Rake (2 antennas per cell)

8 fingers per UE (finger assignment as in Table A-6 in [1])

	#UE per cell
	10

	UE timing
	Frame (2ms or 10ms) or Slot Time (2ms with 10ms) aligned

	Duration
	300 s + 10 s warm-up per Monte Carlo drop (20 drops)

	HARQ
	Max # of transmissions = 4 (Chase/IR combining)

10ms TTI: N = # of HARQ processes = 3, Re-transmission delay = 30 ms

2ms TTI: N=7, Re-transmission delay = 14ms

Ack/Nack errors = 0%

	Scheduling Type
	E-DCH: (Node-B) Rate + Persistence

CDM users transmit autonomously while the maximum data rate and hence the rise over thermal level is controlled by Node-B using a slow and fast persistence parameters signaled by the Node-B.

	Scheduling delays
	DCH

E-DCH

Time+rate

Period

200 ms

10 ms

Uplink SI delay

Uniform 60-100 ms

10 slots

DL Grant delay

Uniform 60-100 ms

1 slot

RLC delay

200ms

200ms



	Power control
	Outer loop driven by ZTB 1.6Kbps 10ms TTI and DPDCH services

Inner loop error rate = 4%, delay = 1slot, step size=1dB

PA size: 21dBm, 

TFC power measurement error: 2dB stdev

TFC power measurement delay: 3 slots

	DCH
	TFCS = 8,16,32,64,128,256,384, 640, 768, 960, 1152, 1440Kbps

Minimum set: DCCH (c,d)=(15,4), ZTB (c,d)=(15,9), SID (c,d)=(15,7)
Reference link level data as presented in R1-040017, 227.

	E-DCH
	TFCS = TFS = MCS as shown in Table 9.6.2.2

Minimum set: DCCH, ZTB, SID (if speech+data)

E-TFC selection:

Similar to R99 TFC selection. UE MAC decides upon the E-DCH TFC in SUPPORTED_STATE and EXCESS_POWER_STATE every radio frame. The parameters {x, y, z} are set to {15, 30, 30} as in Rel‑99.

Reference link level data as presented in R1-040017, 227

	E-DPCCH
	TFC indicated with CDMed TFRI channel for 2ms TTI

	SHO
	When in SHO E-TFS is restricted based on UE SHO state

	Channel Estimation
	BW=625Hz, non-ideal & modeled in system simulation (see [3,4])

	Vehicular Penetration/Body Loss
	6 dB (see link budget Annex B R1-040017)
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