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Introduction

In R1-050238, RAN WG4 has requested RAN WG1 to provide recommended maximum probability for a number of E-DCH related control channel error events. We provide a consolidated set of values and comments based on material presented in earlier contributions.
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Summary of E-DCH control channel error requirements
Table 1 captures the summary of the requirements for single cell, for serving and non serving cells when in SHO.
Table 1: Suggested minimum requirements for control channel operating points
	Event
	Cell in serving RLS
when no E-DCH SHO
	Cell in serving RLS
when in E-DCH SHO*
	Non serving cell*

	E-DPCCH false alarm
	p1 ≤ 1e-2
	p7 = up to 1

	E-DPCCH error
	p2 ≤ 1e-3
	p2 ≤ 1e-2
	p8 ≤ 1e-2

	E-DPCCH miss
	p3 ≤ 2e-3 (option A)
p3 ≤ 5e-3 (option B)
	p9 ≤ 5e-2

	E-HICH false ACK
	p4 = 5e-1 (option A)
p4 = 2e-1 (option B)
	p10 ≤ 2e-4

	E-HICH NACK to ACK
	p5 ≤ 1e-3
	p5 ≤ 2e-4
	

	E-HICH ACK miss
	p6 ≤ 1e-2 (option A)
p6 ≤ 5e-3 (option B)
	p6 ≤ 5e-2
	p11 ≤ 5e-2

	E-RGCH (Up | Hold)
	≤ 5e-2
	-

	E-RGCH (Down | Hold)
	≤ 5e-2
	≤ 5e-3

	E-RGCH (Hold | Up)
	≤ 5e-2
	-

	E-RGCH (Hold | Down)
	≤ 5e-2
	≤ 5e-2


* Note: requirement for the SHO have been derived assuming a balanced cell situation and the worst case situation relative to the combined probability of event (2 cells or 6 cells depending on the type of event).
Higher layer requirements
The higher layer requirements have been set as follows:

· Probability of RLC level re-transmission shall be 2e-3 or less

· Probability of MAC level re-transmission shall be 2e-2 or less

The events leading to an unnecessary RLC re-transmission are as follows:

· E-DPCCH miss + ACK false alarm (can occur happen in first transmission)

· E-DPCCH error with buffer corruption

· NAK to ACK error (not relevant for the last transmission)

The values listed in table 1 should ensure that the error requirement for the joint probability of an unnecessary RLC level re-transmissions is at or below 2e-3.

The events leading to an unnecessary MAC level re-transmission are as follows:

· E-DPCCH miss without NAK false alarm (can only occur in the first transmission)

· E-DPCCH error without buffer corruption

· ACK miss & error (can only occur in the last transmission)

The values listed in table 1 should ensure that the error requirement for the joint probability of an unnecessary MAC level re-transmission is at or below 2e-2.

E-DPCCH

· Based on R1-041384

· p1 relates to an event with no major consequence except increased DL E-HICH load (BPSK is used)

· p2: this potentially leads to buffer corruption if the receiver does not store the latest transmission in a separate buffer first. In case of buffer corruption the system has to rely on RLC re-transmission. When not in SHO p2 has to be low. When in SHO p2=p8
· p3 is set such that p3 * p4 is 1e-3 since the combined events lead RLC re-transmissions
· p7:  does not matter since when the E-DPCCH is not sent, it implies that E-DPDCH is not sent either. The E-DPCCH CRC would therefore fail modulo 2^(-24). The NAK is mapped to DTX and therefore does not lead to any increase in DL overhead load. This only implies that the Node B has to allocate the receiver resource which it has to do in any case given that UE may transmit data based on its nominal grant at any time.
· p8: is set such that the combined error rate is 1e-3. Assuming 2 balanced cells the error requirement per cell is therefore 1e‑2 thanks to multi-cell diversity (assuming balanced cells)
· p9 is set such that the combined miss rate is 1e-2 (to limit the impact on system throughput and control channel load). Assuming 2 balanced cells, this implies that the miss rate per cell should be 1e-1. Given that a miss can occur both due to a E-DPCCH miss in UL and E-HICH miss in DL this leads to 5e-2 requirement on each link.
E-HICH Values

· Based on R1-040723, R1-041111, R1-041123

· p4 = 50% given that BPSK is used for E-HICH (assumes 0 threshold)
· p5 needs to be small as it relates to an RLC level re-transmission event

· p6: for single cell, combined miss rate should be 1e-2. A miss can occur in either UL DPCCH or DL E-HICH. Given that p3 is negligible p6 = 1e-2. For the SHO case p6 = p11

· p10: due to multi-cell operation p10 has to be set such that the combined NACK to ACK probability is 1e‑3. Given that there may be up to 6 cells this leads to a per cell NACK to ACK requirement equal to 2e‑4. This also guarantees that p9 * p10 combined across cells is significantly below 1e-3 for non serving cells and therefore at 1e-3 when including the serving cell(s). 
· p11: multi-cell diversity allows to increase the ACK miss probability such that the combined (UL/DL & across cells) miss rate is 1e-2.
E-RGCH – Serving RLS
· Requirements for dedicated RG mode derived based on results shown in R1-041090 by Samsung
· Note that requirement for common RG mode may have to be lower

· In principle the  misdetection of a "down" command may be more critical than misdetection of an "up" command. Consequently one could conclude that the UE could use a non zero threshold and/or the Node B use different power offsets for "up" and "down". It seems however more important that when the Node B only send "hold" commands the UE does not drift in one direction or the other and operates in average at the nominal grant. As long as the probability is the same for "up" and "down" false alarms the UE will oscillate around the nominal grant value. Simulation in R1-041090 indicate that the variance in effective grant resulting from this oscillation does not affect the system performance as long as the false alarm and error rate are kept below 10%.
E-RGCH – Non Serving cell
· Due to the use of OOK and "down" false alarms, the effective UE grant will drift away from the nominal grant and converge towards 0.

· The "down" false alarm probability as well as the number of cells in the active set determines the drift rate. Table 2 shows the combined "down" false alarm probability given a per link "down" false alarm probability and as a function of the number of cells in the UE's E-DCH active set (only one cell assumed to be a member of the serving RLS).

· When the UE's effective grant goes below the desired grant, the UE may request more resource through the happy bit or by sending an effective request. Irrespective of the method this triggers more usage of the R‑GCH in the downlink. It therefore desirable that the drift time constant is kept relatively high. Table 3 shows the average time until the UE's effective grant is halved (assuming three 1 dB steps) compared to the nominal grant assuming that the Node B controlling the serving cell(s) keeps transmitting  hold commands.

Table 2: average combined probability of "down" false alarm
	Per cell false alarm probability
	Number of cells in E-DCH active set

	
	2
	3
	4
	5
	6

	1.00E-01
	10.00%
	19.00%
	27.10%
	34.39%
	40.95%

	1.00E-02
	1.00%
	1.99%
	2.97%
	3.94%
	4.90%

	5.00E-03
	0.50%
	1.00%
	1.49%
	1.99%
	2.48%

	1.00E-03
	0.10%
	0.20%
	0.30%
	0.40%
	0.50%

	1.00E-04
	0.01%
	0.02%
	0.03%
	0.04%
	0.05%


Table 3: average time [s] until effective grant is reduced by 3 dB

	Per cell false alarm probability
	Number of cells in E-DCH active set

	
	2
	3
	4
	5
	6

	1.00E-01
	0.30
	0.16
	0.11
	0.09
	0.07

	1.00E-02
	3.00
	1.51
	1.01
	0.76
	0.61

	5.00E-03
	6.00
	3.01
	2.01
	1.51
	1.21

	1.00E-03
	30.00
	15.01
	10.01
	7.51
	6.01

	1.00E-04
	300.00
	150.01
	100.01
	75.01
	60.01


Conclusion

We suggest that these values and the associated rationale are conveyed to RAN WG4 and RAN WG2.
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