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1. Introduction

The error recovery procedure for S&W as described in [1] provides sufficient means to avoid loss of DL packets, for which a NAK was sent by the UE, but – due to bad channel conditions – an ACK is received at node B, so that node B continues transmission with the next DL packet, although a retransmission of the previous one would be required.

This document discusses performance results for the recovery procedure only applying one type of Revert (REV) command, as already mentioned in [1].

The gain of the recovery procedure clearly is the minimization of the number of lost packets remaining
, and hence results in a  minimization of 

· the number of retransmissions on RLC level for AMD transmission, and 

· the number of retransmissions on application level for UMD and TMD transmission

As a consequence, the overall delay for HSDPA transmissions is reduced. Note that due to the MAC-HS task of taking care of in-sequence delivery by means of the TSNs carried in-band, the receiver can only decide after the maximum number of retransmissions was reached, that a PDU will definitely not be retransmitted by the h-ARQ process [2], i.e. this also holds in case of the mis-interpretation of an NAK as an ACK.

Furthermore, there also seems to be a reduction of DL interference (due to the avoided retransmission in DL direction initiated on RLC or application level, esp. if RLC SDUs were discarded, because one segment was missing due to a lost RLC PDU), and of the UL interference due to the missing RLC message to request a retransmission (RLC status report in case of AMD transmission, and retransmission request on application level in case of UMD and TMD transmission). 

Also traffic on Iur/Iub is reduced, if retransmissions can be kept on  MAC-hs level.

In this context, the following questions arise:

1. The recovery procedure needs an additional command to be sent in the UL, which has to be better protected than ACK and NAK, in order to make sure that the mis-interpretation of a Revert Cmd (REV) as an ACK or a NAK is sufficiently rare. 

2. What is the cost in terms of interference for reducing the probability of packet loss due to NAK(ACK mis-interpretation , 

-  if the recovery procedure is applied?

- if NAK(ACK mis-interpretation is made comparably rare by increasing the protection of a NAK in S&W without recovery procedure?

3. Is there a relevant reduction of the DL throughput due to the recovery procedure, which – in case of only one type of REV (see [1]) needs a default transmission after each recovery phase, since the REV always NAK’s a packet, whether it is received error-free or not.

This contribution aims at investigating these questions based on simulation results taking into account the properties of a Rayleigh fading channel and closed loop power control, which also applies for the DPCCH-2 carrying ACK and NAK. The simulation model also uses channel estimation.

2. UL signalling under Rayleigh channel conditions

In a Rayleigh fading channel, after a (usually) short fade the channel gets soon much better, i.e. after a mis-interpretation of a NAK as an ACK, the following REV is in many cases received error-free. Hence, it can be expected, due to the fading channel properties, that the REV only needs moderately increased protection to achieve an acceptable performance. Since the REV is only sent after a fade has corrupted a NAK, it should be possible with moderate effort to keep the risk of mis-interpretations of a REV command sufficiently unlikely. 

Furthermore, better protection of the REV is also required, in order to avoid an ACK or a NAK being mis-interpreted as a REV command. These two error cases are, however, not as serious as the mis-interpretation of a REV command as an ACK (which would again cause a packet loss), since these two error cases only waste DL capacity:

· In case an ACK for a packet with TSN=N is interpreted as a REV, the sender would “go back” and send the packet with TSN=N-1, while the receiver only needs the packet with TSN=N+1. Using the energy levels as defined in section 2.2, this case is as rare as mis-interpretation of a REV as an ACK.

· In case a NAK for a packet with TSN=N is interpreted as a REV, the sender would go back and send the packet with TSN=N-1, while the receiver expects a retransmission of the packet with TSN=N. Using the energy levels as defined in  section 2.2, this case is as rare as mis-interpretation of a REV as an NAK.
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Figure 1: Better protecting NAKs in order to avoid NAK(ACK mis-interpretations.

2.1 Better protecting NAK in S&W without recovery

Figure 1 shows the energies to be sent for NAK and ACK without applying the recovery procedure. In a Rayleigh channel (3 paths) with CLPC and channel estimation at a UE speed of 3 kmph, these settings result in the mis-interpretation probabilities as given in Table 1. Due to the doubling of the energy sent for a NAK compared to the energy sent for an ACK, the probability for a NAK(ACK-mis-interpretation is so low, that nearly no packets are lost. These probabilities are input for a protocol model that implements S&W without the recovery procedure.

	X
	P{X(A}
	P{X(N}

	A
	0.99
	0.01

	N
	1e-04
	0.9999


Table 1: (Mis-) interpretation probabilities in a Rayleigh channel with CLPC and channel estimation @Eb/N0=0.3, (=3. 

One command consists of 10 bits. vUE=3 kmph.

2.2 How to protect REV better than ACK and NAK

Currently, the DPCCH-2 
 provides in one slot 10 bits for carrying ACKs or NAKs. Coding of the REV could be done without increasing the number of bits required, just by using – as an additional information – the transmission power level, since the DPCCH-2 is as part of the loop for CLPC also power-controlled. One possible choice of the relative power level is shown in Figure 2. With this constellation, the REV-ACK mis-interpretation risk is minimised.
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Figure 2: Decision Thresholds and bit energy levels of the DPCCH-2.

An alternative solution would be to send the REV command on a parallel code (“DPCCH-3”), which could give even better error rates, but would increase complexity at the node B due to the additional code, which has to be despread and decoded. However, it would not cause increased UL signal dynamics, as the REV and ACK/NAK would not be sent at the same time, i.e. there would be DTX
 on DPCCH-2, if a REV were sent on DPCCH-3, and DTX on DPCCH-3, if a NAK/ACK were sent on DPCCH-2.

	X
	P{X(R}
	P{X(A}
	P{X(N}

	R
	(0.9895
	( 5e-05
	0.01

	A
	( 5e-05
	(0.9895
	0.01

	N
	0.01
	0.01
	0.98


Table 2: (Mis-)interpretation probabilities in a Rayleigh channel with channel estimation and closed loop power control @Eb/N0=0.3, REV-NAK threshold is at 50%. One command consists of 10 bits. vUE=3 kmph.

Table 2 shows the (mis-)interpretation probabilities as obtained for a Rayleigh channel (3 paths) with CLPC and channel estimation at a UE speed of 3 kmph, with the decision thresholds as defined in Figure 2. These probabilities are input for a simulation model that implements the protocol aspects of S&W with the recovery procedure.

3. Performance comparison

To characterise the performance of the different scheme, three cases were simulated using the thresholds as described in Figure 1 and Figure 2 with Eb/No=0.3: 

A1) S&W without recovery procedure, P{N(A}=P{A(N}=0.01.

A2) S&W without recovery procedure, P{N(A}=0.0001, P{A(N}=0.01, ENAK=3 EACK , see also Table 1.

B) S&W with recovery procedure, P{N(A}=P{A(N}=0.01, P{R(A}(0.00005, EREV=9 EACK , see also Table 2.

The following tables show the corresponding results:

At a DL success probability of 0.9, 1109 out of 1 000 000 packets to be transmitted are lost due to N(A-mis-interpretation in case A1). In both cases A2) and B) these losses can be avoided, however, the required energy per TTI for A2) is about 20% higher than for B) (and A1)). Around 100 packets are lost in both cases, 98 packets (with recovery) and 111 packets (without recovery), since the maximum number of retransmissions does not suffice to transmit these packets error free.

	 
	# of pckts to be transmitted
	 
	1000000
	 
	DL error prob
	0,9
	 
	max# retransm
	3
	 
	 Eb/No=0.3

	
	Recovery Procedure 
	Full # DL Tx
	#ACKs sent
	#pckts err-free
	#NAKs sent
	#REVs sent
	#lost pckts
	Tput
	loss fraction
	E(UL)/E_A
	E(UL)/E_A per TTI

	A1)
	No, P{N->A}=0,01
	1119930
	1008952
	998794
	110977
	
	1207
	0,8918
	0,0012
	1119929,62
	1,0000

	B)
	Yes, P{N->A}=0,01
	1122539
	1011449
	999792
	111097
	1109
	98
	0,8907
	0,0001
	1132524,82
	1,0089

	A2)
	No, P{N->A}=0,0001
	1111089
	999990
	999889
	111099
	
	111
	0,8999
	0,0001
	1333286,05
	1,2000

	
	
	
	
	
	
	#pckts lost due to N->A mis-interpr in case A1)
	1109
	
	


For a DL success probability of 0.8, the increase in interference without the recovery procedure at the same packet loss probability amounts to about 40%:

	 
	# of pckts to be transmitted
	 
	1000000
	 
	DL error prob
	0,8
	 
	max# retransm
	3
	 
	 Eb/No=0.3

	
	Recovery Procedure 
	Full # DL Tx
	#ACKs sent
	#pckts err-free
	#NAKs sent
	#REVs sent
	#lost pckts
	Tput
	loss fraction
	E(UL)/E_A
	E(UL)/E_A per TTI

	A1)
	No, P{N->A}=0,01
	1255258
	1006265
	995973
	248993
	
	4043
	0,7934
	0,0040
	1255258,46
	1,0000

	B)
	Yes, P{N->A}=0,01
	1261062
	1011571
	997953
	249504
	2474
	1568
	0,7914
	0,0016
	1283345,43
	1,0177

	A2)
	No, P{N->A}=0,0001
	1248072
	998478
	998376
	249594
	
	1624
	0,7999
	0,0016
	1747259,85
	1,4000

	
	
	
	
	
	
	#pckts lost due to N->A mis-interpr in case A1)
	2474
	
	


4. Conclusion

For the following two cases:

Case A: No recovery procedure, increase the energy sent for a NAK, so that the probability of mis-interpreting a NAK as an ACK is as low as the probability of losing a packet due to a mis-interpretation of a REV in Case B (with recovery procedure).

Case B: Recovery procedure applied, protection of NAK as good as that of an ACK, energy to be sent for a  REV by a factor of 9 higher than that of NAK or ACK.

the simulation results indicate:

· The impact of the recovery procedure on DL throughput is negligible (decrease of  0.1% or less in Case B compared to Case A).

· Applying the recovery procedure allows to reduce the loss rate of packets (due to N(A-misinterpretations) to zero. Remaining packet loss only goes back to an insufficient maximum number of retransmissions.

· The UL interference generated is only increased by up to 1%, if REV commands are introduced. This is due to the fact that in Case B, the REV commands (with the higher protection, due to transmission with higher energy) are only sent if a NAK(ACK misinterpretation occurs.

· A similar reduction of the residual packet loss probability by increasing the protection of the NAK (instead of introducing the recovery procedure) increases the resulting UL interference (found in Case A) by at least 20% at a DL success probability of 0.9 (as found in Case B). This is mainly due to the fact that for a sufficiently low error probability, the increase in Eb/N0 for the NAKs  (in Case A) is much more considerable than for the REVs (in Case B), since the NAKs are sent much more often than the REVs.

Furthermore, it can be expected that the recovery procedure can help to balance the overall UL interference generated by HSDPA UL signalling, even if an increase in the loss probability is tolerated. This could be exploited for AMD transmissions, while for UMD and TMD transmission, packet loss probability is a much bigger issue: In AMD a higher loss probability might be acceptable, since the RLC layer can take care of retransmissions so that the additional delay due to retransmissions on RLC level is in the range of the SRNC-UE RTT of about 100 ms (“delay over Iub/Iur”) or more.  For UMD and TMD transmissions, the additional delay is much higher, since retransmissions have to be controlled on application level, and hence packet loss should be avoided as much as possible here, if UMD/TMD is used in conjunction with HSDPA.

UL interference reduction also means reduction of UE battery energy consumption by the same amount; hence the recovery procedure can contribute to improved UE power saving for HSDPA. 

The current simulation model (though incorporating CLPC and channel estimation) is quite conservative, hence the results are still too much in favour of S&W without recovery procedure: 

· It does not cover the retransmission of packets lost due to N(A misinterpretation in case A (no recovery procedure), hence ignoring the DL (and UL) throughput reduction resulting from the required retransmissions on RLC or application layer.

· It does not yet incorporate the “memory of the Rayleigh” channel, i.e. that in a TTI, after a NAK was mis-interpreted as an ACK, the channel conditions in many cases are again much better, so that the energy used for REV transmission in the reported simulations is most probably still higher than required.

Further reduction of the energy to be sent would result, if ACKs were sent at an even lower power level (extreme case EACK=0), since ACKs are sent much more often. Then, the N-A- and R-A-thresholds are below zero. For these cases it is expected that the gain of the recovery procedure in terms reduction of interference (and battery energy consumption) is significantly higher.

Simulations with a reduction of the probability of N(A misinterpretation down to 1e-06 showed an increase of the interference in Case A (without recovery procedure) of at least 30% (DL success probability 0.9) compared to Case B (with recovery procedure). 

5. References

[1] R2-012366, Error recovery for S&W in HSDPA, Source: Philips.
[2] R2-012330, HARQ Stall Avoidance, Source: Ericsson.











































� Loss of packets cannot be avoided completely, even with the recovery procedure: The number of retransmissions on h-ARQ level has to be limited, and if this limit is reached, although a particular packet is still not transmitted error-free, no further retransmissions should be allowed. This is the usual abort condition.


� DPCCH-2 is terminology used in 25.855. It is no longer used in 25.308.


� DTX: discontinuous transmission.
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