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1 Introduction

UEP has been under discussion as improvement. The feasibility study 23.807 ‎[1] indicates a number of possibilities to communicate UEP between the involved entities. 3GPP TSG-SA WG2 has requested RAN2 to evaluate the benefits of the introduction of UEP in VoIMS in terms of radio capacity/coverage ‎[2].
The benefit of UEP is case of VoIP has been evaluated in contribution S2-052546 ‎[3]. The benefit is calculated based on the difference in coding rate for the various classes of bits, for a VoIP over DCH solution. This solution is principally the same as the ‘sub-flow’ solution for CS voice. The solution requires a very specific PHY implementation.
Comparing the capacity for a solution in which all bits are coded at rate 1/3 with a case where class A and B bits are coded at rate 1/3 and the class C bits are coded at rate 2/3
, leads to a physical layer gain of between 0.4 and 0.6 dB. This leads on system level to a capacity gain of between 7% and 13%, depending on the environment.

Though the reported capacity gain is significant, it is questionable if such UEP solution is worthwhile. The solution requires that the VoIP connection is handled very differently from other IP connections. This counteracts the important gain of VoIP over CS speech of unifying the applications. Secondly, this solution only works for DCH connections. The gain of Hybrid-ARQ in combination with VoIP may well outperform the presented option of UEP through channel coding.

This contribution proposes an alternative solution, principally different from the one analyzed in S2-052546 ‎[3]. The proposal is to reduce the CRC coverage and CRC size in HSPA for AMR voice applications. The proposed alternative is much simpler, and leads to a capacity gain of close to 10%.
2 Discussion
Currently a 24-bit CRC protects the HSPA data in a Hybrid-ARQ process. This CRC covers all application bits carried in the process. In case of a CRC failure, the Hybrid-ARQ triggers a retransmission. Using a 24-bit CRC matches the requirements for data applications. 

The AMR RAB definition (see e.g. 3GPP TS 34.108 ‎[4]) however uses a 12-bit CRC applied only to the class A bits. One may expect that residual BER of a 12-bit CRC in a cellular environment is below the required 10-6, as it is used in the AMR RAB. Therefore, one proposal is to apply a 12-bit CRC instead of a 24-bit CRC to AMR VoIP traffic.

In addition, the AMR RAB does not apply the CRC to all bits, but only to the class A bits. Translating this to VoIP, the CRC is applied to the (RoHC compressed) message header, the VoIP header and the class A bits; effectively excluding the class B and C bits from the CRC. The CRC does not detect errors in the class B and C bits. The raw BER and the error detection in the protected part of the message govern the residual BER in the class B and C bits.

These two suggestions lead to four alternatives:

1. Current solution: 24-bit CRC over all bits

2. 12-bit CRC over all bits

3. 24-bit CRC over the message header, CMR, ToC and class A bits

4. 12-bit CRC over the message header, CMR, ToC and class A bits

Figure 1 compares the layout of the option combining the shorter CRC with reduced coverage (4) with the current solution. Table 1 summarizes the main parameters for the four options, when assuming that the RoHC compressed header is 4 Bytes.
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Figure 1 Proposal for CRC generation
Table 1 Parameters for modified CRC over VoIP packet

	Field
	bits
	Included in CRC for alternative

	
	
	1
	2
	3
	4

	Header
	32
	+
	+

	CMR
	4
	+
	+

	ToC
	6
	+
	+

	Class A
	81
	+
	+

	Class B
	103
	+
	– 

	Class C
	60
	+
	–

	Byte alignment
	2
	+
	–

	Data bits in CRC (bits)
	288
	123

	CRC (bits)
	24
	12
	24
	12

	Data in CRC + CRC (bits)
	312
	300
	147
	135

	Packet length (bits)
	312
	300
	312
	300


2.1 Performance analysis
The gain of such solution can be found in two aspects:

1. By reducing the CRC the overall size of the packet is reduced. Assuming a header size of 4 Bytes, when compressed by RoHC, the Byte aligned VoIP message is 288 bits. The 24-bit CRC creates a total length of 312 bits. By reducing the CRC to 12 bits, the overall length reduces to 300 bits, which is a reduction of nearly 4%. This translates more or less immediately into a similar capacity gain.

2. Applying the CRC to only the header and the class A bits reduces the number of retransmissions. In line with the CS DCH solution for AMR, bit errors in only the class B or class C bits do not result in a CRC-error. The AMR codec design can handle erroneous data in these bits. Only errors in the header and in the class A bits should trigger a retransmission.

This section estimates the gain of this partial coverage of the CRC. The following assumptions are the basis for the estimation:
· Bit errors are uncorrelated.
· Due to bit scrambling, bit errors occur completely randomly in the packet.
· Neglecting the false ACK probability of the CRC
 does not affect the conclusions.
· The initial BLER target for HSDPA scheduling or HSUPA power control equals 0.1.
· The step size for scheduling and power control equals 1 dB. As the aim is to meet at least the BLER of 0.1, the average scheduled power is 0.5 dB over the target.
· The variation in allocated power due to latency in the control loop has a lognormal distribution. (The distribution has a mean of 0.5 dB, due to the previous assumption. The standard deviation depends on the scenario, e.g. the speed of the mobile.)

The analysis uses an HSDPA model. The gain of the uplink is at least in the same order of magnitude, as the AMR codec is the same, and the Hybrid-ARQ processes are very similar.
A simplified physical layer model is used which is described in ‎

 REF _Ref139698363 \r \h 
‎[5]. The basis of this model is the translation of the propagation conditions in a dispersive channel into fading in an AWGN channel, in combination with the BLER curves of a receiver in an AWGN channel. The translation of the dispersive channel conditions works in such a way that the resulting BLER of this simplified model matches the BLER of complex physical layer models largely.

Figure 3a shows the probability density of the margin in transmitted AWGN power with a standard deviation of 0.85 dB. The main cause of the variation is the HSDPA 3 TTI delay in the reporting of the CQI. The resulting initial BLER corresponds to the HSDPA initial BLER over a Vehicular A channel at 120 km/h with the above-mentioned model for translating the Vehicular A channel model to AWGN. The figure also shows clearly the mean of 0.5 dB. 

Figure 3b shows the BER versus the margin in transmitted bit power in an AWGN channel. The BER is derived for a TBS of 317 bits given the AWGN performance model in ‎[5]. In this reference the relation between the BLER, TBS (CQI) and SNR is approximated with an analytically expression. It is further assumed that the bit errors are independent.
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Figure 3 a) Probability density of the margin in transmitted power for BLER of 0.1, b) BER versus margin in transmitted power for BLER of 0.1 in an AWGN channel

The BLER for the four options is the probability that one or more bits are erroneous either in the fields the CRC covers or in the CRC itself. Figure 3 shows the resulting CRC error rate as a function of the transmitted power. The model considers the transmitted power relative to the power required to receive the normal VoIP packet with an initial BLER of 0.1. 

The gain in transmitted power for the same CRC error rate is 0.3 dB over a large range of CRC error rate values, when excluding the class B and C bits from the CRC calculation. The number of bits the CRC covers decreases from 288 to 123 bits. The difference between the 12-bit and 24-bit CRC calculation is marginal.
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Figure 3 CRC error rate versus margin in relative power for 1) 24-bit CRC calculated over all bits, 2) 12-bit CRC calculated over all bits, 3) 24-bit CRC calculated over header and class A bits, and 4) 12-bit CRC calculated over header and class A bits.

The rational of this result is the difference in the number of bits that can be in error to trigger a CRC error. Errors in the class B and C bits, representing roughly half of the bits, do not lead to noticed block errors. Table 1 shows that excluding the class B and C reduces the number of bits leading to a CRC error to 147/312 = 47% of its original size. The further reduction through reduction of the CRC size is a reduction to 135/312 = 43% of its original size. Only CRC errors trigger retransmissions.

The effective retransmission rate is the CRC error rate, as function of the transmitted power, weighted with the distribution of the transmitted power. Figure 3a shows a distribution that suits the Vehicular A at 120 km/h case (initial BLER = 14.8%). Other environments and other speeds have different initial BLER values and different standard deviations for the margin in transmitted power.
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Figure 4  CRC error rate versus standard deviation of the margin of the transmitted power

Figure 4 shows the effective CRC error rate as function of the standard deviation of the margin in transmitted power. Besides the clear increase in CRC error rate with increasing inaccuracy of the allocated power, more importantly the reduction of the CRC error rate is nearly independent from the standard deviation. The figure also shows that the CRC size has, as expected, hardly any impact on the CRC error rate.

Figure 5 shows the reduction in resulting transmissions as function of the BLER for the current solution. The figure expresses the reduction in transmissions as percentage of the number of transmissions for the current solution. Taking into consideration that the typical initial BLER is between 12% and 25%, partial coverage of the CRC reduces the number of transmissions in the order of 4 – 5%, while the additional reduction of the CRC size creates a reduction in the order of 4.5 – 5.5%. The reduction of the CRC size as such causes a marginal reduction in the number of transmissions (maximum 0.25%).

[image: image6.emf]0%

1%

2%

3%

4%

5%

6%

0 0.05 0.1 0.15 0.2 0.25 0.3

BLER of 1st H-ARQ transmission

Reduction in transmission

12-bit CRC over 288 bits

24-bit CRC over 123 bits

12-bit CRC over 123 bits


Figure 5 Reduction in retransmissions due to partial coverage of the CRC for two CRC sizes versus the initial BLER for the default VoIP packet

The capacity gain can be expressed as the increase in the number of connections that can be supported with the same amount of power, e.g. if the average power required for a connection reduces to 90% of the original average power, the capacity increases by 100%/90%-100% = 11%. 

The potential capacity gain for the proposal for UEP now is the capacity gain due to the reduction of the CRC size as such, and the gain due to the reduced number of transmissions. Figure 6 combines the two effects. Both effects are nearly equally large, and are more or less independent. The combined capacity gain can reach 10%.
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Figure 6  Capacity gain due to partial coverage of the CRC, and possible CRC size reduction versus the initial BLER for the default VoIP packet

The capacity gain calculation does not explicitly consider the load of control channels. Where the proposal reduces the number of retransmissions, this also decreases the load of the control channels by the same amount. The reduction in load due to the reduction of the size of the CRC does not lead to a reduction of the load for the control channels. 
Therefore, the reduction in load of the control channels is only the effect of reduced transmissions due to limited coverage of the CRC.  At the same time, the control channel load is limited compared to the load of the data channel, so the overall capacity gain is close to the value calculated for the data channel only.

A concern is the residual BER for the different fields. 
For the reduced CRC size, the estimated residual BLER follows from the CS AMR RAB. A 12-bit CRC results for the CS AMR RAB in a residual BLER of less than 10-6. Reducing the HSDPA CRC to 12 bits for VoIP will lead to a residual BLER in the same order of magnitude. This should be sufficient for all fields.

The residual BLER of the class B and C when reducing the CRC coverage can be estimated as the product of the BER, the probability that no error exists in the fields covered by the CRC at this BER, and the probability the BER occurs.
Table 2 reports the resulting residual BER for this calculation for the Vehicular A, 120 km/h case. The results for other environments differ only to a limited extent, not exceeding 6·10-4. The residual BLER is required to be below 10-3 for the class B bits and 5·10-3 for the class C bits. In all cases, the solution meets these requirements, so the quality for the end user is not sacrificed for the sake of a capacity gain.

Table 2 Main results for modified CRC over VoIP packet (Vehicular A, 120 km/h)

	
	all bits
	header / CMR / ToC / class A

	
	24-bit CRC 
	12-bit CRC 
	24-bit CRC 
	12-bit CRC 

	Reduction in message size (%)
	-
	3.8%
	-
	3.8%

	Reduction in transmissions (%)
	-
	0.3%
	4.5%
	5.0%

	Capacity gain (%)
	-
	4.3%
	4.7%
	9.4%

	Residual BER of class B and C 
	< 1e-6
	1e-6
	4.2e-4
	4.5e-4


3 Proposal
This contribution shows the potential capacity gain that may be reachable when introducing a straightforward implementation of Unequal Error Protection for VoIP traffic over an HSPA link. This implementation requires in particular some modifications with respect to RAB and TBS definition.

We propose to investigate the concept of Unequal Error Protection, with a reduction of the CRC size and a reduction of the coverage of the CRC for VoIP traffic, in the context of HSPA evolution.
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� The referenced study S2-052546 � REF _Ref137974628 \r \h ��‎[3]� states that the class C bits are coded with rate 2/3. The standardised CS sub-flow however in coded with rate 1/2. It is therefore questionable if a sufficiently low BER is reachable without requiring additional power, and so reducing the gain.


� A false ACK can occur when two or more bit errors create a new bit pattern that leads to a correct CRC, erroneously suggesting that the message is still correct.





