3GPP TSG GERAN Meeting #21
Tdoc GP-042015
Montreal, Canada, 23-27 August 2004
Agenda Item: 7.1.5.11

Source: Siemens


Video over Circuit Switched Bearers

1 Introduction

At GERAN#20 a number of documents were presented discussing possible ways in which video could be provided over circuit switched bearers in GERAN A/Gb mode, such as a modified E-TCH/F32.0 with a reduced interleaving depth. Three main options are currently considered for the support of circuit switched video telephony:

· To modify the existing E-TCH/F32.0 scheme by decreasing the interleaving depth and thus reducing the end-to-end delay to within 400ms currently specified by the ITU-T. It is estimated that there will be approximately 2.5dB loss in link level performance when reducing the interleaving depth from 110ms to 40ms. [1]
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 \* MERGEFORMAT [2]. It is also expected that a CIR of around 18-20dB is required to provide a service with 10-4 BER. This is deemed feasible in the Release 6 or 7 timeframe.

· Introduce new coding schemes (or indeed to use Flexible Layer One) tailored to the video service. Preliminary investigation, presented in [3], show link layer gains for FLO with 80ms interleaving of approximately 0.5-1dB compared to E-TCH/F32.0 with 80ms interleaving. This option would be feasible within the Release 7 timeframe, subject to the completion of FLO over A.

· Introduce new coding schemes combined with new timeslot configurations using either 2.5 or 3 timeslots, referred to as E-TCH/F25.6, E-TCH/H12.8 (for 2.5 TS) and E-TCH/F21.4 (for 3 TS). The cost of using additional timeslots is offset by the advantage of being able to provide the required BER at lower CIR compared to E-TCH/F32.0 [4]. This option would most likely be undertaken with a view to completion in Release 7. 

An initial assessment of the above options can be found in [5]. 

One of the key concerns of operators is to avoid any re-planning of their networks. Providing a minimum CIR of around 20dB across the whole cell will be demanding and will more than likely lead to a service with reduced coverage. A more attractive option is to increase the number of timeslots as proposed in [4]. The present document assesses the link level performance of the proposal presented in [4], for both 2.5 or 3 timeslots and compares it to the modified E-TCH/F32.0 proposal in [1]
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[2].

2 The 3G-324M multimedia codec

3GPP has adopted the 3G-324M multimedia codec (a modified version of the ITU H.324) for the provision of video over circuit-switched bearers [6]
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[7] in 3G networks. A diagram of the 3G-324M multimedia codec is shownin Figure 1.
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Figure 1: 3G-324M Protocol Architecture.

The 3G-324M consists of a two media codecs supporting video and audio. In addition to these, protocols are defined for user applications (data protocols) and for system control (H.245 call control). The data streams from each of these units are then multiplexed together using the ITU-T H.223 standard. The H.223 protocol provides both multiplexing and error recovery functionality and outputs frames termed MUX-PDUs. It is important to note that the size of MUX-PDUs may vary. At call setup the rate of the transmission is negotiated via the H.245 control protocol, which determines the bit rates and frames sizes for the video frames, audio frames, and MUX-PDUs. In order to identify SDU boundaries, special synchronisations sequences are added to the start of each PDU. Essentially, the output from the 3G-324M is simply a sequence of bits which is then transported transparently over the network. It is assumed that t he data is transparently mapped onto the appropriate number of Abis connections to the BTS. In contrast to traditional circuit switch telephony, where a FER/RBER target is specified, the important point is that the RAN is unaware of MUX-PDU frames and hence it is not possible to control the video frame error rate directly. Instead a bit error rate target is specified and error recovery and concealment is handled by the 3G-324M codec. The current assumption is that a BER of 10-4 will be required. Moreover damaged frames at the radio layer should still be passed to the higher layers, and not discarded (even if the CRC check fails).

3 Link layer simulations

Link layer simulations for the modified E-TCH/F32.0 scheme and the two proposals on new timeslot configurations have been carried out. Table 1 shows the parameters used for the simulations.

	Radio channel profile
	TU3iFH

	Channel variation during burst
	Dynamic

	Channel taps
	6

	Frequency
	900MHz

	No. of frames simulated per point
	50000

	Interferer
	Cochannel. GMSK.

	RF impairments modelled
	None.


Table 1: Link layer simulation parameters.

3.1 ECSD, E-TCH/F32.0

One possibility to support a 64 kbit/s service is to provide it over two ECSD, E-TCH/F32.0 channels. In order to avoid excessive round trip delays it has been proposed to reduce the interleaving depth used. Link layer performance results have previously been presented in [2] and discussed in [1] and [3].

The BER performance of E-TCH/F32.0 with interleaving depths of 40, 60, 80 and 110ms is presented in Figure 2. 
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Figure 2: Performance of modified E-TCH/F32.0 scheme with interleaving depths of 110, 80, 60 and 40ms for TU3iFH.

Table 2 summarises the CIR required to achieve a BER of 10-4 with the reduced interleaving depths. Results from Ericsson provided in [2] are also included in the table. It can be seen that as the interleaving depth is decreased the CIR required increases. Reducing the interleaving depth from 110ms to 80ms leads to a loss of around 0.5dB, a further degradation of 0.5dB is incurred in reducing the interleaving depth to 60ms and around 1dB further loss occurs when using 40ms interleaving.

	Interleaving

Depth [ms]
	10^-4 BER

(Ericsson) [dB]
	10^-4 BER

(Siemens) [dB]

	110
	16.1
	15.6

	80
	16.7
	16.0

	60
	17.7
	16.5

	40
	18.8
	17.7


Table 2:  Performance of modified E-TCH/F32.0 scheme with interleaving depths of 110, 80, 60 and 40ms for TU3iFH. (BER = 10-4).

The results demonstrate that using a modified E-TCH/F32.0, and including an approximate implementation margin of 1.5 dB, it can be estimated that a CIR of about 17.1 – 19.2 dB (using the Siemens results) will be required to provide a service with BER of 10-4.

3.2 Channel coding for the 2/3+3/2 timeslot configuration

The proposal from Vodafone allows 3 timeslots for both the uplink and downlink to be used dynamically, to provide the equivalent of 2.5 timeslots. The channels on these timeslots can be considered as two full rate channel (with a bit rate of 25.6 kbit/s) and one half rate channel (12.8 kbit/s), as depicted below in Figure 3.
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Figure 3: 3/2 + 2/3 timeslot configuration.

The 2.5 timeslots need to provide a gross rate of 64kbit/s. If the bits are distributed equally, then this can be provide using two full rate channels providing 25.6kbit/s (E-TCH/F25.6) and one half rate channel providing 12.8 kbit/s (E-TCH/H12.8). Table 3 summarises the coding scheme used with interleaving depths of 20, 40, 60 and 80ms for E-TCH/F25.6 and E-TCH/FH12.8. A CRC size of 18 bits was used for both channels in order that the upper bound on the residual BER is below 10-4. It should be noted that the puncturing schemes used in the channel coding were generated using the rate-matching algorithm for the Flexible Layer One (see TS 45.003).

	
	E-TCH/F25.6

(25.6 kbit/s)
	E-TCH/H12.8

(12.8 kbit/s)

	Payload size [bits] 
	512
	256

	CRC size [bits]
	18

	Coding rate
	0.37

	Interleaving depth [ms]
	20, 40, 60, 80

	Modulation
	8PSK


Table 3: Applied coding scheme for 25.6 kbit/s FR and 12.8 kbit/s HR bearers.

BER performance curves for the full rate and half rate channels are shown in Figure 4 and Figure 5 below.
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Figure 4: BER performance of proposed 25.6kbit/s FR bearer, E-TCH/F25.6 with 20, 40, 60 and 80ms interleaving for TU3iFH.
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Figure 5: BER performance of proposed 12.8kbit/s HR bearer, E-TCH/H12.8 with 20, 40, 60 and 80ms interleaving for TU3iFH.

A summary of the performance of the coding schemes for E-TCH/F25.6 and E-TCH/H12.8 is presented in Table 4.

	Rate and Interleaving Depth [ms]
	10^-4 BER [dB]

	FR, 20ms
	17.1

	FR, 40ms
	14.1

	FR, 60ms
	12.8

	FR, 80ms
	12.0

	HR, 20ms
	22.2

	HR, 40ms
	17.0

	HR, 60ms
	15.8

	HR, 80ms
	14.9


Table 4: Performance of modified E-TCH/F25.6, E-TCH/H12.8 scheme with interleaving depths of 110, 80, 60 and 40ms for TU3iFH. (BER = 10-4).

In order to avoid problems with different delays on each of the timeslots, the interleaving depth for both the half-rate and full-rate channels need to be the same. However, this leads to an imbalance in the CIR required to reach the 10-4 BER level between the full and half-rate channel. A simple solution to this is to redistribute the number of bits carried by each channel. Since the full rate channel performance is superior, the full rate channel should carry more than 512 bits. The exact distribution of bits between the channels is for further study.

With a redistribution of the bits, 80ms interleaving and an implementation margin of 1.5dB, it is estimated that the CIR required to reach a BER of 10-4 will be in the region of 14.9dB. With 40ms this figures rises to approximately 17.0dB
. 

3.3 Channel coding for the 3+3 timeslot configuration

An alternative scheme, also presented in [3], proposes the use of a so-called “shifted 3+3” timeslot configuration as shown in Figure 6.
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Figure 6: 3 + 3 timeslot configuration.

In this case, a gross bit rate of 64kbits/s can be provided using 3 timeslots with a bit rate of 21.4kbit/s each. As in section 3.2, a similar coding scheme could be used. Table 5 summaries the proposed and applied coding scheme with interleaving depths of 20, 40, 60 and 80ms for E-TCH/F21.4. A CRC size of 18 bits was used in order that the CRC upper bound on the BER is below 10-4.

	Payload size [bits]
	427

	CRC size [bits]
	18

	Coding rate
	0.3

	Interleaving depth [ms]
	20, 40, 60, 80


Table 5: Possible coding scheme for 21.4 kbit/s bearer, E-TCH/F21.4.

BER performance curves for this channel is shown in Figure 7, below, for interleaving depths of 20, 40, 60 and 80ms.
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Figure 7: BER performance of proposed 21.4kbit/s bearer for E-TCH/F21.4 with 20, 40, 60 and 80ms interleaving for TU3iFH.

A summary of the performance of the coding schemes is presented in Table 6.

	Interleaving Depth [ms]
	10^-4 BER [dB]

	20
	16.0

	40
	12.8

	60
	11.4

	80
	10.9


Table 6: Performance of 21.4kbit/s bearer for E-TCH/F21.4 with interleaving depths of 110, 80, 60 and 40ms for TU3iFH. (BER = 10-4).

3.4 Link layer performance summary

Table 7 provides a summary of the CIR figures required to meet a BER equal to 10-4, for the proposals presented in the previous sections.

	Interleaving Depth (ms)
	E-TCH/F32.0 [dB]

(2 timeslots)
	E-TCH/F25.6 E-TCH/H12.8[dB]
	E-TCH/F21.4 [dB]

	20
	-
	21.1
	17.5

	40
	19.2
	17.0
	14.3

	60
	18.0
	15.8
	12.9

	80
	17.5
	14.9
	12.4

	110
	17.1
	-
	-


Table 7: Summary of CIR requirements for BER = 10-4 for TUi3FH for the different proposed schemes.

As can be observed, with 60ms interleaving a reduction in CIR of 2.2dB can be obtained with the 2.5 timeslot proposal (i.e. E-TCH/F25.6, E-TCH/H12.8) compared to the modified E-TCH/F32.0 scheme with 2 timeslots. With 3+3 timeslot configuration (i.e. E-TCH/F21.4) a figure of approximately 13dB is required to meet a BER of 10-4, hence a reduction of the CIR of 5dB can be achieved With 80ms interleaving the CIR figures are further reduced to around 15dB and 12.5 dB, equal to a reduction in CIR of 3dB and 5.5dB respectively, compared to the modified E-TCH/F32.0 scheme with 60ms interleaving, while only increasing the round trip delay by 40ms.

It should be noted that these figures provide a rough estimate of the expected performance of the proposed methods, and it may be possible to further reduce the CIR required by using additional coding techniques such as Reed-Solomon codes. This aspect is for further investigation. 

In summary, it can be seen that a reduction in the CIR of 2.2dB is possible with an extra ½ timeslot for the 2.5 timeslot proposal. With the 3+3 timeslot proposal a further reduction of approximately 2.5-3dB is possible, although at the cost of a redundant 4th timeslot in both the uplink and downlink.

One additional consideration with the proposed 3+3 timeslot configuration is the issue of multislot maximum outer power of the MS. At GERAN#15 [8], it was agreed to allow the MS to reduce its maximum output power by up to 4.8dB [9] for a 3 timeslot configuration in order to prevent overheating in the mobile. For 2 timeslots the MS is allowed to reduce its maximum output power by 3dB. It is important to take this aspect into account when considering link level performance (particularly for sensitivity). The effect on handovers also needs to be studied at the system level.

4 Conclusions

The present document provides link level performance results for the proposed new timeslot configurations [4] for the provision of video over circuit switched bearers, and compares it to the option to modify the existing E-TCH/F32.0 channels. A reduction in the required CIR in the order of 5dB is achievable. With E-TCH/F32.0 and reduced interleaving around 17.5-19dB are required to meet a BER of 10-4. With the 2/3+3/2 timeslot proposal it is estimated that a CIR of 15-17 dB will be required. Using the 3+3 timeslot configuration reduces this requirement to around 12.5-14.2dB, but at the expense of an unused timeslot. 

Since operators are keen to avoid re-planning of their networks in order to support circuit switched video, the option to increase the number of timeslots and reduce the minimum required CIR is attractive. As demonstrated, there is a clear benefit when introducing new radio bearers for providing video over a 64 kbit/s circuit switched channel. 

Additionally, based on the discussion in [5], the following points should be considered:

· Service downgrade to speech-only via the SCUDIF protocol [10] (or other mechanisms currently being considered by SA2 [11]) is currently (and in Rel-6 timeframe) not possible.

· Coverage may be limited with the modified E-TCH/F32.0 solution. For operators of UTRAN/GERAN networks, providing as large a possible coverage of the video service is desirable.

· A DTM based solution (audio would be provided over a CS bearer and video provided over the PS domain) could be used in the interim, until a complete solution is specified in Release 7.

· Full 3G inter-working should be ensured, which is unlikely to be possible in Release 6.

Thus the proposal specified in [1] to simply reduce the interleaving depth on physical layer and not to consider these issues is not believed to be viable for designing a circuit switched video telephony service over GERAN. Instead, it is proposed to start a new work item investigating a full solution (such are those proposed in [4] and discussed in this document) in order to provide circuit switched 64kbit/s video service over GERAN in the Release 7 timeframe, and avoid hastily specifying a temporary solution in Release 6, which is unlikely to satisfy user expectations.
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� The estimate was provided by taking a CIR figure roughly halfway between the CIR figure for the full-rate channel with 512 bits and the half rate 256 bits.
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