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1 Introduction

This contribution presents further simulation results for the GSM Radio Access Network (GERAN) Real- Time Fast Associated Control Channel (RTFACCH).  See [reference 1] for a detailed description of the GERAN RTFACCH.  During ETSI SMG2 #36 in Biarritz, France (May 22-26, 2000), several issues were raised regarding the GERAN RTFACCH:

· Power control as it applies to a best-effort data user: RTRRM WER is shown as function of RTRRM/I and C/I (not as a function of RTRRM/C as was done previously). This will illustrate whether or not power control as it applies to a best-effort data user negatively impacts RTRRM WER performance.

· Minimum and maximum delay scenarios when errors exist in RTRRM reception.

· Best-effort data user BLER performance in presence of RTRRM: For MCS-1 BLER performance, illustrate whether or not changes to GSM 05.05 are required.

The GERAN RTFACCH mechanism proposed in [reference 1] makes it possible to statistically multiplex GSM Release 2001 GSM AMR full-rate and half-rate voice user(s) (conversational traffic class) and GSM Release 1999/2000/2001 GPRS/EGPRS data users (interactive and background traffic classes: best-effort packet data).

2 Real-Time Resource Request Message (RTRRM)

The RTRRM comprises the 5 bit downlink TFI of the MS TBF. These 5 bits are coded into 148 bits using two code waveforms (one code waveform for "0" and the other for "1"). When the GSM Release 2001 GSM AMR full-rate voice user (conversational traffic class), requires uplink radio resources, it transmits the 5 bit downlink TFI of its TBF by coding it into 148 bits and then transmitting it over the entire burst of 577 (sec.  The coding is performed as follows:

Two codes, code-0 and code-1, each of 31 bit in length, are transmitted for a 0 and 1, respectively. The specific codes, which are used in the simulations, are maximal length (ML) sequences as indicated below:

Code-0 = 11110 11100 01010 11010 00011 00100 1

Code-1 = 11110 11001 11000 01101 01001 00010 1

Since downlink TFI after coding results in a total of 155 bits (not 148 bits), 7 bits are punctured, resulting in 148 bits.  Note that puncturing results in unequal coding gain for different bits.  The alignment of the RTRRM from a GSM Release 2001 GSM AMR full-rate voice user (conversational traffic class),  with a best-effort packet data normal burst from a GSM Release 1999/2000/2001 GPRS/EGPRS data user (interactive and background traffic classes) is as illustrated in Figure 1.  Note that bit 0 and bit 4 of the 5 bit downlink TFI get less coding gain compared to the other downlink TFI bits because of the puncturing and also because of the absence explicit tail bits.
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Figure 1  Time alignment between best-effort packet data normal burst and RTRRM.

The kth sample of the complex envelope of the received signal at the output of the BS receiver filter, r(kT) (represented as rk), can be expressed as follows:
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         when RTRRM is not present                         Equation (1)
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         when RTRRM is present  
   Equation (2)

where

· sk is the kth sample of the information signal from the GSM Release 1999/2000/2001 GPRS/EGPRS data user (interactive and background traffic classes);

· pk is the kth sample of the RTRRM signal from the GSM Release 2001 GSM AMR full-rate voice user (conversational traffic class); and

·  nk is the kth sample of the receiver noise.

Also, Ik(j) represents the kth sample of the ith interferer.  {ci} and {di} represent the channel impulse responses associated with the GSM Release 1999/2000/2001 GPRS/EGPRS data user (interactive and background traffic classes) and GSM Release 2001 GSM AMR full-rate voice user (conversational traffic class), respectively.

3 Simulation Results

The system performance is based on the average Carrier-to-Interference power ratio, <C/I>, and average RTRRM to interference power ratio, <R/I>, which are derived from equation (2) as follows:
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Equation(4)

The performance is measured as the average RTRRM WER for the real-time voice user and the average BLER for the best effort data user.  We also evaluate the delay involved in re-establishing the resources to the voice user.

In the simulations, the following parameters are used and the following assumptions are made:

· Average Carrier-to-Noise power ratio <C/N> is 30 dB.

· The interference consists of 6 co-channel interferers.

· The simulations are performed over 1000 radio blocks.

· For each radio block, the RTRRM overlaps with one of the four normal bursts of the radio block, which is selected randomly.

· Best-effort packet data is assumed to be GMSK modulated and interfering signals are also GMSK modulated.

· Ideal frequency hopping is assumed.

· Channel type: TU3

3.1 Performance of RTRRM

Figure 2 shows the average RTRRM WER as a function of <C/I> for different values of <R/I>. The simulation results cover both single branch and dual branch reception at the BS. These results show the effect of a non-power controlled best-effort data user on the reliability of RTRRM signaling.  We can conclude the following from the results: (1) The dual branch diversity gain at 1% RTRRM WER is more than 5 dB; and (2) As the best-effort data user carrier power increases relative to the RTRRM power level, the RTRRM WER degrades slightly (e.g., otherwise the graphs in Figure 2 would be horizontal lines).

[image: image6.wmf]
Figure 2  RTRRM WER as a function of <C/I> as a function of <R/I>.

3.2 Performance of Best-Effort Data

Figures 3 and 4 show the performance of the best-effort data user using theMCS-1 coding scheme. Figure 3 shows the average BER and Figure 4 shows the average BLER results with single branch reception. Note that the simulation results are for the scenario where the RTRRM is transmitted on every radio block (but on only one burst of the radio block), which represents a worst scenario. From the results it is clear that the presence of RTRRM and its power level relative to the best-effort data user carrier power level does not affect the quality of the best-effort data reception (at least within a range of (10 dB for average R/I). A similar phenomenon is also observed for dual branch diversity reception. NOTE: Therefore, for MCS-1 BLER specifications, no changes to GSM 05.05 are envisaged.

[image: image7.wmf]
Figure 3  Average BER for the best-data user (using MCS-1) for different values of <R/I> (single branch reception).

[image: image8.wmf]
Figure 4  Average BLER for the best-data user (using MCS-1) for different values of <R/I> (single branch reception).

3.3 Minimum and Maximum Delay

Figures 5 illustrates the minimum and maximum delay scenarios for the fast access mechanism, when the radio resources during voice user’s silence period is assigned  to another data user (interactive and background traffic classes).  The delay is measured as the time elapsed between the transmission of an RTRRM on the uplink and the reestablishment of uplink speech transmission by the GSM Release 2001 GSM AMR voice user (conversational traffic class). 

The following points provide an explanation of how the minimum and maximum delays are calculated:

· When the RTRRM is transmitted on the fourth burst of an uplink radio block (e.g., radio block Bx), the GERAN has already transmitted the USF on the downlink radio block (Bx) assigning the next uplink radio block (Bx+1) to another GSM Release 1999/2000/2001 GPRS/EGPRS data user (interactive and background traffic classes).  Therefore, the GSM Release 2001 GSM AMR voice user (conversational traffic class) has to wait until the next uplink radio block (Bx+2) before it can reestablish uplink speech transmission.

· When the RTUAM (Real-Time Uplink Assignment Message, see [reference 1]) is transmitted on the first burst of a downlink radio block, repetition diversity may be employed and, consequently, the RTUAM may also be transmitted on the next 3 burst in order to increase robustness.  For repetition diversity, the following procedure should be adopted:

· For decoding, each of the RTUAM bursts should be self-sufficient.

· The parity bits on each of the RTUAM bursts should be different; therefore, when the bursts are combined, the error protection will be better.

· When the RTUAM is transmitted on the third or fourth burst of a downlink radio block, the ability to employ repetition diversity may be lost.
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Figure 5  Minimum and maximum delay scenarios when GSM Release 2001 GSM AMR voice user (conversational traffic class) radio resources during the voice user’s silence period are assigned to another user.

Figure 6 shows the retransmission mechanism for RTRRM signal. In the event the BT does not receive the RTRRM message correctly, the MS waits for RTUAM in the next burst on the downlink and retransmits the RTRRM in the very next burst on the uplink as depicted in Figure 6.
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Figure 6  Retransmission mechanism for RTRRM considered in calculating the minimum and maximum delay scenarios.

Figures 7(a) to 7(d) show the delay statistics for different scenarios of initial RTRRM transmission. We restrict the presentation to dual diversity reception. The results show that for 100% of the RTRRM receptions are successful within 50 ms at <R/I> of 0 dB and <C/I> less than 7.5 dB.

[image: image11.wmf]
Figure 7(a)  CDF of the time delay involved in getting back uplink resources as function of average carrier to interference ratio and average carrier to RTRRM ratio. CASE 1: When the RTRRM is transmitted on the fourth burst of the radio block, i.e., overlapping with the data sent on the fourth burst of the radio block (dual branch reception).

[image: image12.wmf]
Figure 7(b)  CDF of the time delay involved in getting back uplink resources as function of average carrier to interference ratio and average carrier to RTRRM ratio. CASE 2: When the RTRRM is transmitted on the first burst of the radio block, i.e., overlapping with the data sent on the first burst of the radio block (dual branch reception).

[image: image13.wmf]
Figure 7(c)  CDF of the time delay involved in getting back uplink resources as function of average carrier to interference ratio and average carrier to RTRRM ratio. CASE 3: When the RTRRM is transmitted on the second burst of the radio block, i.e., overlapping with the data sent on the second burst of the radio block (dual branch reception). 

[image: image14.wmf]
Figure 7(d)  CDF of the time delay involved in getting back uplink resources as function of average carrier to interference ratio and average carrier to RTRRM ratio. CASE I: When the RTRRM is transmitted on the third burst of the radio block, i.e., overlapping with the data sent on the third burst of the radio block (dual branch reception). 

4 Conclusions and Recommendations

The simulation results presented show that the C/I performance of the best-effort data user (with MCS-1 coding scheme) is not affected by the presence of RTRRM. The simulations results presented also show that the best-effort data user carrier power increases relative to the RTRRM power level, the RTRRM WER degrades slightly (e.g., otherwise the graphs in Figure 2 would be horizontal lines). Finally, the simulation results also show that for 100% of the RTRRM receptions are successful within 50 ms at <R/I> of 0 dB and <C/I> less than 7.5 dB.

During ETSI SMG2 #36 in Biarritz, France (May 22-26, 2000), several issues were raised regarding the GERAN RTFACCH:

· Power control as it applies to a best-effort data user: RTRRM WER is shown as function of RTRRM/I and C/I (not as a function of RTRRM/C as was done previously). This will illustrate whether or not power control as it applies to a best-effort data user negatively impacts RTRRM WER performance. Conclusion: There is no significant negative impact on RTRRM WERE performance
· Minimum and maximum delay scenarios when errors exist in RTRRM reception.  Conclusion: Delay CDFs were shown for different RTRRM/I and C/I.
· Best-effort data user BLER performance in presence of RTRRM: For MCS-1 BLER performance, illustrate whether or not changes to GSM 05.05 are required. Conclusion: For MCS-1 BLER performance, no changes to GSM 05.05 are required. RTRRM transmitted on all radio blocks (worst-case scenario).
We believe that the GERAN RTFACCH satisfies all of the requirements and meets all of the goals delineated in Section 1 of [reference1].  Relatively minor changes are required to standardize the GERAN RTFACCH.

Once all issues related to header compression, handover, channel coding/interleaving, etc. have been resolved, we believe that the GERAN RTFACCH makes it possible to easily implement the statistical multiplexing of a GSM Release 2001 GSM AMR full-rate (and half-rate) voice user(s) (conversational traffic class) and GSM Release 1999/2000/2001 GPRS/EGPRS data users (interactive and background traffic classes).

GERAN RTFACCH can also be used to increase the capacity of current CCCH/PCCCH/CPCCCH (viz., RACH, PRACH, and CPRACH).
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APPENDIX A: Example of a Joint Detector for RTRRM and Best-Effort Packet Data

A joint detector is a detector that simultaneously decodes both the RTRRM and best-effort packet data.  Here we present an example of a joint detector that illustrates what needs to be updated (e.g., via a baseband signal processing algorithm) in a typical GSM Release 1999 demodulator in order to implement the GERAN RTFACCH. We assume that the GSM Release 1999 demodulator includes a typical equalizer.
A.1
Baseband Signal Processing Algorithm Updates Required for GERAN Receiver

We assume a maximum likelihood sequence estimator (MLSE).  In an MLSE, the jth branch metric, (k(j), at time instant k, is calculated (in the absence of RTRRM) as follows:
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 represents the symbol vector of the best-effort packet data resulting from the transition from ith state at time (k-1) to jth state at time k. 
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 represents the estimated channel impulse response.  L is the length (in symbols) of the channel impulse response.

The branch metric is modified to jointly decode the RTRRM and best-effort packet data as follows:
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(A1)

Note that the third term on the right hand side of equation (A1) corresponds to RTRRM and it has only two possible states (m = 0 or 1) corresponding to each of the two code waveforms. Additional steps involved in decoding the RTRRM are:

· Channel estimation during training sequence, 
[image: image19.wmf]}
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· Calculation of the branch metric corresponding to RTRRM for each of the two code waveforms (m = 0 and 1).

· Determination of the downlink TFI of the MS TBF.

A.2
Further Simplification

A further simplification can be achieved by not continuously calculating the third term (which corresponds to RTRRM) on the right hand side of equation (A1).  In other words, the third term on the right hand side of equation (A1) can be calculated only when it has been determined that RTRRM is present.

A typical example of this scheme is depicted in Figure A1.  RT_SW_C detects the presence/absence of RTRRM in the received signal.  The third term on the right hand side of equation (A1) is calculated (by closing both RT_SW switches in Figure A1) only when RT_SW_C detects the presence of RTRRM in the received signal.
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Figure A1  Simplified best-effort packet data + RTRRM joint detection scheme.
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