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P-t-m with feedback for MBMS: Burst design for the Common Feedback Channel 

1. Introduction

At GERAN#17 the “p-t-m with feedback” concept was discussed and simulation results were provided. Further discussion and simulation results can be found in [1], [2] and [3]. One open issue was that of the design of the uplink common feedback channel (CFCH). The present document proposes a possible solution. Simulation results are also presented characterising the performance of the channel.

2. Proposed solution

One possible solution is for the BTS to measure the RF power received on the common channel, and if it exceeds a certain threshold, then the corresponding downlink RLC/MAC block is retransmitted. The problem with this approach is that the BTS is unable to distinguish between the power of the bursts sent by the users and interference generated by neighbouring cells (e.g. by a traffic channel).

In order for the “NACKs” to be received correctly even in the event of collisions, it is proposed that a code sequence (such a Walsh-Hadamard sequences, Gold sequences, Kasami sequences or m-sequences) is transmitted in the bursts. Each cell is assigned a different sequence, for example, based on the base station colour code (BCC), thus ensuring the suppression of cochannel  interference in case the MBMS service is allocated on the BCCH frequency. Each MS within the same cell, sending a NACK, sends the same sequence in its burst. Ideally, for good performance sequences for this application must have good auto-correlation and low cross-correlation properties. Figure 1 shows a possible structure for the NACK burst.
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Figure 1: Example of “NACK” burst.

At the BTS, the sequence for the cell is correlated with the received signal. If peaks above a certain threshold are detected in the correlation, then this will be interpreted as the reception of a “NACK” and corresponding RLC/MAC block(s) may be retransmitted. 

3. Simulations

3.1. Model

A simplified model for the deployment of MBMS users has been assumed. In particular a Monte Carlo simulation for a given number of MBMS users simultaneously sending a NACK burst was carried out. The DNNIR ratio is specified for each simulation point and is used to determine the power of the dominant NACK burst to interfering signals. For each iteration of the simulation, the following steps are performed:

1) For each MS the distance of the MS from the BTS is initialised as a (uniform) random number between 10m and the cell radius.

2) For each MS the velocity is generated as a (uniform) random number between 0 and the maximum velocity.

3) For each MS the total power loss is calculated using the shadow fading and path loss.

4) For each MS a NACK burst is modulated and is passed through a fast fading channel model (the channel model is re-initialised for each MS with the current MS velocity).

5) Each NACK burst is delayed (with a granularity set by the over-sampling rate, T/4 in this case) according to the distance of the corresponding MS from the BTS.

6) The NACK bursts are summed and cochannel interference added. The cochannel interference is passed through an uncorrelated channel (with random velocity).

7) The Dominant NACK to Non-dominant NACK plus Interference plus noise Ratio (DNNIR) calculated at the receiver is defined as:
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where N is the number of MBMS users simultaneously sending a NACK burst, PD is the power of the dominant NACK burst, and Pn is the power of the nth non-dominant NACK burst. PI is the power of the cochannel interferer. PN is the power of additive white Gaussian noise.

Table 1 summarises the simulation parameters. Corresponding results are presented in section 4.

	Iterations
	50000 per point

	Cell radius
	2.5km

	Maximum MS velocity
	3 km/h

	Code Sequence
	64 bit Kasami sequence (zeros fill the remaining 13 bits). NACK burst structure as in Figure 1

	BTS antenna gain
	14 dBi

	Fast fading profile
	Typical Urban 

	Path loss model
	128.1 + 37.6*log(d)

	Shadow fading standard deviation
	7 dB

	Shadow fading spatial correlation distance
	50 m

	Interferer
	GMSK, random bits.

	Channel sampling rate
	4x oversampling

	Receiver sampling rate
	2x oversampling

	NACK detection threshold
	0dB



Table 1: Simulation parameters

Figure 2 shows the receiver model used in the simulations. Demodulation and “NACK” detection are performed with 2x over-sampling.
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Figure 2: Receiver model for NACK detection

3.2. Detection algorithm

The NACK detection algorithm consists of two parts. Firstly, the demodulated symbols are correlated with the known (up-sampled 2x) code sequence. The magnitude and phase information from the correlation are then passed to the second stage. The second stage of the detection algorithm performs the following:-

i) The peak magnitude of the correlation is found.

ii) At the peak offset in the received composite signal, the signal to noise ratio is calculated using the known sequence and phase offset provided by the correlator.

iii) If the SNR exceeds the “NACK detection threshold” a NACK is detected (set to 0dB for the simulations presented in this paper).

Note that the algorithm only attempts to detect the strongest received NACK. This is sufficient in the simplest p-t-m with feedback system since it is only necessary to detect “1 or more” NACKs.

4. Simulation results for up to 6 MBMS users

Figure 3 shows the performance of the uplink channel against DNNIR for 1 to 6 MBMS users. As the number of users increases, the probability of a missed NACK (i.e. the probability that at least one MS sends a NACK but the network detects no response) decreases. It is logical to assume that as the number of users increases the likelihood of at least one NACK burst being detected increases. However, the DNNIR ratio, as defined in the present document, assumes that non-dominant NACK bursts are simply interference, which is not strictly true in all cases (for example, the maximum misalignment is only 2.3 symbols for a 2.5km cell, which may mean that constructive interference can occur). In fact a non-dominant NACK may well trigger the detection of a NACK burst even though it was considered as destructive interference.


[image: image4]
Figure 3: Performance of the NACK feedback channel with 1-6 MBMS users simultaneously sending a NACK burst against DNNIR.
5. Further investigation with 2 users

In this section the performance of the feedback channel, considering two users is analysed in more detail. Two metrics are defined as follows,

The Dominant (in terms of power) NACK burst to Interference plus noise Ratio is not taking into account the power of the non-dominant NACK bursts and can be defined as:
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where PD is the power of the dominant NACK burst, PI is the power of the cochannel interferer and PN  the power of additive white Gaussian noise.

The Dominant NACK to Non-dominant NACK Ratio, DNNR, is defined as
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where PD is the power of the dominant NACK burst, and PND is the power of the non-dominant NACK burst.

Figure 4 shows the performance of the feedback channel (2 users) using the DNIR and DNNR metrics defined above. The results demonstrate that as the DNNR decreases, the performance of the channel increases. Furthermore, in some cases the NACK bursts may interfere constructively resulting in improved NACK detection. Another reason for the increased performance as the DNNR approaches zero is that there is an increased chance of detecting at least one of the NACK bursts, for example, if one of the bursts experiences a deep fade.
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Figure 4: Performance of the NACK feedback channel with 2 users.

From the results shown in this section and section 4, the following points can be drawn:

· The performance of the NACK feedback channel is good even at low DNNIR (= CIR in the case of 1 user). For example, with cell planning of a minimum CIR of 9dB, the probability of missing NACKs is below 1%.

· As the number of users simultaneously accessing the feedback channel increases, the probability of successful NACK detection improves.

6. Further considerations

The probability of false NACK detection (i.e. a false positive) has not been investigated in this paper. However, it is thought that the probability is very low and thus the impact on the p-t-m retransmission is likely to be very small. One possibility for improving the performance of the NACK feedback channel is to reduce the NACK detection threshold. The drawback is the increased risk of a false positive NACK detection. This aspect is for further investigation.

One possible problem with the proposed uplink feedback channel is that it may not be possible to support the channel in all BTS equipment, especially legacy transceivers. One possible solution is to make the support of the feedback channel optional. In this case equipment that is unable to support the CFCH, could rely on additional FEC as discussed in [3] and [4]. Another alternative is to use the existing access bursts and rely on RACH detection. The risk is that spurious NACK bursts could be interpreted as RACH accesses, triggering the assignment of resources when none are actually required. Furthermore, since only one type of extended training sequence exists, NACK feedback bursts could be detected in adjacent cells using the same frequency for the MBMS transmission. For these reasons, the design of a new burst structure for the feedback channel is preferable.

One other open issue is the effect of the NACK burst on network performance due to additional neighbour cell interference they cause, if the proposed feedback mechanism [1] is applied. Clearly, minimisation of NACK transmissions is desirable to avoid reducing network capacity. Some alternatives exist for minimising the impact of the feedback channel. The first is to use robust GPRS / EGPRS coding schemes in order to reduce the downlink BLER and thus reduce the number of NACKs that are sent from MSs with erroneous received blocks. Another alternative is to use a different reuse factor for the MBMS in a different layer, for example, on the BCCH frequency, where the cochannel interference level  is typically lower.
Nevertheless, if GERAN believes that this issue has to be investigated further in more detail, we propose to define one reference network configuration in order to evaluate the impact of the CFCH on the uplink interference performance in the network. This configuration could be based e.g. on the network scenario 4 recently defined within the framework of the SAIC Feasibility Study[5]. Both MBMS allocation on a nonhopping BCCH carrier and on a hopping carrier could be studied considering the impact on voice traffic channels, e.g. by evaluating the connection FER. 
7. Conclusions

The present document discusses the design of the uplink feedback channel (CFCH) for the p-t-m with feedback concept for MBMS. A new burst structure is proposed which carries a sequence used to detect the presence of a feedback NACK burst. Simulation results demonstrate that the performance of the feedback channel is very good even for low DNNIR ratios. Furthermore, the feedback detection performance increases as the number of users simultaneously accessing the channel increases. The document demonstrates that such a channel is feasible (provided that the required enhancements can be implemented within existing BTS equipment) and that its performance is sufficiently good thus providing minimal impact on the throughput performance of the p-t-m with feedback solution. 
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� The NACK detection threshold is the SNR threshold at which a NACK is detected and is a parameter of the detection algorithm (see section � REF _Ref62634549 \r \h ��3.2�).
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