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Fast Access Request for VoIP mobiles
1 Problem Statement
There is considerable interest within GERAN to support VoIP efficiently over packet channels. For reasons of spectral efficiency it is highly desirable to allow a VoIP mobile to multiplex with other ‘best effort’ mobiles on the same physical channel. When there is no voice activity, the other mobiles could send data on that channel, leading to highly efficient use of valuable spectrum. But there is a well known problem, which is the subject of several papers within GERAN [e.g. Ref GP-070676]: multiplexing on the uplink is a difficulty. The problem is that when the user starts talking after a silent period, any delay to resumption of uplink speech may lead to ‘clipping’, but if the uplink has been allocated to another mobile, even a ‘best effort’ mobile, there may be considerable delays before it can be reallocated to the VoIP mobile.
The problem on the uplink is the following: the BTS not know when the period of speech silence ends. In the current GPRS system it must regularly ‘poll’ the VoIP mobile during speech gaps in case speech frames are now ready to send. This means that it allocates the VoIP mobile uplink resources whether it needs them or not, in order that the mobile can transmit a frame to indicate that speech has resumed. This is clearly wasteful, and also subject to undesirable delays: either the BTS polls the VoIP mobile frequently, which wastes uplink resources with ‘no data’ responses, or it polls it infrequently, in which case speech resumption is delayed.

It should be noted that the same problem does not arise on the downlink, since the base station both makes the multiplexing decision and transmits on the downlink

Currently this can lead to significant delays before a VoIP mobile can access the uplink after a ‘speech silence’ period. Even if the VoIP mobile has nothing to send, the BTS must poll it regularly by sending a USF which indicates the VoIP mobile, since the end of the silent period cannot be predicted. The result of such a poll is that no other mobiles can use the channel during the next radio block, even if the VoIP mobile has nothing to send. 

Of course the BTS could poll the VoIP mobile infrequently, but in that case when speech resumes there would be a severe delay. For example, suppose the BTS polls the VoIP mobile ½ of the time (thus wasting 50% of uplink resources during a silent period). In the worst case, assuming speech began just too late for an allocated uplink radio block, there could be a delay of 2 radio blocks before the VoIP mobile can transmit again to indicate that it has some data to send. This corresponds to approximately 40 ms, an undesirable period of delay. Even then there will be a further delay of at least 1 radio block, since the BSC must decode this message and react to it by increasing the allocation to the VoIP mobile, so in practice delays of up to 60 ms are expected.

The proposal of [Ref GP-070676] considered a signalling based solution to this problem, but analysis showed that it does not solve the problem except in restrictive circumstances. In the present proposal we outline a layer 1 based solution as follows:-

(1) A “fast access message” is proposed, which consists of a data sequence which is orthogonal to the training sequence.

(2) A new transmit burst structure is proposed to contain a so called fast access message, which suppresses transmit power outside the training sequence. This ensures that interference with uplink data is minimized.

(3) Mitigation any co-channel interference caused by the “fast access message” is addressed, using a fixed set of “fast access data sequences” which vary in a deterministic way from burst to burst.

2 Technical Description

2.1 Fast access message 

In this description, we assume that there are two mobiles that share a PDCH. One of these mobiles requires fast access to the uplink, which in this description we assume is a VoIP mobile.
A “fast access message” is proposed which can be sent pre-emptively from the VoIP mobile to request the uplink channel. This “fast access message” would consist of a fixed data pattern which can be specified to have minimum correlation with data sequences sent by other mobiles on the uplink, i.e. the correlation:-

|Σ di mi |

is minimized, where the index i runs over the data symbols transmitted by the other mobile {di} and the data symbols comprising the fast access message from the requesting VoIP mobile {mi}.
Of course {di} is not known, therefore it is not possible to construct {mi} to minimize this correlation in general. Therefore the performance of other mobiles sharing the same physical channel on the uplink could be degraded whenever the VoIP mobile sends a “fast access message”. However this problem can be resolved by ensuring that the fast access message coincides with the training sequence, which is the same for all mobiles communicating with the base station.

2.2 Power mask

To ensure that there is no interference with the variable data part of the burst, a power control profile is applied to during the timeslot in which the Fast Access Request is transmitted. Thus the signal for the Fast Access Request has the property that it has non-zero power only during the part of it which arrives in parallel with the training sequence from the other mobile (i.e. at the centre of the burst), and hence does not interfere with the data part of the burst. 

This is shown in Figure 1. The transmitter uses the commanded power level only during a portion of the training sequence, so that outside the time occupied by the training sequence the transmitter is turned off. As a result, the “fast access message” only interferes with the training sequence of any uplink transmission from another mobile on the same timeslot. Since this training sequence is known, the “fast access message” can consist of a fixed sequence which is optimized to interfere minimally with the training sequence
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Figure 1: Transmit Power Time Mask – Fast Access Message

As a further measure, the length of the central part of the transmit power time mask can be adjusted by reducing it from 26 symbols to 26-Tred symbols, where Tred is here referred to as the training sequence reduction factor. This ensures that even in the presence of multipath spreading, the “fast access message” only interferes with the training sequence and does not interfere with adjacent data bits. In this solution it is proposed that the value Tred would be calculated by the base station, which is best placed to estimate the amount of multipath spreading, and signalled to the mobile station. However it is also possible that the mobile station could observe the multipath spreading on the downlink and adjust Tred on the assumption that the amount of multipath spreading observed by the base station on the uplink is likely to be similar.
2.3 Cyclic data sequence variation

It is also desirable to mitigate co-channel interference with adjacent base stations. Although it is possible to identify fixed data sequences for the “fast access message” which interfere minimally with the training sequence used at the wanted base station, there is still the problem that the “fast access message” may produce unwanted interference at adjacent base stations. 

Based of foregoing it is proposed to use the pure sine wave, since sinusoidal waves provide good average correlation properties, do not generate any spurious and are simple to detect reliably. For GERAN systems, the sinusoidal signal may preferably be generated by employing a rotation between constellation points of the symbol constellation. For GMSK, this may be achieved with a (0, 0, 0, 0; and 1, 0, 1, 0, 1)… sequence, which in a GERAN system will result in a sine wave +/- 67.7 kHz from the centre of the frequency channel. For 8-PSK modulation, the different constellation rotation rates can specifically in GERAN systems generate sine waves +/- 16.9, +/- 50.7 and +/- 84.6 kHz from the centre of the frequency channel. 
On top of this it is proposed that a set of such fixed data sequences is used in a cyclic manner, where each data sequence has low correlation with the training sequence. When the “fast access message” is transmitted during the 4 bursts of a radio block, each other burst for GMSK and each burst for 8-PSK can use a different element of this repertoire of fixed data sequences. There is no need to signal which members to use: since the repertoire is fixed for each training sequence, all that is required is a convention for indexing and ordering the different members of the set of data sequences, and they can then be used in a known pre-determined sequence of which both transmitter and receiver are aware. This is illustrated in Figure 2, where the illustration shows the cyclic use of 4 data sequences.
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Figure 2: Transmit Power Time Mask – Fast Access Message

2.4 Signalling

To support this capability, and the signalling of Tred,  training sequence reduction factor, some signalling is needed in 44.060. For example an additional optional 3 bit field within the “Packet Power Control/Timing Advance” message would provide the capability of adjusting the power mask length by up to 7 symbols. The presence of this field could be used as in indicator that the mobile is allowed to send the fast access message.

3 Standards Impact and Compatibility

Identified impacted on standards are: 

· TS 45.005- definition of power mask
· TS 45.002- format of fast access message

· TS 44.060- signalling

4 Conclusion and Further Work

GERAN is requested to study this proposal and provide advice and comments regarding the possible system impact. If no major blocking factors are identified, the next stage will be to identify appropriate optimized data sequences for the fast access message and provided detailed performance characterizations.
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