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1. Introduction:

According with the current GERAN specifications the AMR’s pauses could only be used by the same user if the MS supports the DTM and only in the case if the PS and CS (AMR) services are activated simultaneously, what currently has a very small penetration. At the same time, and taking in account that the average time duration of the pauses from each participating in the conversation end-user is about 50%, it would be very desirable if GERAN would allow to use the AMR’s pauses from one user by the another user, filling such pauses with GPRS blocks on the uplink direction. It would give a significant increasing the capacity for the GERAN systems in the uplink direction. On the downlink the “Combining of the GPRS downlink data blocks from one user with the AMR’s pauses periods from another user” concept could be based on the ability of the BSS to coordinate which information (AMR or GPRS) the BSS would transmit to the MS which is associated with AMR or to the MS which is associated with GPRS service.

On the uplink new concept is required since two uncorrelated MSs are intended to share the same particular slot at the particular block time and therefore the collisions are unavoidable, if some new concept would not be introduced and implemented.

2. Mechanism’s description:

From the diagram (3GPP TS 26.093) below it could be seen that all marked “N” blocks are not used, but instead they are wasted and therefore decreasing the capacity of the entire system.   
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Picture 1: Normal hangover procedure for AMR
The “Mapping of the AMR Access burst (AAB) on the standard 52 frames multi-frame, allowing multiplexing of PS blocks from one user with the AMR pauses from another user(s)” concept is based on the fact that AMR Frames (speech, SID, U, N) and GPRS blocks have the same duration.

To accommodate the foregoing concept it is proposed to introduce the “AMR Access Burst”.
2.1 AMR Access Burst

The “AMR Access Burst”, is depicted on the Picture 2. It is an access request burst, which the MS transmits at the end of the AMR’s pause period, requesting the voice channel back.

AMR Access Burst (AAB), Uplink direction only.
	Bit Number
	length 
	Contents 
	Definition

	(BN)
	of field
	of field
	

	0  
	‑  2
	3
	tail bits
	(below)

	3  
	‑  144
	142
	fixed bits
	(below)

	145  
	‑  147
	3
	tail bits
	(below)

	(148  
	‑  156
	8,25
	guard period (bits)
	subclause 5.2.8)

	
	
	
	
	


A- where the “tail bits” are defined as modulating bits with states as follows:

(BN0, BN1, BN2)
= (0, 0, 0)
and

(BN145, BN146, BN147)
= (0, 0, 0)

A- where the “fixed bits” are defined as modulating bits with states as follows:

(BN3, BN4 .. BN144)
= (0, 0 .. 0)

except for COMPACT frequency correction bursts where states are as follows:

(BN3, BN4, BN5, BN6 .. BN143, BN144)
= (1, 0, 1, 0, … 1, 0)

NOTE:
This burst is equivalent to unmodulated carrier with a +1 625/24 kHz frequency offset, above the nominal carrier frequency.
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                                                                         Picture 2: AMR Access Burst
As it could be seen, the AMR Access Burst (AAB) is the replica of the Frequency Correction Burst (FB), which is being used by the GERAN Networks on the downlink direction only, while the AAB, as proposed by this innovation, would be used by the MS on the uplink direction only.

The AAB access burst is predetermined such that it has a low average correlation over the possible data values of the user data. Specifically, it comprises a substantially sinusoidal signal. Sinusoidal waves provide good average correlation properties, do not generate the spurious and are simple to detect reliably.

Mapping of the AMR Access burst (AAB) on the standard 52 frames multi-frame
The concept describing the mechanism which allowed mapping the existing GPRS and EGPRS radio blocks from one user and the AAB from another user into the same standard 52-multi-frame for PDCHs is depicted in the Figure 3.
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(a) Existing structure of the standard 52- multi-frame for PDCHs for uplink 
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(b) Mapping the standard GPRS and/or EGPRS radio blocks from one user and the AAB from another user into the same standard 52-multi-frame for PDCHs for uplink
A-Idle frame, reserved for the Access frame From another MS

 X = Idle frame
T = Frame used for PTCCH
B0 – B11 = Radio blocks

Picture 3: Comprising existing (a) and proposed (b) mapping of the standard 52-multi-frame for PDCH.
Please note, during AMR pause period, PDCH structure is used for a voice channel DTCH. When voice user start to talk, AAB request I sent, and channel returns to a voice channel. After MS sends AAB, networks should stop the data user to use the voice channel. 

Some of the main advantages of the concept are:

1. No need to develop a new block concept and new relative coding schemas.

2. Usage the existing GPRS and EGPRS blocks.

3. Keep the existing 52 multi-frame structure, the X and T frames are located at the same places as per existing multi-frame.

4. 16 allocated places for the AAB allowing mapping at least one AAB burst per each block in the 52 multi-frame structures. 
5. 8 GPRS/EGPRS from different user potentially could be included in 52 multi-frames during the pause of the user using AMR.

6. Taking in account that both BSS and MS are synchronized with the frames/blocks numbering the insertion could be started immediately as pause started without need to wait the beginning of the next 52 multi-frame.    
7. Using the FDDA blocks into AMR pause from another user could be initiated at any pause time.

3. The dynamic of the concept.
In the description of dynamic of the concept it is assumed that the first MS is associated with the CS AMR service while the second MS is associated with PS (E)GPRS service.    

3.1 Flowchart of a concept from the base station point of view (Picture 4).
The base station is analyzing whether the received AMR frame from the first MS is SID, and if it is, the BS may or may not assign the “no-data” slot to the second MS which is associated with GPRS services additionally to the data slot the second MS is being used. It is intended that the BS would be able to assign the no-data slot on the block by block bases, imbedding the control information in the block header. In case the BS assigns the no-data slot to the second MS it continue to monitor whether the first MS has sent the AAB, what would indicated that the AMR pause is ended and the first MS is requesting the voice channel back. If an AAB is received by the base station from the first mobile device during an A-idle frame of a 52-multiframe the base station immediately discontinues reassigning first time slot corresponding to N AMR frames from the first mobile device and returns to receiving speech (S) AMR frames from the first mobile device, since the first mobile device always has priority on its own time slot. The reassignment of the first mobile device’s time slot during N AMR frames allows the base station to supplement the second mobile device’s existing packet-switched connection with some additional data throughput taken from unused wireless resources of the first mobile device. Also, there need not be only one “second mobile device.” If there are multiple other mobile devices with packet-switched connections being served by the base station, the base station may choose to share the time slot of the N AMR frames among a number of these other mobile devices. Because the 52-multiframes are all synchronized across one base station and its served mobile devices, and data blocks can be assigned individually by the base station, the base station has complete control over its allocation of a first mobile device’s N AMR frame time slots to the data blocks of one or more “second mobile devices.”

The BS also would be able to allow the first MS to transmit the “U” frame stopping assigning the no-data slot to the second MS when the first MS is scheduled to transmit “U” what would be possible since all MSs are synchronized from the BS point of view (frames number and multi-frames), or instructing the first MS do not transmit “U” frames at all. 
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Picture 4: Flowchart of a concept from the base station point of view
3.2 Flowchart of a concept for a mobile device with a circuit-switched connection.

Picture 5 is a flowchart of a concept for a mobile device with a circuit-switched connection to assist its serving base station to reassign the time slot of its no-speech-data (N) AMR frames to another mobile device’s packet-switched data. Upon starting, the first MS transmits speech AMR frames (S AMR frames). After a hangover period (during which S AMR are still being transmitted), the mobile device transmits SID First AMR frame (F AMR frame). After an F AMR frame is transmitted, the mobile device tracks the 52-multiframe. Because all the mobile devices served by a base station are synchronized within the cell, the mobile device is aware of the starting points and structure of the 52-multiframes even when it is not transmitting packet-switched data. Assuming that the SID Update (U) AMR frames (U AMR) will be sent every eighth AMR frame as is presently required by 3GPP TS 26.093, the mobile device transmits its U AMR frame every eight AMR frames. If no speech burst is detected from the user of the mobile device, the mobile device continues to track the 52-multiframes. If the frequency of SID Update AMR frames is modified, then the U AMR frames may be transmitted based on the modified frequency. For example, the U AMR frames may be transmitted only when they coincide with an A-idle frame of the 52-multiframe or probably the U AMR frames may be omitted altogether. If a speech burst is detected by the mobile device, the mobile device transmits an AAB during the next A-idle frame of the 52-multiframe. After that, the mobile device transmits its speech burst on S AMR frames and continues as previously described. 
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Picture 5: Flowchart of a concept for a mobile device with a circuit-switched connection
3.3 Flowchart of a concept for a mobile device with a PS connection
Picture 6 is a flowchart of a concept for a GPRS or EGPRS mobile device to transmit packet-switched data on the time slot of another mobile device during the no-speech-data AMR frames of the other mobile device. When the second MS starts its packet-switched connection, it transmits data on its initial time slot assigned by the BS. If the second MS receives an additional time slot assignment, which represents a reassignment of a time slot of a no-speech-data AMR frame from a different mobile device, then the mobile device transmits data on the initial time slot assignment and the additional time slot assignment as directed by the base station. Otherwise, the mobile device continues to transmit data only on its initial time slot assignment and transmits data as instructed by its serving base station.
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Picture 6: Flowchart of a concept for a mobile device with a PS connection
4. Conclusion
Based on this contribution, it can be seen that a base station can reassign an uplink time slot originally assigned to a circuit-switched connection of a mobile device that uses AMR coding. The reassignment can be to one or more mobile devices with packet-switched connections and will increase their uplink data transfer speed. When the base station receives a SID First AMR frame from the circuit-switched mobile device, it can predict the placement of future no-speech-data (N) AMR frames and SID Update (U) AMR frames. Because N AMR frames carry no information, the wireless resources (uplink time slot) of the N AMR frames can be reassigned to a packet-switched mobile device served by the same base station. A 52-multiframe for the packet-switched mobile device provides ample opportunities (e.g., A-idle frames) for the circuit-switched mobile device to inform the base station when the time slot is needed back by the circuit-switched mobile device for speech (S) AMR frames.

This method is also applicable to the downlink direction because the network knows the mobile user’s information such as when the speech pause has started and when it has finished.
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