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Introduction:

It is well-known that all networks are moving toward to all IP networks. IP Multimedia CN Subsystem (IMS) is introduced in 3GPP Rel-5 as well.  As of today in GERAN, the speech pauses from the user could be used by the same user only and if the MS support the DTM (CS and PS on the same slot) and if the PS and CS services are activated simultaneously, what is not usual case for the most of the time. Taking in account that the average time duration for the pauses from each participating in the conversation users is about 50% and GSM channel activity is about 60%, it would be very desirable if the GERAN would allow to use the speech pauses from one user to be used by the another user filling them with GPRS blocks on the uplink direction. It would give a significant increasing the capacity for the GERAN systems in the uplink direction and improve GERAN spectrum efficiency. At the same time it would be no problems for the Network in GERAN system to multiplex (combine) the speech pauses on the downlink direction from one user with the GPRS blocks on the downlink direction from the another user (since the network knows exactly when the pause has started and when it has finished). Based on the above, it is proposed concept below that would significantly increase the GERAN (GPRS) systems capacity in both uplink and downlink directions. It could be a very useful technical enhancement for GERAN. The purpose of this paper is to initialize a discussion on this.
How to implement this depends on the future discussions although an example is given here. It is clearly to see from the example that GERAN could explore this potential enhancement by multiplexing data to voice channels,

Mechanism’s description:

On the downlink the “Combining of the GPRS downlink data blocks from one user with the speech 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 either 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 collision, if some special procedure would not be implemented are unavoidable.

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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Figure 1 Current implementation

Taking in account, that both the AMR Frames (speech, SID, U, N) and GPRS block have the same 20 ms duration, the innovation is proposed the mechanism allowing multiplexing the request to resume the “S” frames from one user and the GPRS block from another user.

To accommodate the foregoing concept it is proposed to introduce the “AMR Access Burst” and “Short GPRS block”.

The “AMR Access Burst” is the access request, which would be transmitted by the MS which is using AMR service at the end of the pause period, requesting the channel back.

The short GPRS block is the block, which associated with the MS using the PS service, and would be transmitting on the borrowed channel from another MS, which is using the AMR service, but being in the pause.    

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)

	
	
	
	
	


‑
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)

‑
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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Figure 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.

The “Short GPRS block”

The “Short GPRS block” is the block, which build from the three (the normal block is build from four TDMA frames/bursts) TDMA frames and therefore the new coding and interleaving schemes would be needed to be standardized. 
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Figure 3 

The first frame of the short frame must be mapped into second frame of the regular (normal) block, the second frame of the short block must be mapped into third frame of the regular (normal) block and the third frame of the short block must be mapped into fourth frame of the regular (normal) block.

The foregoing concept allows leaving the space for the AMR Access Burst (which must be mapped with the first frame of the regular block) to be multiplexed with the Short GPRS Block, as it could be seen below:
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Figure 4 

The “Combining of the GPRS Uplink data blocks from one user with the speech pauses periods from another user” concept is illustrated on the pictures below.
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Figure 5
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Figure 6


The figure above illustrated the advantages of the proposal, comparing the current situation where all “N” speech frames are unused by any user and the situation when the proposed “Combining of the GPRS Uplink data blocks from one user with the speech pauses periods from another user” would be implemented, showing that the GERAN System capacity could be significantly increased without introducing any hardware changing for both Network and MS.  

Signaling and Standardization: 

GPRS, using the DSA (Dynamic Slot Allocation)

Using the DSA, the Network is able to allocate the additional to the main slot another one on which the MS is expecting to receive and/or to transmit GPRS data block. The table below describes the signaling which would explicitly specify what the MS expected to do during the next block time duration.     

	Payload Type
	PR
	S/P
	RRBP
	

	11
	≠11
	0
	00
	Downlink Only (DL)

	11
	≠11
	0
	01
	Uplink Only (UL)

	11
	≠11
	0
	10
	DL+UL

	11
	≠11
	0
	11
	Short UL

	11
	11
	0
	00
	DL+ Short UL


The “Payload Type”=11 is not used in the GERAN specifications yet and therefore could identify the DSA mode.

PR=11 is not used yet in GERAN specifications. 

S/P=0 in the current GERAN specifications, while the DSA is not included yet which is intended to be standardized, but had not yet) indicates that the RRBP field in the block header is not used (valid). Based on foregoing, the S/P=0 could identify that the RRBP field has a different meaning for the MSs capable with DSA. 

For the MS capable with DSA the RRBP field would explicitly inform the MS whether it must receive only, or transmit only, or receive and transmit simultaneously the normal GPRS blocks, or transmit the Short GPRS Block only or receive the normal block while transmit the Short GPRS Block during the next block time duration, while the slot number would be explicitly identified by the DSA. 

The major pros of the DSA are that it reuses the existing block structure and channel coding for all GPRS modulation schemes and that all legacy MS would be not affected by introducing it, since it uses the Payload field=11, which according to the 3GPP TS 44.060, is reserved and that the mobile station shall ignore all fields of the RLC/MAC block except for the USF field, what allow to imbedded the allocated slot number in the header of the GPRS block, without any possibility to have a collision with the legacy MSs.  

Another big advantage of the DSA is the ability to use the speech pauses from different users (multi-users) and filed them with the GPRS data from the user, using the RS services. 

Picture below explicitly describe the foregoing (multi-users) concept. 


[image: image7.emf]S-Speech (AMR); F-SID First; AAB-AMR Access Burst; N-Not used

SB-Short GPRS Block

“1”-Current situation

“2” and “3”-Multiplexing of the AMR frames from one user with GPRS 

blocks from different users (user 1 and user 3).

F S S S S S S N N N N N N N

1

SB SB SB

F S S S S S S

SB SB SB SB

AAB

AMR Frames from User 1

Short GPRS Blocks from User 2

Multiplexing the AAB from 

User 1 and SB from User 2

AMR User 1

2

SB SB SB

F S S S S S S

SB

AMR Frames from User 3

Short GPRS Blocks from User 2

Multiplexing the AAB from 

User 1 and SB from User 2

AMR User 3

3

SB

AAB

S

SB

  Slot N, N

≤

8

  Slot M, N

≤

8

AMR Frames from User1

 AMR User 1

Not Used


Figure 7
To accommodate the “Combining of the GPRS Uplink data blocks from one user with the Speech pauses periods from another user” technical enhancement in GERAN, the follow changes (in red) in the 3GPP TS 44.060 GERAN specifications are expected and a separate CR will be drafted if GERAN delegates believe that this enhancement is agreeable.
10.4.7
Payload Type field, Dynamic Slot Allocation (DSA) mode indicator

The Payload Type field shall indicate the type of data contained in remainder of the RLC/MAC block. The encoding of the Payload Type field is shown in table 10.4.7.1.

Table 10.4.7.1: Payload Type field

	bit
8 7
	Payload Type

	0 0
	RLC/MAC block contains an RLC data block

	0 1
	RLC/MAC block contains an RLC/MAC control block that does not include the optional octets of the RLC/MAC control header

	10
	In the downlink direction, the RLC/MAC block contains an RLC/MAC control block that includes the optional first octet of the RLC/MAC control header.
In the uplink direction, this value is reserved.

	1 1
	Reserved. In this version of the protocol, the mobile station shall ignore all fields of the RLC/MAC block except for the USF field. For DSA capable MS, the DSA mode is “ON”


10.4.4
Supplementary/Polling (S/P) Bit

The S/P bit is used to indicate whether the RRBP field is valid or not valid. In case that the DSA mode is ‘ON”, indicates the DSA control field. Table 10.4.4.1: Supplementary/Polling (S/P) bit - GPRS case and RLC/MAC control
	bit 4
	S/P

	0
	RRBP field is not valid. Along with DSA mode is “ON”, the RRBP field becomes DSA control field.  

	1
	RRBP field is valid


10.4.5
Relative Reserved Block Period (RRBP) field

Table 10.4.5.1: Relative Reserved Block Period (RRBP) field, DSA Control   

	bit
6-5
	Full-rate PDCH uplink block with TDMA frame number
	Half-rate PDCH uplink block with TDMA frame number

	0 0
	(N+13) mod 2715648
	reserved

	0 1
	(N+17 or N+18) mod 2715648
	(N+17 or N+18) mod 2715648

	1 0
	(N+21 or N+22) mod 2715648
	reserved

	1 1
	(N+26) mod 2715648
	(N+26) mod 2715648

	
	DSA mode is “ON”, PR≠11

	0 0
	Downlink Only (DL)

	0 1
	Uplink Only (UL)

	1 0
	DL+UL

	1 1
	Short UL

	
	       DSA mode is “ON”, PR=11

	0 0
	DL+ Short UL


10.4.10a
Power Reduction (PR) field, DSA control field extender.

Table 10.4.10a.1: Power Reduction (PR) field

	bit
8 7
	Power Reduction

	0 0
	0 dB (included) to 3 dB (excluded) less than BCCH level – P0

	0 1
	3 dB (included) to 7 dB (excluded) less than BCCH level – P0

	1 0
	7 dB (included) to 10 dB (included) less than BCCH level – P0

	1 1
	In case DSA is “OFF” Not usable, otherwise extending the DSA control field (bits 5-6) 
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