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1  Introduction

The GPRS standard for the dynamic USF allocation mechanism allows an uplink granularity of 1or 4 radio blocks. This means that a single USF allows one single mobile just to send one or four consecutive uplink radio blocks. A greater than one uplink radio block granularity does not automatically prolong the DRX periods, because in the downlink all mobiles has to decode all downlink radio blocks to match its own TFI with the received ones to extract its assigned data. In downlink there is no mechanism, as for the uplink, to bundle a group of radio blocks which are addressed to a single mobile only. 

For battery power saving and to enhance the spectrum efficiency this paper proposes the two things:

· uplink and downlink radio block granularities of 1,2,4 and 8, and

· the possibility of having common uplink and downlink granularities.

The proposed mechanisms are applicable for the extended dynamic allocation mode as well as for the dynamic allocation mode in R’00. Resource sharing between GPRS and EGPRS on a single timeslot is supported.

Finally, Annex A contains a text proposal, which introduces the concepts into the appropriate stage 2 description (former GSM 03.64). 

2 Explanation

2.1 The current situation

There are two different uplink granularities, one or four radio blocks. These granularities are indicated to the MS by help of the PACKET_UPLINK_ASSIGNMENT message. The uplink granularity can be defined for each TBF independently, that means a single MS can have multiple TBFs having a granularity of 1 or 4.

In the downlink direction such a granularity is actually not part of the standard. Of course it is possible that a single TBF occupies a number of consecutive downlink radio blocks, but still each mobile operating on this PDCH have to decode each downlink radio block to compare its own TFI with the received one. 

Generally, all mobiles waiting for an USF or for data packets have to decode the complete downlink radio block stream. This increases the battery consumption and prevents the mobile from neighbour cell measurements. This is the main drawback of the USF allocation method.

2.2 The Proposals

Uplink granularities of more than one means that at least the first downlink radio block has to be decoded by a mobile to receive the USF, i.e. if a mobile is assigned to a 4 radio block uplink granularity only the first block grants uplink capacity by an USF the other three blocks do not (see example 1).   

Downlink granularities of more than one means that at least the first downlink radio block has to be decoded by a mobile to receive its own TFI, i.e. if a mobile is assigned to a 4 radio block downlink granularity only the first block indicates if the mobile gets data, the other three blocks do not (see example 2). 

The best case scenario, in respect of battery power saving and the speed up of neighbour cell measurements, is when only one single downlink radio block has to be decoded by the mobile to get both the USF and the TFI.

Common granularities in up- and downlink combined with granularities of more than one radio blocks have even more advantages when using smart antennas and adjusting a more accurate downlink power, because only the first radio block has to be received by both mobiles, the one getting the data and the other one getting the USF. All following radio blocks just have to be received by the mobile getting the data packets.

To support additional uplink and to introduce downlink radio block granularities a certain radio block allocation strategy is necessary.

The up- and downlink granularities are signalled to the MS by help of PACKET_UPLINK_ASSIGNEMT and PACKET_DOWNLINK_ASSIGNMENT messages. Granularities of 1,2,4 and 8 in uplink and in downlink shall be possible, therefor only two bits in both messages are sufficient.

In the following the allocation rules and basic principles are explained by help of several examples.






Example 1 – uplink granularity:

This example shows three mobiles, two of them have a 4 radio block uplink granularity, the third one has an uplink granularity of 2. A granularity of 4 means that the USF, which allows a transmission of four consecutive radio blocks can only occur in downlink radio blocks B0,B4 or B8. As shown here the USF in B0 grants capacity for mobile 1 in the uplink radio blocks B1,B2,B3 and B4. In B4 there is an USF for mobile 2 and grants B5,B6,B7 and B8. In B8 and B10 there are two USF for mobile granting B9,B10 and B11,B0.
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This example shows a certain rule:

Uplink granularity 4 means that the mobile has to listen to each 4th block to decode the USF.

A granularity of 2 means that each 2nd block has to be checked. But a mobile with an uplink granularity of 1 has to decode each downlink radio block.

Example 2 – downlink granularity:

This example shows three mobiles with different downlink granularities. Two of them have a 4 downlink radio block granularity, the third one has a granularity of 2. A granularity of 4 means that the TFI indicates a downlink transmission of four consecutive radio blocks. As shown here the TFI in B0 indicates for mobile 1 data blocks B0,B1,B2 and B3. For mobile 2 the TFI in B4 indicates data in B4,B5,B6 and B7. For mobile 3 there are two TFIs in B8 and B10 indicating data in B8,B9 and B10,B11.
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This example shows a certain rule:

Downlink granularity 4 means that the mobile has to listen to each 4th block to match its own TFI with the one contained in the radio block. A 2 radio block granularity means that each 2nd block has to checked. But a mobile with an downlink granularity of 1 has to decode each downlink radio block.

The predefined granularity in up- and downlink has following advantages:

· it simplifies the scheduler in the mobile, all mobiles with certain granularities listens to certain downlink radio blocks

· the addressing of groups of radio blocks is simple

· the DRX periods are well known by all the mobiles

· by use of smart antennas, the radio blocks which have to be sent to two mobiles are well known 

· full backward compatibility to R99 mobiles, the scheduler can treat them accordingly

but also a drawback:

· the reduced granularity causes that some radio blocks are allocated to a certain mobile, but can’t be filled with data

Example 3 – DRX periods (1):

This example shows the DRX periods of an mobile which has an uplink granularity of 2 radio blocks and a downlink granularity of 4 radio blocks. The uplink and downlink granularity is different and the uplink granularity is lower than the downlink granularity. The mobile is granted twice to send two radio blocks and it receives once four radio blocks. 
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This example shows the following:

The uplink granularity of 2 enables the mobile to switch of its receiver when no downlink data has to be received. Comparing this example with a mobile having a granularity of 1 in both directions, this mobile gain  four additional DRX block periods. 

Example 4 – DRX periods (2):

This example shows the DRX periods of an mobile which has a common radio block granularity of 4 radio blocks in both directions, in uplink and in downlink.
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This example shows the following:

From a granularity of 4 in both directions, in uplink and downlink, the mobile gains, in comparison to a mobile with granularity 1, 9(!!!) additional DRX block periods. 

3 Conclusion 

The proposed mechanisms enhance the dynamic USF mechanism and provides advantages for both the mobile and the network. A text proposal for including different USF granularities for up-and down link into the stage 2 description GSM 03.64 can be found in Annex A. 

Annex A

GSM 03.64 v8.5.0

6.6.4.1
Multiplexing MSs on the same PDCH

6.6.4.1.1
Uplink State Flag: Dynamic Allocation

6.6.4.1.1.1
Multiplexing of GPRS or EGPRS MSs

The Uplink State Flag (USF) is used on PDCH to allow multiplexing of Radio blocks from a number of MSs. USF is used in dynamic and extended dynamic medium access modes. USF is used only in downlink direction.

The USF comprises 3 bits at the beginning of each Radio Block that is sent on the downlink. It enables the coding of 8 different USF states which are used to multiplex the uplink traffic.

On PCCCH, one USF value is used to denote PRACH. The other USF values are used to reserve the uplink for different MSs. On PDCHs not carrying PCCCH, the eight USF values are used to reserve the uplink for different MSs. One USF value shall be used to prevent collision on uplink channel, when MS without USF is using uplink channel. The USF points either to the next uplink Radio Block or a sequence of Radio Blocks starting with the next uplink Radio Block.

{****************************************************************************************}

{




no changes here





         }

{****************************************************************************************}

6.6.4.7.2
Dynamic/Extended Dynamic allocation

6.6.4.7.2.1
Uplink Packet Transfer

The Packet Uplink Assignment message includes the list of PDCHs and the corresponding USF value per PDCH. A unique TFI is allocated and is thereafter included in each RLC Data and Control Block related to that Temporary Block Flow. The MS monitors the USFs on the allocated PDCHs and transmits Radio blocks on those which currently bear the USF value reserved for the usage of the MS. When a radio block granularity, larger than one is used, this can be indicated on the BCCH or PBCCH, within the Packet Uplink Assignment message or in the MAC header, the USF value reserves a sequence of radio blocks for the usage of the MS. Moreover, all other MSs allocated to this PDCH do need to monitor the USFs until the end of this radio block sequence.
If the resource assigned by the network in the case of extended dynamic allocation does not allow the multislot MS (see GSM 05.02 [11], annex B) to monitor the USF on all the assigned PDCHs, the following rules shall apply:

-
Whenever the MS receives its USF on one downlink PDCH (e.g. on timeslot 0 while timeslots 0, 2 and 3 were assigned), it shall consider the corresponding uplink block and all subsequent ones from the list of assigned PDCHs as allocated (e.g. on 0, 2 and 3). Hence, if the network allocates a block to this MS on an assigned PDCH, it shall also allocate blocks to this MS on all subsequent PDCHs in the list. For each allocated block, the network shall set the USF to the value reserved for the usage of that MS. These rules apply on a block period basis.

-
During block periods where it is transmitting, the MS shall monitor the USF on each PDCH in the list of assigned PDCHs, up to and including the first PDCH currently used for transmission. This rule applies on a block period basis. For example, if timeslots 0, 2 and 3 have been assigned and blocks are currently allocated on timeslots 2 and 3, then during this block period the MS monitors USF on timeslots 0 and 2. If the reserved value of USF is found on timeslot 0, then the next allocated blocks shall be on timeslots 0, 2 and 3. If the reserved value of USF is found on timeslot 2, then the next allocated blocks shall be on timeslots 2 and 3. And so on for the subsequent block periods. Because each Radio Block includes an identifier (TFI), all received Radio blocks are correctly associated with a particular LLC frame and a particular MS, thus making the protocol highly robust. By altering the state of USF, different PDCHs can be "opened" and "closed" dynamically for certain MSs thus providing a flexible reservation mechanism. Additionally, packets with higher priority and pending control messages can temporarily interrupt a data transmission from one MS.

The channel reservation algorithm can also be implemented on assignment basis. This allows individual MSs to transmit a predetermined amount of time without interruptions.

The MS may be allowed to use the uplink resources as long as there is queued data on the RLC/MAC layer to be sent from the MS. It can comprise a number of LLC frames. In that sense the radio resources are assigned on the initially “unlimited" time basis. Alternatively, the uplink assignment for each assignment may be limited to a number of radio blocks (e.g. in order to offer more fair access to the medium at higher loads).

The selective ARQ operation for the acknowledged RLC/MAC mode is described in Subclause 6.6.4.5. The unacknowledged RLC/MAC mode operation is described in Subclause 6.6.4.6.

Figure 25 shows an example of message sequence for the (multislot) uplink  data transfer  with one resource reallocation and possible RLC Data Block re-transmissions.




Figure 25: An example of dynamic allocation uplink data transfer 
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