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1  Introduction

The multiplexing mechanisms on uplink and on downlink shared PDCH defined in GPRS recommendations are very MS power consuming. These mechanisms tend also to increase the downlink transmit power level in the cell and therefore to increase the interference power level in the neighbour cells. 

This paper is intended to propose several solutions in order to reduce the power consumption of the mobile stations in downlink for shared MAC mode and to reduce the produced interference power level.

These solutions are the following :
· to extend the use of fixed allocation on the downlink (discussed in [2])

· to restrict the freedom of the scheduler (downlink and uplink) in the dynamic allocation scheme and to introduce uplink and downlink radio block granularities of 1,2 and 4.

· to use the predictable allocation scheme presented in [2] in the dynamic allocation scheme

Resource sharing between GPRS and EGPRS on a single timeslot is supported. The proposed methods are fully compatible with the existing pre-R00 MS.

2 The downlink fixed allocation scheme

2.1 Definition

The current downlink allocation is costly in term of autonomy for the mobile, because it has to decode all the blocks on the downlink channel, even the blocks addressed to other mobiles. The energy loss is important because the TFI decoding is performed very late in the reception processing chain (sometimes only in upper layers).

The situation is worst with a multislot mobile because the network is allowed to allocate several time-slots for downlink packet transfer. In this case, the mobile shall monitor continuously the downlink resources on all the downlink time-slots allocated.

In some configurations, the throughput required for a certain mobile will be extremely low, so the loss of energy will be very important.

This proposal takes back the same mechanism of fixed allocation already defined for uplink packet transfer. On uplink side several mobiles may be multiplexed on the same uplink resource (PDCH/U). For mobile multiplexing on uplink, the network can use a fixed allocation given to the mobile in an assignment message. 
At the establishment of a downlink packet transfer establishment, the network gives a fixed allocation to the MS in a downlink assignment message. This fixed allocation gives a description of the time-slots and the blocks in which the network sends blocks addressed to the mobile. With this fixed allocation, the MS can optimise its autonomy (it does not decode the blocks addressed to other MS).

2.2 Change proposal in 04.60

If the medium access method is fixed allocation, then DOWNLINK_ALLOCATION_BITMAP shall be present in the downlink assignment message.

A downlink fixed allocation TBF always operates as a downlink open-ended TBF. A downlink open-ended TBF means that an arbitrary number of octets will be transfered on downlink TBF. For each downlink fixed allocation, the mobile station is required to receive during the corresponding downlink radio block or radio block period for downlink TBF. The network gives to the mobile station a new downlink fixed allocation if the number of octets hasn’t been transferred completely at the end of the current downlink fixed allocation. When the network gives the last downlink fixed allocation to the mobile, the network sets DOWNLINK_FINAL_ALLOCATION indication in a fixed downlink assignment message.

The PACKET DOWNLINK ASSIGNMENT or PACKET TIMESLOT RECONFIGURE message contains a Downlink Fixed Allocation struct when signalling a downlink fixed allocation.

The TIMESLOT_ALLOCATION shall assign from 1 to 8 PDCHs to the downlink fixed allocation. The multislot restrictions of the mobile station shall be observed.

If the DOWNLINK_BLOCKS_OR_BLOCK_PERIODS field indicates blocks, then the bits in the DOWNLINK_ALLOCATION_BITMAP correspond to radio blocks. Bits are included in the bitmap only for radio blocks on assigned PDCHs. Each bit in the bitmap indicates whether the corresponding radio block is assigned to the downlink fixed allocation. The mobile station shall receive an RLC/MAC block in each radio block assigned by the DOWNLINK_ALLOCATION_BITMAP. If the number of bits in the DOWNLINK_ALLOCATION_BITMAP is not an integral multiple of the number of timeslots assigned in the TIMESLOT_ALLOCATION field, then the mobile station shall add to the end of the bitmap (bit number indexes < 0, see section 12.4) the minimum number of bits needed to form an integral multiple of the number of assigned timeslots, with the value set to '0'.

If the DOWNLINK_BLOCKS_OR_BLOCK_PERIODS field indicates block periods, then the bits in the bitmap indicate which block periods are assigned to the allocation. The mobile station shall receive an RLC/MAC block on each timeslot assigned in the TIMESLOT_ALLOCATION field in each block period assigned to the allocation.

The DOWNLINK_ALLOCATION_BITMAP_LENGTH field, if present, indicates the length of the DOWNLINK_ALLOCATION_BITMAP field. If not present, the DOWNLINK_ALLOCATION_BITMAP continues until the end of the message.

3 Dynamic and extended dynamic allocation schemes

3.1 The current situation

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 each mobile 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 to restrict the freedom of the scheduler (downlink and uplink) and to introduce uplink and downlink radio block granularities of 1,2,4. The proposed mechanisms are applicable for the extended dynamic allocation mode as well as for the dynamic allocation mode in R’00. 

There are two different granularities in the uplink, 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 each a granularity of 1 or 4. A  mobile having a TBF allocated in the UL  has to decode the complete downlink radio block stream on this PDCH  to check each radio block for its USF on one hand and on the other hand for its [TFI(UL) + (D bit = UL)] in the RLC/MAC header identifying a signalling message on the PACCH addressed to it. In the case of a TBF allocated on multiple PDCH however only one PDCH has to be monitored for PACCH.

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 a mobile having a TBF allocated in the DL  has to decode the complete downlink radio block stream on this PDCH and to check each radio block for its TFI + D bit = DL in the RLC/MAC header identifying a data block on the PDTCH or a signalling message on the PACCH addressed to it. In the case of a TBF allocated on multiple PDCH however only one PDCH has to be monitored for PACCH blocks, but the costs for decoding remain quite the same.

A mobile having a TBF allocated in the DL and a TBF allocated in the UL has to decode the complete downlink radio block stream on this PDCH and to check each radio block for its USF, its [TFI(DL) + (D bit = DL)] and its [TFI(UL) + (D bit = UL)] in the RLC/MAC header identifying a data block on the PDTCH DL or a signalling message on the PACCH(UL or DL) addressed to it. In the case of a TBF allocated on multiple PDCH the same remarks as above apply.
Generally, each mobile allocated to the PDCH (UL or DL)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.

Another drawback is that the transmit power of each DL radio block has to be set at the higher power necessary to transmit to both MSs the one receiving the USF and the other one receiving the DL radio block transmitted on the PDTCH or the PACCH. This increase the interference level in the neighbouring  cells. In the case of SDMA each radio block has to be sent on 2 beams to the 2 mobiles, increasing also the interference level in the neighbouring  cells. 

3.2 Constrained scheduling method

3.2.1 New Definition of the UL and DL granularity

The general multiframe structure of a PDCH is shown below:






Uplink granularities of n (n = 1, 2, 4) mean that  only the  downlink radio blocks with the numbers B modulo n with B= 0, 1,....11 have to be decoded by a mobile to receive the USF. I.e. for a mobile assigned to a 4 radio block uplink granularity only the blocks B0, B4, B8 grants uplink capacity by an USF, the other three blocks do not (see example 1). If Bp is the radio block containing the USF then the granted uplink  radio blocks  are Bp+1, ......, Bp+n.

In the following figures each  radio block is represented in the downlink by 3 parts: in the middle the USF, on both sides the payload. In the uplink  a radio block is represented by a unique rectangle, since the complete block has homogeneous characteristics and is addressed to one BSS only.

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. An uplink granularity of 4 means that the USF, which allows a transmission of four consecutive radio blocks can only be sent 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:

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

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

Downlink granularities of n radio blocks mean that only the downlink radio blocks with the numbers 52 modulo n = 0  have to be decoded by a mobile to check if the downlink TFI of the data block matches with  its own TFI. I.e.  for a mobile assigned to a 4 radio block downlink granularity only the blocks B0, B4, B8 are decoded to check if the mobile gets data. If it is not the case, the other three blocks are not needed to be checked (see example 2). If the block Bp contains the searched TFI, then the DL radio blocks Bp+1, ...., Bp+n-1 will also be checked for this TFI to ensure that these blocks are also part of the same TBF.

Example 2 – downlink granularity:

This example shows three mobiles with different downlink granularities. Two of them (MS1 and MS2) have a 4 downlink radio block granularity, the third one (MS3) 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 TFI1 in B0 indicates for mobile 1 data blocks B0,B1,B2 and B3. For mobile 2 the TFI2 in B4 indicates data in B4,B5,B6 and B7. For mobile 3 there are two TFI3s in B8 and B10 indicating data in B8,B9 and B10,B11.
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This example shows:

· 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 be checked. A mobile with an downlink granularity of 1 has to decode each downlink radio block.

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

3.2.2 Scheduling on PDCH with predefined granularity

A first possible implementation to exploit the new granularity concept is to assign to a PDCH a certain granularity, i.e. all MS allocated on this channel take over the granularity of this PDCH. In the case of a multiple allocation all the PDCH assigned should have the sae predefined granularity.
This method has the following advantages:

· The scheduling on this channel is very easy, it has to be recomputed only at the frequency of the predefined granularity.

· The granularity may be broadcast e. g. on the PBCCH, saving signalling capacity

· DRX is very easy to realise in the MS.

· The transmit power is easily optimised, only each nth DL data block has possibly to be sent with an higher power

· If smart antennas are used only each nth DL data block has possibly to be sent on two beams, optimising the system interference level. 

The main disadvantage of this method is its rigidity:

· Even if only one block has to be sent (on DL or UL) n radio blocks are always reserved.

· The pool of  active TBF´s has to be split on several radio resources, leading to a loss of trunking efficiency.

· Broadcasting the granularity on the PBCCH consumes scarce PBCCH capacity.

· Changing the granularity of a PDCH to follow the demand is a slow operation due to the less throughput of the PBCCH

· The extended resource allocation for  an asymmetric assignment of resources in UL and DL becomes quite complicated

· The assignment of a TBF on several PDCH is not easy (need for contiguous PDCH with the same granularity)
These disadvantages can be overcome with the  method described in the following section 3.2.3.

3.2.3 Scheduling on PDCH with flexible granularity

The up- and downlink granularities are signalled for each TBF to the MS by help of the PACKET_UPLINK_ASSIGNMEMT and PACKET_DOWNLINK_ASSIGNMENT messages. This method allows to mix on the same PDCH TBFs with different granularities. A short comparison with the former method shows:

· The complexity and the gain of the DRX in the MS remain the same. 

· In comparison to the former method the channel may be better used: If e.g. only one block is required from a TBF with a granularity of 4 the network is able to schedule another TBF with a lower granularity in the unused blocks

· The transmit power in the DL remains optimised, only a fraction of the transmitted blocks requires an higher power. In the case all TBFs allocated on the PDCH have the same granularity the power gain remains the same

· The same reasoning is valid for system interference level gain when smart antennas are used.

· Only a few bits are necessary in the PACKET_UPLINK_ASSIGNMEMT and PACKET_DOWNLINK_ASSIGNMENT messages where capacity is still available, saving PBCCH capacity

· The method does not restrict the extended resource allocation for asymmetric assignment in any manner.

· No split of  the pool of  active TBF´s, no loss of trunking efficiency.

The gain of the flexible allocation is shown in the following examples

Example 3 – uplink granularity:

This example shows three mobiles, two of them (MS1 and MS2) have a 4 radio block uplink granularity, the third one has an uplink granularity of 2.

An uplink granularity of 4 for MS 1 means that the USF1, which allows a transmission of four consecutive radio blocks can only be sent in downlink radio blocks B0,B4 or B8. However for compatibility reasons the same USF1 will be repeated in B1, B2, B3 to inform other MSs operating on this PDCH that MS1 is sending in the UL blocks B2, B3, B4. It should be noted however that the transmit power in he DL blocks B1, B2, B3 can be chosen considering only the downlink transmission of the data part of the radio block, since the USF1 in the DL block B0 has already assigned the 4 UL blocks B1, ... , B4 and MS1 does not need to look at the USF1 in the DL blocks B1, B2, B3. This is indicated with the light green colour in the figure 3. 

USF2 in downlink B4 grants 4 blocks B5, ..., B8 to MS2. However if the BSS knows that MS2 has only 2 blocks to send, it can overwrite the USF2 with USF3 in downlink B6 (and B7) to grant uplink B7 and B8 to MS3.

In B8 (B9) and B10 (B11) there are two USF for mobile granting B9,B10 and B11,B0 to MS3.
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Example 4 – downlink granularity:

This example shows three mobiles with different downlink granularities. Two of them (MS1 and MS2) have a 4 downlink radio block granularity, the third one (MS3) has a granularity of 2.

A downlink granularity of 4 means that only the downlink radio blocks B0, B4, B8 have to be decoded by the mobile to check if the downlink TFI of the data block matches with  its own TFI. If it is not the case, the other three blocks are not needed to be check. If one of these blocks contains the searched TFI, then the 3 following data blocks will also be checked for this TFI to ensure that these blocks are also part of the same TBF. In example 4 TFI in B4 is checked by MS2 which reads B4, B5, B6. However since the network has only 2 DL blocks to transmit to MS2 it sets TF3 in B6. Since MS3 has a granularity of 2 it reads TF3 in DL B6 and gets B6 and B7. The two TFI3s in B8 (and B9) and B10 (and B11) indicate data in B8,B9 and B10,B11.
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Example 5 – 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 6 – 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, 6 additional DRX block periods. If The DL radio blocks B4...B7 are not addressed to MS2 the gain is 9(!!)additional DRX block periods

3.2.4 Compatibility with pre-R00 MS

As it is described above the new behaviour of the system is fully compatible with the pre-R00 MSs, since it does not redefine fields used by the old MSs. Of course these MSs cannot take benefit of the new scheduling, but moreover these MSs have vocation to be scheduled in the gaps which could result from the more restrictive scheduling.

3.2.5 Cost of these enhancements

The up- and downlink granularities are signalled to the MS by help of PACKET_UPLINK_ASSIGNMENT and PACKET_DOWNLINK_ASSIGNMENT messages.

In the PACKET_UPLINK_ASSIGNMENT message one bit is necessary to indicate the extension of the uplink granularity range. This bit may be used to indicate the constrained scheduling too, since it is assumed that the extension of the uplink granularity range makes only sense in this case. The coding scheme looks like as follows:

Granularity (1 bit already defined in 04.60)
Constrained scheduling

(1 bit new)
meaning

0
0
Granularity 1 (constrained or not constrained, compatible to R99)

1
0
Granularity 4 not constrained (compatible to R99)

0
1
Granularity 2 constrained (R00 only)

1
1
Granularity 4 constrained (R00 only)

In the PACKET_DOWNLINK_ASSIGNMENT message two bits are necessary to code the 3 downlink granularity values as follow:

Granularity low

(1 bit new)
Constrained scheduling

(1 bit new)
meaning

0
0
Granularity 1 (constrained or not constrained, compatible to R99)

1
0
free

0
1
Granularity 2 constrained (R00 only)

1
1
Granularity 4 constrained (R00 only)

3.3 Predictable allocation

3.3.1 Principle

In the dynamic allocation scheme a new mechanism to multiplex several mobiles on PDCH is proposed in order to provide a mean for the MS to know in advance as far as possible the next  block addressed to it in downlink.

For this purpose, the mobile station allocated time slots in downlink follows the 2 steps described below (see figure on the following page) :

· First step : the mobile station receives all the downlink blocks of its assigned downlink time slots, until one received block is addressed to it (i.e. TFI valid for that particular mobile). In this first block addressed to the mobile, the field RRBP (or another new field) is used to know when the next block addressed to that mobile will be sent by the network.

· Reception of following blocks : the MS is not required to listen all the downlink blocks because it knows, for each of its assigned downlink PDCH, which block will be addressed to it with the RRBP field. The same mechanism is then used for all the following blocks.

This new multiplexing mechanism allows to reduce the MS consumption, because it will not have to decode all the blocks that are not addressed to it.

For instance, the RRBP field can be used for this purpose. If the ES/P bit is set to 00, then the RRBP is not valid. In that case, it can be used to notify in which following block the mobile will find data addressed to it. For instance, the four possible values of RRBP can be coded as follow :

· 00 : the following block (block number Bn) of the same PDCH will be addressed to the mobile

· 01 : block number Bn+1 of the same PDCH will be addressed to the mobile

· 10 : block number Bn+2 f the same PDCH will be addressed to the mobile

· 11 : block number Bn+3 f the same PDCH will be addressed to the mobile

If the network is not able to allow a block to the mobile station within the 4 following blocks, it may code the RRBP as 11. The mobile will then go back to step 1 at the block number Bn+3.

If the ES/P field is not set to 00, the RRBP field cannot be used as it is described above. In such case, the MS shall go back to the step 1 at the following receive block.



3.3.2 Amelioration: Scheduling with flexible granularity and predictable allocation

The predictable allocation method can be advantageously combined with the constrained scheduling method to ameliorate the DRX period of the MS in case of DL TBFs. 

There are at least 2 possibilities to use such a field, depending of the main goal of their usage:

1. The RRBP field (or another new field) is used to address the next DL block group (in the sense of the granularity) which will be sent to the MS. If this RRBP coding was received in the block Bn and the TBF has a granularity Gr the next block number to check is then: B = (Bn modulo Gr) + (RRBP * Gr). If the MS does not receive this block it falls back in the behaviour described under 2.2.3.

This method ameliorates the DRX behaviour of the own MS. It is  suitable for smart antennas.

2. The RRBP field (or another new field) is used to indicate how many consecutive block groups (in the sense of the granularity) are still scheduled for  the MS. The goal is to ameliorate DRX behaviour of the other MSs allocated on the same PDCH. However in the general case the other MSs do not know the granularity of the addressed MS, but they can always take Gr=1 as default value. If this RRBP coding was received in the block Bn the next block number to check is then: B = Bn + RRBP +1. If for some reasons the MS knows the granularity Gr of the operating TBFs the next block number to check is then: B = (Bn modulo Gr) + (RRBP * Gr) + 1. This method aims to ameliorate the DRX behaviour of MSs with low granularity. It should be noted that it is not suitable for the use of smart antennas since the beam forming prevents the reception  of the information by other MSs not located in the same beam.

3. Since the efficiency of the method 2 depends on the transmit power of the block containing the RRBP information method 2 could be employed in the even blocks which have more vocation to transmit an USF (see 2.2.1) and therefore to be transmitted with more power, and method 1 in the odd blocks.

4. Of course the definition of additional fields in the header can improve the behaviour of the system.

3.3.3 Cost of this enhancement

As shown above the enhancements for the predictable allocation may reuse unused values in predefined fields and are therefore quasi for free.

4 Conclusion 

The proposed mechanisms show that with simple means the power consumption in the MS and the interference level in the network may be decreased.  The proposal is fully compatible with pre-R00 access scheme, and optimised to minimise the costs in terms of signalling. It is believed that such mechanisms can support efficiently the dynamic allocation on PDCH when the life time of the TBF increases, as it is proposed for examle in [3].

Therefore it is proposed to:

1. introduce the above fixed allocation scheme described in chapter 2
2. introduce the constrained dynamic scheduling described in chapter 3.2.3

 REF _Ref495402743 \r \h 
3.2
3. introduce the dynamic predictable allocation described in chapter 3.3.2
for GERAN R00.

 Detailed CRs will be provided as soon as an agreement on the principles is reached.
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