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1. Introduction

There are a number of allocation schemes defined for GPRS, including fixed allocation, dynamic allocation (DA) and extended dynamic allocation (EDA). Of these EDA is the most capable since it permits the network to vary the weighting between transmit/receive slots from maximum downlink weighting to maximum uplink weighting. The other dynamic allocation scheme, namely DA, requires the mobile to monitor at least as many downlink slots as it transmits on the uplink, so using DA it cannot transmit more uplink slots than it can monitor downlink slots, even though the mobile may have hardware capable of such behaviour. The method of allocating uplink resources in EDA is explained in TS 3GPP 44.060 section 8.1.1.2.1.

The example below ( Figure 1) illustrates that sometimes EDA is inefficient at sharing uplink resources between mobiles. In this illustration the network needs to share allocated slots between two class 12 mobiles, MS1 and MS2, both of which are capable of using up to 4 slots in the downlink or uplink (the example applies equally to both downlink and uplink). Also, for purposes of illustration, we have assumed that only slots 0-5 are available for allocation (so we assume that slots 6 and 7 are being used for other mobiles).

There is a limitation of EDA that limits its efficiency when sharing resources between different mobiles. The limitation is that dynamic allocation can only grow “backwards”, i.e. if the potentially transmitted slots are in the range [N, M], where 0( N(  M( 7, then for slot k (N ( k ( M)  to be transmitted, all higher numbered slots (i.e. slots k+1, k+2,…  M) must also be transmitted.

In the example, when using EDA, a ‘fair’ allocation might be to give MS2 an allocation starting at slot 0, and MS1 an allocation starting at slot 2. This is shown in the top illustration in Figure 1. With such an allocation it is certain the MS2 can transmit at least 2 timeslots without blocking or being blocked by MS1. Also, both MS’s can potentially transmit 4 slots, which is their maximum capability since they are multislot class 12 mobiles. But note that if MS2 transmits even one slot, then MS1 cannot transmit more then 2 slots without mutual blocking; this is an inefficiency of EDA.

In the second part of the illustration the new concept is shown, Back to Back Dynamic Allocation (B2DA). The new approach is that allocation can proceed in an upward direction for some mobiles, but continue in the downward direction for other mobiles as in the existing standards. 

It is easily seen that using this approach the likelihood of one mobile blocking the transmissions of the other is reduced; indeed in the example shown, provided both mobiles have three or less slots allocated they cannot block each other. However the number of timeslots required has not been increased; all that is done is to use them more efficiently.
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Figure 1: Advantage of B2DA operation

Clearly if this were adopted by the 3GPP standards a number of other issues would need to be addressed, for example mapping of USF to allocated timeslots (analogous to Special Extended Dynamic Allocation) and compatibility issues.

1.1 Benefits of the Solution

The proposed improvement will increase the statistical multiplexing efficiency of resource allocation on both the uplink and downlink during bursty packet data flows. It therefore constitutes a potential improvement to the 3GPP GPRS standards, enabling more efficient use of spectrum resources.

The benefit is likely to be greatest when a number of mobiles potentially have simultaneous requirements for dynamically allocated uplink resources, and uplink resources are limited due to the volume of traffic. An example situation might be if two mobiles are simultaneously requesting a web page download, or simultaneously servicing requests for data upload.

1.2 Details of Allocation Rule

For B2DA a new rule of allocation and USF monitoring is proposed as follows which is illustrated below:

“The mobile station shall monitor PDCHs starting with the lowest numbered assigned PDCH, then the preceding numbered PDCH, counting cyclically modulo 8 and so on  in the order of decreasing numbered PDCH (counting cyclically modulo 8). If the mobile station detects an assigned USF value for an assigned PDCH on the i’th  PDCH so  monitored (i=1,2…), the mobile station shall transmit RLC/MAC blocks on all assigned PDCHs apart from the i-1  highest numbered assigned PDCHs. The mobile need not monitor USF on the hightest Trb numbered PDCHs”

Note 1: the PDCHs monitored for USF according to this rule are not in general assigned (apart from the 1st such PDCH).

Note 2: “counting cyclically modulo 8” implies that 0 is the preceding number of 1, 1 is the preceding number of 2, and so on  until 7 which precedes 0.

Note 3: to allow frequency hopping between TDMA frames, the last Trb PDCHs are not monitored for USF.

In the illustration below, 4 uplink PDCHs are assigned, from slot 0 to slot 3. Therefore in this example the ‘lowest numbered assigned PDCH’ is 0 and the highest numbered assigned PDCH is 3. Starting from PDCH 0, the preceding PDCHs (counting cyclically modulo 8) are 7, then 6, then 5 etc. Note that the USF cannot occur on slot 7 since in the case of freuqency hopping the receiver must be allowed a time Trb to re-tune.
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Figure 2: Illustration of B2DA allocation.

1.3 Co-existence with existing allocation schemes

In order that uplink resources can be allocated using dynamic allocation via the USF, two conditions must apply:

· the uplink resources are not also used by another mobile (since only one mobile can transmit on a given slot)

·  the downlink slot on which the USF requires to be transmitted, in order to allocate the desired uplink resources, is not required to transmit the USF for another mobile (since only one USF value is transmitted per downlink slot).

In the following it is shown that B2DA and EDA can co-exist and produce performance gains compared with homogenous allocations just using EDA, although some combinations are shown not to be possible. In fact, the following combinations are possible, by combining EDA and B2DA:

Table 1: showing permissible combinations of tx slots when two mobiles co-exist, “mobile 1” using EDA and “mobile 2” using B2DA

	Number of

tx slots for 

mobile 1

(EDA)

No.

of tx slots for

mobile 2 

(B2DA)


	0
	1
	2
	3
	4

	0
	yes
	yes
	yes
	yes
	yes

	1
	yes
	no

	yes
	yes
	yes

	2
	yes
	yes
	yes
	yes
	yes

	3
	no

	no2
	no2
	no2
	no2

	4
	yes
	yes
	yes
	no

	no3


Note that very efficient uplink allocation is possible: specifically either one of them can transmit 4 slots, while the other is still able to transmits 2 slots. This is not possible in the EDA example allocating the same number of timeslots.

However, if EDA can only be combined with EDA, then only the following combinations are possible. As can be seen, if mobile 1 transmits 3 or more slots, mobile 2 cannot transmit any slots, and if mobile 2 transmits any slot, mobile 1 cannot transmit more than 2 slots.

Table 2: permissible combinations of tx slots when two mobiles co-exist, “mobile 1” using EDA and “mobile 2” using EDA

	Number of

tx slots for 

mobile 1

(EDA)

No.

of tx slots for

mobile 2 

(EDA)


	0
	1
	2
	3
	4

	0
	yes
	yes
	yes
	yes
	yes

	1
	yes
	yes
	yes
	no

	no4

	2
	yes
	yes
	yes
	no4
	no4

	3
	yes
	yes
	yes
	no4
	no4

	4
	yes
	yes
	yes
	no4
	no4


In conclusion, by suitable combinations with EDA, the use of B2DA can provide superior sharing of the uplink than can be achieved with homogeneous EDA allocation schemes. The following figures  shown detailed examples of the situation described above, where two mobiles are sharing slots 2 & 3 with timeslots 0, 1, 4 and 5 assigned to mobile 1 or mobile 2. 

1.4 Illustrations of mixed EDA, B2DA allocations 

The following figures illustrate the configurations where EDA and B2DA are combined:
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Figure 3: Mixed allocation, Mobile 1 transmits 1 slot
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Figure 4: Mixed allocation, Mobile 1 transmits 2 slots
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Figure 5: Mixed allocation, Mobile 1 transmits 3 slots
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Figure 6: Mixed allocation, Mobile 1 transmits 4 slots

1.5 Illustrations of homogeneous EDA  allocations 

The following figures illustrate the allocations where EDA and EDA are combined between 2 mobiles:
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Figure 7: Homogeneous allocation, Mobile 1 transmits 1 slot
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Figure 8: Homogeneous allocation, Mobile 1 transmits 2 slots
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Figure 9: Homogeneous allocation, Mobile 1 transmits 3 slots

2 Modelling Assumptions and Requirements

The proposal is likely to be beneficial when a number of users are employing data oriented services based on GPRS.

In order to quantify the benefits of the proposal the following modelling assumptions require to be specified:

· Modelling assumptions of traffic activity factors for uplink 
data services over GPRS. Note that detailed assumptions for uplink data traffic model parameters can be found in ref [1].

3 Performance Characterisation

TBD.

4 Impacts on the Mobile Station

Legacy mobiles are unaffected.

Implementation complexity in the RF transceiver of new mobiles is relatively low and is comparable with extended dynamic allocation since the Tta, Trb, Rx, Tx and Sum limitations for the multislot classes as defined in TS 45.002 are adhered to. In the examples above, for a multislot class 12 mobile the Tx phase and the Rx phase span no more the Tx or Rx slots, and the defined values of Tta and Trb are used, therefore the examples are within the capability of the transceiver of a multislot class 12 mobile.
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Figure 10: Transceiver scheduling and USF decode delay

There is however timing impact on the baseband scheduling of Rx and Tx, which is illustrated in Figure 10. As shown in the figure, which illustrates the last TDMA frame of radio block N and the first TDMA frame of radio block N+1, although the Trb and Tta parameters are respected, the mobile station is obliged to schedule a Rx phase (i.e. receipt of a contiguous set of timeslots) with the following properties:

· Each Rx phase contains slots from TDMA frame N and N+1, i.e. the Rx phase spans the TDMA boundary. This may impact existing scheduling assumptions in some implementation designs and feasibility needs to be considered.

· Since the Rx phase spans a TDMA frame boundary, the period Trb is scheduled to re-tune the Rx frequency during this Rx phase.

· The USF can appear at the end of the TDMA frame, i.e. after the Tx phase, therefore the worst case USF decode delay time from the last slot containing a USF in a radio block to the first transmitted timeslot in next radio block is reduced; for the example in  the reduction in the case of a multislot class 12 mobile is from 10 slots to 4 slots, i.e. the mobile has 4 slots minimum in which to decode the USF and be ready to transmit rather then 10 timeslots at present with EDA. Therefore, in this example, a class 12 MS must be able to decode USF and control transmission within 3 timeslot periods. This may impact on the decoder requirements.

A new mobile with a legacy base station could not use this technique since the base station would not implement B2DA. A new mobile must indicate its support of the technique to the network which could then use it if required.

5 Impacts on the Base Station Subsystem

Implementation complexity is comparable to EDA.

A base station must indicate that it supports this new feature so that new mobiles supporting the feature can use it.

6 Impacts on the Core Network

Minor mobile capability signalling changes.

7 Impacts on the Specification

Principal areas of change to:

· 3GPP TS 44.060 

· 3GPP TS 45.002.

Possibly other minor changes to signal network capability to mobile and visa versa (TBA).

8 Conclusion

In the light of the above, it is proposed that the outlined technical enhancement be added to the GERAN evolution technical report, ref [2].
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� In this case only one MS can transmit due to single downlink timeslot for USF.


� This B2DA configuration not feasible


� In this case uplink slot 3 required by both MS1 and MS2





� In this case uplink slot 3 required by both MS1 and MS2
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