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Extended Dynamic Allocation Discussion

Tdoc GP-022528 (GERAN#11) highlighted some problems with the use of extended dynamic allocation, particularly with the case of allocating 4 uplink timeslots.

This paper proposes that the problem needs to be analyzed more closely and that a solution needs to be carefully considered. It then proposes a solution to the problem

1. The problem

3GPP TS 05.02 R99 (45.002 Rel4 and later) defines multislot classes and the constraints that need to be met by each multislot class in terms of maximum number of slots that can be used by an MS operating in each multislot class (Annex B). It also defines minimum adjacent cell measurement and switch-around times that the network must guarantee when considering a configuration of resources for a mobile supporting a particular multislot class (Annex B). Clause 6.4.2.2 also places constraints on when adjacent cell measurements shall be performed. Unfortunately there exist configurations that meet the annex B constraints but cannot meet the clause 6.4.2.2 constraints when using Extended Dynamic Allocation (EDA).

2. Terminology

Before identifying these situations it is important to clarify some terminology. The three terms are timeslot usage, assignment of PDCHs and allocation of PDCHs.

A downlink timeslot is considered to be used by an MS if the MS has to monitor that slot for any purpose (USF monitoring, RLC/MAC data or higher layer data, regardless of whether it has been assigned that downlink resource). An uplink slot is considered to be used by an MS if it has been allocated that slot and therefore has to transmit on that slot.


Assignment of PDCHs is defined in 3GPP TS 04.60/44.060 and is done using Packet Uplink Assignment and Packet Downlink Assignment messages as well as Packet Timeslot Reconfigure Messages. In particular, when using EDA, the assignment of uplink resources defines the PDCHs on which the MS may potentially use the uplink part for transmission of data. Assignments using EDA also require that the MS monitor the downlink part of the assigned PDCHs to be able to determine whether the uplink part may be used. Specifically, TS 04.60/44.060 clause 8.1.1.2.1 states:

“The PACKET UPLINK ASSIGNMENT message allocates to the mobile station a subset of 1 to N PDCHs, where N depends on the MSs multislot class.

The mobile station shall monitor its assigned PDCHs starting with the lowest numbered PDCH, then the next lowest numbered PDCH, etc.”

Hence the assignment of uplink resource does not mean that the uplink resource will be used by the MS but it does require that some downlink resource will be used (ie monitored) by the MS.  

Under the current EDA mechanism, allocation is a dynamic activity that will determine the actual number of timeslots used at any one time, whereas assignment is a fixed state (when considered at the radio block level) that can only be modified through RLC/MAC signaling procedures.

3. The requirements for adjacent cell measurements and transceiver turnaround

A multislot type 1 MS cannot transmit and receive simultaneously. Some turnaround time is required for the transceiver to switch from receiving to transmitting and vice-versa. Some time is also required to perform adjacent cell measurements. In multislot configurations the adjacent cell measurements need to be scheduled in during empty slots. The scheduling of this is specified in 05.02 (R99) clause 6.4.2.2, in the table below.

	Medium access mode
	No of Slots
	Tra
shall apply
	Tta
shall apply
	Note

	Downlink, any mode
	1-6
	Yes
	-
	

	
	7-8
	No
	-
	1,2

	Uplink, Fixed
	1-4
	Yes
	-
	

	
	5-6
	-
	Yes
	3

	
	7-8
	-
	No
	1,2,3

	Uplink, Dynamic
	1-2
	Yes
	-
	

	Uplink, Ext. Dynamic
	1-3
	Yes
	-
	

	Down + up, Fixed
	d+u = 2-5
	Yes
	-
	

	
	d+u = 6
	No
	No
	1,2

	Down + up, Dynamic
	d+u = 2-5
	Yes
	-
	

	Down + up, Ext. Dynamic
	d+u = 2-4
	Yes
	-
	

	
	d+u = 5, d > 1
	Yes
	-
	

	Note 1
Normal measurements are not possible (see 3GPP TS 05.08).

Note 2
Normal BSIC decoding is not possible (see 3GPP TS 05.08).

Note 3
Normal PACCH reception not possible (see 3GPP TS 04.60)


If Tra applies then the measurements are performed after the last transmit or receive slot and before the next receive slot used by the MS. If Tta applies then the measurements are performed after the last  receive or transmit slot and before the next transmit slot used by the MS.

From a MS scheduling point of view it is desirable that the place where measurements are performed (ie whether to use Tra or Tta) does not change on a block-by-block basis (ie it should not change as a result of dynamic allocation changes).

Under the EDA mechanism there are valid multislot configurations that cannot meet the requirements of the last two lines of the table above (highlighted), ie measurements cannot be performed after the last transmit slot and before the next receive slot used by the MS.  These configurations are discussed in the next section.

4. Configurations that cannot meet the Tra requirements (the Tra problem)

As stated earlier and in other papers, there are configuration that are allowed by Annex B of 05.02/45.002 but cannot meet the restriction in clause 6.4.2.2.

The assignment of downlink resources does not necessarily affect the total number of timeslots that are used when the number of uplink slots (u) assigned is greater than the number of downlink slots (d) assigned. In fact, the assignment of downlink resources when u>d has no impact on whether clause 6.4.2.2 restrictions can be met when using EDA because as described previously the MS has to monitor the associated downlink slots anyway and the time between the last uplink slot used and the first downlink slot used in the next frame will be the same (in steady state) regardless of the number of downlink slots assigned. Therefore we only need consider the number of assigned uplink timeslots.

The specific situations that cannot meet the Tra requirement in 6.4.2.2 are:

· Multislot class 7: 3 uplink slots assigned (Tra = 3)

· Multislot class 11: 3 uplink slots assigned (Tra = 3)

· Multislot class 12: 4 uplink slots assigned  (Tra = 2)

The relevant entries from 05.02 annex B are shown below:

	Multislot class
	Maximum number of slots
	Minimum number of slots
	Type

	
	Rx
	Tx
	Sum
	Tta
	Ttb
	Tra
	Trb
	

	7
	3
	3
	4
	3
	1
	3
	1
	1

	11
	4
	3
	5
	3
	1
	2
	1
	1

	12
	4
	4
	5
	2
	1
	2
	1
	1


The “Sum” column shows the maximum number of slots that can be used by the MS and still allow time for measurements and turnaround (regardless of specific assignments or allocations).

Consider the case where 4 uplink slots are assigned for a multislot class 12 MS. The diagram below shows timeslot usage for the different possible allocations, in the steady state. Note the terminology “RxTy” indicates the number of receive and transmit timeslots used. It doesn’t indicate the number of slots assigned nor allocated. The grey slots are used by the MS. The hashed slots contain the USF for the MS.  The crossed circles show invalid configurations according to the current specs.
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Figure 1. Multislot class 12 with 4 uplink timeslots assigned: Possible slot allocations.

In all but the first case the requirement to use Tra cannot be met. However Tta could be used in any of these cases. Note the sum of assigned uplink slots and Tra equals 6.

It may be noted that in the above diagram the case R4T0 allows Tra to be used. However, as stated earlier it is preferable from an MS scheduling point of view to determine where to perform adjacent cell measurements at assignment rather than dynamically at each allocation.

Any other assignment of uplink slots that meet the multislot class 12 requirements can be arranged to meet the Tra requirement. 

A similar situation exists with multislot classes 7 and 11. We can generalize to state that:

If (number of assigned uplink PDCHs) + Tra > 5 then the Tra constraint cannot be met. 

This observation can be used as the basis of a general solution to the problem, namely:

If (number of assigned uplink PDCHs) + Tra > 5 then use Tta else use Tra

The diagrams below show that the proposed solutions work for all allocations, both in the steady state and during valid allocation transition.  


[image: image2.wmf]R4T0

R4T1

R3T2

R2T3

R1T4

Tta

Trb

Tta

Tta

Tta

Trb

Trb

Trb


Figure 2. Multislot class 12, 4 uplink slots assigned. Steady state
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Figure 3. Multislot class 12, 4 uplink slots assigned. Allocation transitions
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Figure 4. Multislot class 12, 4 uplink slots assigned. Allocation transitions (cont)

5. Impact on earlier releases

The table in 05.02 clause 6.4.2.2 defining Tra or Tta usage based on MAC mode and slots used does not exist in Release 97. The statement in Release 97 is as follows:

“For a multislot class 1 to 12 MS for a packet switched connection, Tra (see appendix B) shall always apply.“

As far as the situations discussed in this paper are concerned, the impact of this statement is the same as the table in R99. Therefore R97 also precludes the configurations identified in this paper. A change to R99 will therefore not be backward compatible with R97. However, there are no foreseen interoperability problems. If a R97 class 12 mobile receives an assignment of resources that it can’t handle due to the Tra problem a mechanism exists for the MS to reject that assignment. Clearly such a mobile would never request such resources. 

Note that existing correct implementations use Tra for all those allocations which they can support, and this proposal does not affect this. It simply makes possible the allocations which could not be supported due to the problem identified in the existing standards.

6. Conclusions

This paper analyses the use of extended dynamic allocation and highlights that some  timeslot configurations cannot be used because adjacent cell measurements could not be performed in the mandated location. This paper believes that this is an error and proposes a fix for that error based on the criterion:

If (number of assigned uplink PDCHs) + Tra > 5 then use Tta else use Tra
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