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Improvements to Extended Dynamic Allocation for higher multislot classes

At GERAN#14 there was some discussion on problems with the allocation of 4 uplink slots for multislot class 12 when using Extended Dynamic Allocation (EDA) - see GP-030687 (Ericsson), GP-030612 (Siemens) and GP-030897 (Panasonic). This issue is nearly resolved, however there are other problems with 5 and 6 uplink slots when using EDA in higher multislot classes.

This paper analyzes the problems and proposes a simple solution.

1. The problem

At the moment there are several multislot classes that cannot be supported fully with EDA. These are 34, 39 and 45 (Class 7 is also a problem, however this less important).

The problem is that the maximum number of uplink slots in these classes cannot be supported using EDA because of the requirement to send the USF on the downlink TN corresponding to the first allocated uplink TN. In these configurations there is not enough turnaround time between the last uplink TS and the downlink TS containing the USF in the next frame. These classes are shown below.

	Multislot class
	Maximum number of slots
	Minimum number of slots

	
	Rx
	Tx
	Sum
	Tta
	Ttb
	Tra
	Trb

	7
	3
	3
	4
	3
	1
	3
	1

	34
	5
	5
	6
	2
	1
	1
	1

	39
	5
	5
	6
	2
	1
	1+to
	1

	45
	6
	6
	7
	1
	1
	1
	to


We believe that with the removal of Fixed Allocation it is essential that EDA can support the full range of up and downlink timeslots for all applicable classes (classes 1-12 and 30 to 45).

2. Reasons for finding a solution

Since the removal of Fixed Allocation there is no way to support 6 uplink slots unless we solve this problem for EDA. 

Also if the solution can be used for classes 34 and 39 an MS will be able to support 5 uplink slots sooner and more cost effectively. Without a solution only classes 44 and 45 can be used for 5 uplink slots, and to support these classes an MS must be able to turn around in 31 symbol periods. Classes 34 and 39 allow a turnaround of at least one frame.  

3. Proposed solution: The shifted USF mechanism

The solution we propose requires the TN of the downlink USF to be offset from the TN of the first UL slot to which it refers.

Consider a Class 34 MS (Tra=Trb=Ttb=1, Tta=2). In theory one DL and 5 UL slots should be supportable. However under the current rules no valid configuration exists that will allow steady state operation:
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But if we allow the USF on DL TN#1 to indicate that the MS can use UL slots starting from UL TN#0 then a configuration exists:
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The mobile is assigned slots in the usual way, through the use of USF_TN0…USF_TN7 Information Elements in Packet Uplink Assignment and Packet Timeslot Reconfigure messages. However the network will send the USF for both the first and second assigned timeslots on the downlink PDCH associated with the second assigned timeslot. For example, assume a class 34 MS is assigned 5 uplink slots (TN0 – TN4) as in the above example. If the network wants to allocate 5 uplink slots to the MS it will send USF_TN0 on timeslot 1. If the network wants to allocate 4 uplink slots to the MS it will send USF_TN1 on timeslot 1. For this to work obviously USF_TN0 cannot equal USF_TN1.  

No extra information elements are required to indicate when the Shifted USF mechanism is to be used, as it will be implicit in the timeslot allocations depending on the MS multislot class, i.e: 

The Shifted USF mechanism shall apply only:

when a Class 7 MS is assigned 3 UL timeslots

when a Class 34 or 39 MS is assigned 5 UL timeslots

when a Class 45 MS is assigned 6 UL timeslots

In these situations the network shall send the USF for the first and second uplink slots on the downlink of the second PDCH, and the MS shall look for both the first and second USFs on this slot.

Each of these situations is illustrated below in the steady state.

Class 7 MS assigned 3 Uplink slots.

3 Uplink slots allocated:
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2 Uplink slots allocated (normal operation):
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Class 34 or 39 MS assigned 5 Uplink slots.

5 Uplink slots allocated:
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4 Uplink slots allocated (normal operation):
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Class 45 MS assigned 6 Uplink slots.

6 Uplink slots allocated:
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5 Uplink slots allocated (normal operation):
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For each of the classes the turnaround and measurement constraints can be met when the maximum uplink timeslots are allocated. For classes 7, 34 and 39 Tra/Ttb shall apply. For class 45 Trb/Tta shall apply. Note that the only downlink timeslot that the MS can monitor in the steady state is that on which the USF is sent. Hence this slot must also be used for downlink PACCH operation. In order to minimise the impact on the MS we propose that the MS transmit uplink PACCH messages on the uplink part of the corresponding PDCH (ie the second allocated PDCH). 

Although this solution works for class 7 mobiles we do not propose to specify this behaviour for class 7 because Release 99 specifications would need changing and 3 uplink slots can be supported already by many of the higher multislot classes.

4. Backward Compatibility issues

We believe that this solution has no backward compatibility issues.

5. Specification Changes 

Changes to specify Shifted USF operation are required to 3GPP TS 44.060 and 45.002. Classes 34,39 and 45 first appear in Release 5, hence we propose to change Release 5 and later. 

We argue that this solution should be considered a category F correction under Use 3 (TR 21.900 clause 4.6.2), namely “to add a part of a functionality agreed for the Release found to be missing in the specification”. It has been agreed that classes 34 and 39 mobiles shall support 5 uplink slots, and class 45 mobiles shall support 6 uplink slots, however there is currently no mechanism for doing this.

44.060 Rel5+:

8.1.1.2
Extended Dynamic Allocation uplink RLC data block transfer

…

8.1.1.2.4      Shifted USF operation

In some instances (see 3GPP TS 45.002), Shifted USF operation shall apply. 

When Shifted USF operation is used, the USF for the first assigned PDCH shall be sent on the second assigned PDCH. The MS shall monitor the second assigned PDCH for the USF corresponding to both the first assigned PDCH and the second assigned PDCH. If the USF corresponding to the first assigned PDCH is detected then the mobile station shall transmit on the first assigned PDCH and all higher numbered assigned PDCHs. Otherwise, operation shall be as described in clause 8.1.1.2.1. 

When Shifted USF operation is used, PACCH operation shall be as described in clause 8.1.1.2.2 except that the network shall transmit all PACCH messages on the PDCH carried on the second lowest numbered timeslot in the allocation.

45.002 Rel 5+ 

The change in this specification requires the multislot configuration table to be updated. The logic behind this table is thus extended, i.e:

If it is not possible to define a multislot configuration using Tra,  but it would be possible by using Tta , then Tta  shall be used. If it is not possible to define a multislot configuration for extended dynamic allocation using normal USF operation but it would be possible by using the shifted USF mechanism, then shifted USF shall be used. In this case Tra will be used as first preference, but if this is not possible Tta will be used as second preference.

The change is in clause 6.4.2.2.
6.4.2.2
Multislot configurations for packet switched connections in A/Gb mode
…

	Medium access mode
	No of Slots
	Tra
shall apply
	Tta
shall apply
	Applicable Multislot classes
	Note

	Downlink, any mode
	1-6
	Yes
	-
	1-12, 19-45
	

	
	7-8
	No
	-
	19-29
	1,2

	Uplink, Dynamic
	1-2
	Yes
	-
	1-12, 19-45
	

	Uplink, Ext. Dynamic
	1-3
	Yes
	-
	1-12, 19-45
	

	
	4
	No
	Yes
	33-34, 38-39, 43-45
	2

	
	5
	Yes
	-
	34, 39
	5

	
	5
	No
	Yes
	44-45
	2,4

	
	6
	No
	Yes
	45
	5

	Down + up, Dynamic
	d+u = 2-5, u < 3
	Yes
	-
	1-12, 19-45
	

	
	d+u = 6, u<3
	Yes
	-
	30-45
	2,3

	
	d+u = 7, u<3
	No
	Yes
	40-45
	2,4

	Down + up, Ext. Dynamic
	d+u = 2-4
	Yes
	-
	1-12, 19-45
	

	
	d+u = 5, d > 1
	Yes
	-
	8-12, 19-45
	

	
	d = 1, u = 4
	No
	Yes
	30-45
	2

	
	d+u = 6, d>1
	Yes
	
	30-45
	2,3

	
	d = 1, u = 5
	Yes
	
	34,39
	5

	
	d+u = 7, d>1
	No
	Yes
	40-45
	2,4

	
	d = 1, u = 6
	No
	Yes
	45
	5

	Note 1
Normal measurements are not possible (see 3GPP TS 45.008).

Note 2
Normal BSIC decoding is not possible (see 3GPP TS 45.008).

Note 3
TA offset required for multislot classes 35-39.

Note 4
TA offset required for multislot classes 40-45.
Note 5
Shifted USF operation shall apply (see 3GPP TS 44.060)


6. Conclusions

This paper identifies the problems of using 5 uplink slots in classes 34 and 39, or 6 uplink slots in class 45. The proposed solution is to move the USF for the uplink of the first PDCH to the downlink of the second PDCH.  
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