3GPP TSG GERAN #29

Tdoc GP-060752
San Jose Del Cabo, Mexico




Agenda items 7.1.5.5, 7.2.5.3.3.1

24 - 28 April 2006
Source: Ericsson



Dual-carrier in Downlink Principles
1 General
This document discusses the different parts of ‘Dual -carrier in Downlink’ and presents the Ericsson view of how to proceed with Stage 3. In our view it is important to keep things simple with the basic functionality of ‘Dual-carrier in Downlink’ and to let optimizations be optional functionality.

It is therefore proposed that EGPRS is a prerequisite for ‘Dual-carrier in Downlink’ and that the allocation of resources is merely a duplication of the current EGPRS allocation. I.e. the possible, new timeslot allocations will be based on the current multislot classes being applied to both of the assigned frequencies.

2 Multislot Capability
The MS multislot capability for a ‘Dual-carrier in Downlink’ capable MS should be implemented in two steps. This is to achieve a solution that is both flexible and easy to implement for both the network and the MS.

In the first step there would be no new multislot classes defined, the only difference from today would be that the amount of Rx timeslots for the existing multislot classes could be doubled. However, both carriers must fulfill the switching requirements (Tta, Ttb, Tra and Trb) defined in 45.002. This step is further described in section 2.1.

As a second step we propose to change the switching requirements slightly in order to make the channel allocation more flexible. Also in this step, no new multislot classes are proposed. The step is described in section 2.2.
2.1  Basic multislot capability for dual carrier MSs

As a first, basic step it is proposed that dual carrier in downlink shall be possible to use together with the already defined multislot classes in TS 45.002. The requirements that are stated in Annex B1 (in TS 45.002) should not be changed, instead it is suggested that the following text is added to the Rx and Sum description.

Rx:

Rx describes the maximum number of receive timeslots that the MS can use per TDMA frame The MS must be able to support all integer values of receive TS from 0 to Rx (depending on the services supported by the MS). The receive TS need not be contiguous. For type 1 MS, the receive TS shall be allocated within window of size Rx, and no transmit TS shall occur between receive TS within a TDMA frame.

For a ‘Dual-carrier in Downlink’ capable MS the Rx figure is doubled.
Sum:

Sum is the total number of uplink and downlink TS that can actually be used by the MS per TDMA frame. The MS must be able to support all combinations of integer values of Rx and Tx TS where 1 <= Rx + Tx <= Sum (depending on the services supported by the MS). Sum is not applicable to all classes.

For ‘Dual-carrier in Downlink’, Sum is not applicable to any of the multislot classes. 
2.2 Increased flexibility in channel allocation for dual carrier in downlink

To take the full advantage of the ‘Dual-carrier in Downlink’ feature it is proposed that an additional dual carrier in downlink capability is added. This additional capability will indicate that the MS is capable of:

· The requirement on Trb between Tx1 and Rx2 shall be 0 for all multislot classes, see section 2.2.1.

· It shall be possible to switch from Rx1->Tx1->Rx2 within the same TDMA frame, see section 2.2.2.
· Dynamic uplink carrier, it shall possible to alternate between two carriers on the uplink, see section 2.2.3.  
The benefits with this extra functionality are:

· Increased throughput in downlink or uplink
· Increased flexibility in the allocation of timeslots
2.2.1 Reduced Trb between Tx1 and Rx2
The requirement on Trb shall only be applicable between the paired uplink and downlink carriers. The downlink receiver that has no corresponding uplink should be able to start receiving immediately after that the MS has stopped transmitting on the uplink. This makes it possible to allocate one extra timeslot in many configurations.  A configuration where this is used is shown In Figure 1. Note that the requirement to not transmit and receive at the same time is still valid.
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Figure 1: The requirement on Trb between Tx1 and Rx2 are 0.

2.2.2 Un-even allocation of downlink timeslots

With an un-even allocation of downlink timeslots it would be possible to increase the flexibility at allocation of downlink timeslots. This requires that the MS is able to switch from Rx1->Tx1->Rx2 within the same TDMA frame. In Figure 2 is a configuration shown where this is used.
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Figure 2: The MS has to switch from RX1->TX1->RX2 within the same TDMA frame.
The configuration described in Figure 2 would be beneficial in a scenario where both carrier 1 and 2 are carrying a lot of traffic. 
2.2.3 Dynamic uplink carrier

In a dynamic uplink carrier configuration the MS is allocated timeslots on two different uplink carriers, but it is only scheduled on one carrier at the time. This is to make it possible for the system to use the uplink resources in the most efficient way. A configuration with two uplink carriers is shown in Figure 3.
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Figure 3: The uplink is alternated between two different carriers.
The possibility to alternate between two carriers on the uplink requires that it is possible to allocate resources for both of them. This allocation is the same as for the dual carrier in downlink case and it is therefore proposed to change the assignment commands for the uplink in the same way as for the downlink.
3 Carrier Co-ordination
It should be possible to request quality measurements of both downlink carriers although only one paired uplink frequency is in use. The downlink frequency on which the Poll request was sent would indicate to the MS for which carrier the measurements should be reported. The measurements are reported through the assigned uplink frequency.
While it would be possible to request quality measurements for both downlink carriers, MCS scheme should be possible to choose for each carrier independently of each other.

The BSN coding should not have to be co-ordinated between the carriers, i.e. RLC blocks should be sent in order through a carrier but between carriers they could be sent so they arrive out of order in the MS.
It should be possible to perform power control on each carrier independently of each other.
4 Protocol Aspects
The MS Capabilities and Classmark 3 information should be updated to include the MS capabilities regarding ‘Dual-carrier in Downlink’.

The assignment of dual-carrier radio resources should be done through new control plane messages. When the network and MS support ‘Dual-carrier in Downlink’, these messages could always be used to assign radio resources to the MS. I.e. the messages could be used towards dual-carrier capable MSs also when radio resources are assigned on only one carrier.

The following new messages are foreseen in Technical Specification 44.060:

· Multi-carrier Packet Downlink Assignment

· Multi-carrier Packet Timeslot Reconfigure

· Multi-carrier Multiple TBF Downlink Assignment

· Multi-carrier Multiple TBF Timeslot Reconfigure

· Multi-carrier PS Handover Command
· Multi-carrier DTM Handover Command
The following new messages are foreseen in Technical Specification 44.018:

· Multi-carrier Immediate Assignment
· Multi-carrier Packet Assignment

· Multi-carrier DTM Assignment Command
In case the “Dynamic Uplink Carrier” part described in chapter 2.2.3 is to be implemented, a number of messages assigning Uplink resources (TS 44.060 and TS 44.018) will also have to be updated.
A TBF (TFI assignment) should span both carriers of the dual-carrier assignment. I.e. an MS should use the same TFI on both carriers. As already stated, the requirement to send blocks for a specific TBF in a specific order must be removed so that no co-ordination is necessary between the two carriers once a carrier has been chosen for a specific block. A TBF will in this case have its own “RLC engine” as in current specifications.
With the new multiple TBF assignment signalling messages, it should be possible to assign a subset of the available timeslot allocation (on both carriers) to one or more TBFs. Each TBF will in this case have its own “RLC engine” as in current specifications.
While there is no practical way to increase the BSN space, the current, maximum RLC window size must be used also for timeslot allocations up to 16 timeslots. According to our calculations, this would be enough for at least one retransmission without stalling. Other features such as ‘Improved ACK/NACK Reporting’ and ‘Reduced TTI’ would allow for additional retransmissions without stalling.
5 MBMS Impacts

Enhancements to MBMS in regards to ‘Dual-carrier in Downlink’ are for further study.

6 Conclusion

Ericsson propose that the ‘Dual-carrier in Downlink’ feature is developed with a “basic” approach onto which optimizations of the radio resource utilization are added as optional functionality.

The “basic” functionality would be to allow the network to assign timeslots on dual carriers according to existing multislot class schemes. It would be allowed for the network to assign different number of timeslots on the different frequencies. 

Furthermore, it is proposed that EGPRS is a prerequisite to the ‘Dual-carrier in Downlink’ feature.

No new multislot classes should be needed to add optimizations, but instead an indication of whether or not an MS is capable of optimized radio resource assignments could be added. The optimisations could be e.g. to allow a Trb of 0 on one of the assigned downlink frequencies and to allow for going between Rx to Tx back to Rx within the same TDMA frame. An MS should also be prepared to be scheduled, in an alternating fashion, on any of the uplink frequencies paired with the assigned downlink frequencies.
The assignment of resources should be made through new messages which are prepared for assigning resources on multiple carriers.
























































































[image: image4.png]DL Allocation, 2+3

Sum

UL Allocation, 2

DL, Carrier1 |0 |1]|2|3|4|5|6]|7

DL, Carrier2 |0 | 1|2|3|4|5|6|7

UL, Carrier 1 2134

- Ty, and T are related to carrier 1



[image: image5.png]DL Allocation, 4+5

UL Allocation, 2

DL, Carrier1 |0 |1|2|3|4|5|6|7|0|1(2|3|4|5|6|7

DL, Carrier2 |0 1|2|3(4|5|6|7[0|1(2]|3|4|5|6]|7

UL, Carrier 1 012|345 012|134
[e— [—
T.=1 Tp=1

- T,, and T, are related to carrier 1



[image: image6.png]DL Allocation, 2+2

UL Allocation, 2

DL, Carrier1 |0 |1|2|3|4|5/6|7]0|1(2]|3|4]|5

DL, Carrier2 |0 |1|2|3|4|5|/6|7]0|1[2]|3|4]|5

UL, Carrier 1 213(4|5|6|7]0(|1|2

UL, Carrier 2 0|1/2|3|4|5|6




