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DLMC – Flexible resource assignment
1 Introduction

A new GERAN work item for Downlink Multi-Carrier Downlink (work item DMCG) was agreed in [1] at GERAN#55. 
The specification for Downlink Multicarrier will to a large extent re-use the concepts associated with the already specified feature Downlink Dual Carrier.

Two aspects that are changed are:

· The maximum number of carriers that the MS can support.

· The coupling of the carrier support with the hardware of the MS. For DLMC there need no longer be a strict relation between the number of carriers and the hardware, while for DLDC a separate receive chain is needed in the MS for each carrier.

This document proposes a capability signaling for DLMC that is adapted to the design principles used for the feature, compared to extending the capability set used for DLDC.
2 Background
For single carrier operation in the GERAN specifications the multislot class indicates the number of TS possible to allocate to the MS in the DL and UL. Typically this indication is based on Type 1 MS capability where half-duplex operation is used. I.e. there are switching times that need to be considered between Tx->Rx, Rx->Tx, Tx->Tx, Rx->Rx. These switching times are tabulated in the specifications by the multislot class, see [1].
When Downlink Dual Carrier (DLDC) was introduced, although only a subset of all multislot classes were defined for the feature, there was no change in the multislot classes and their related switching times. 
When increasing the resources possible to allocate in the frequency domain while keeping the capability in the time domain unchanged, the operation of the MS gets limited by baseband processing power rather than switching times, and as a result, a functionality of reducing the total DL TS was introduced by the “Multislot capability reduction for Downlink Dual Carrier IE”. It allows the MS to signal its baseband capability for downlink TS reception freely within the range of “max TS per carrier” to “2 x max TS per carrier”, where the signaled multislot class indicates “the max TS per carrier” the MS is capable of supporting. For example for a multislot class 32 with 5 TS maximum in the DL per carrier, according to its multislot class, the MS can signal a “Maximum number of downlink timeslots” of 5-10.
The signaling therefore allows for an effective carrier allocation ranging from 1.x carriers (x≥0) to 2.0 carriers. It is not allowed to reduce the number of downlink timeslots by an amount more than the “max TS per carrier”:

Rx_Sum is given by the Maximum Number of downlink timeslots as specified in Table B.2 minus the number of timeslots indicated in the Multislot Capability Reduction for Downlink Dual Carrier field (see 3GPP TS 24.008).If the resultant Rx_Sum is lower than the value given by the field Sum in Table B.1 for the signalled multislot class (or the equivalent multislot class if different from signalled multislot class) (see Table B.2), then Rx_Sum shall be assumed to be equal to Sum from Table B.1 for that multislot class.
3 Flexible resource assignment for DLMC
For DLMC the situation is changed compared to DLDC since the maximum number of carriers a MS can support is no longer coupled with the hardware of the MS.
I.e. there is a possibility to allow for a MS to receive the assigned resources over an arbitrary number of carriers, as long as the maximum number of assigned TS does not exceed the baseband capability of the terminal.
The benefits with this is an increased flexibility in the assignment of resources from the network side, as well as a possibility to keep the maximum DL throughput (determined by the maximum number of TS supported by the MS) unchanged while assigning multiple TS in the UL.
This is illustrated by Figure 1 where the assigned TS in the DL are indicated by orange cells and the assigned TS on the UL by dark blue cells and considering an example where the baseband capability of the MS is limited to a “maximum number of downlink timeslots” = 32. The [max number of carriers]x[max TS per carrier] matrix for both cases is shown with a green square.
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Figure 1. Resource assignment according to DLDC principles (top), more flexible assignment for DLMC (bottom).
It can be seen that although the “maximum number of downlink timeslots” is still 32 TS (in this example) the assignment flexibility from the network to assign the resources is increased with the more flexible approach of using a 16x5 matrix, instead of 7x5 matrix  for assignment. 
The ability to support an increased bandwidth on the UL without affecting the maximum DL throughput is illustrated by Figure 2 where 32 TS are still assigned on the DL for the case of either 2 or 3 UL TS assigned for the UL TBF. This alleviates the asymmetry that otherwise is present for multi carrier operation, if resources are assigned for maximum DL throughput. I.e. the “maximum number of downlink timeslots” can only be realized if only one UL TS is assigned for each carrier used for the UL TBF.
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Figure 2. Resource assignment for DLMC with 2 (left) or 3 (right) TS assigned on the UL.

4 Impact to the specification
Little impact is foreseen to the specification to achieve the flexibility in resource assignment for DLMC as shown in Section 3.
Effectively what is needed is a way to signal the resource capability of the MS (i.e. “the maximum number of TS”) and the maximum number of carriers.
The maximum number of carriers could either be implicitly stated in the specification (for example that all MSs should support resources spread across 16 carriers, as proposed in [2]), or explicitly signaled by the MS. Although “in theory” the number of carriers should pose no limitation to a DLMC MS, this could be implementation dependent.
GERAN is encouraged to discuss how to best indicate the maximum number of carriers supported by the DLMC MS (implicitly or explicitly). 
A proposed signaling, comparing (a) an extension of the DLDC signaling (max number of carriers + multislot capability reduction + EFTA multislot capability reduction) with (b) the signaling required for a flexible resource assignment for DLMC (as described in section 3) is shown in Figure 3.
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Figure 3. Capability signaling extending the signaling principles for DLDC (top, blue frame), compared with alternative signaling for DLMC based on resource capability (bottom, green)
In the approach taken it is assumed that the maximum number of downlink carriers need not be explicitly signaled to the network. In this example, signaling only the maximum number of downlink timeslots reduces the capability signaling from 9 to 6 bits. It can also be noted that it is assumed that there is no need to explicitly signal the multislot capability reduction for EFTA operation since EFTA operation would just effectively increase assignment flexibility further to a [max number of carriers]x[max number of TS per carrier = 8] matrix (i.e. 16x8 assuming a default of 16 carriers is supported in a DLMC configuration), but have no impact on the processing power of the terminal.

As per currently agreed working assumption within the work of DLMC, the multislot classes will not be impacted by the new capability signaling. 

5 Conclusion

To allow for (a) a more flexible DL resource assignment with the DLMC feature and (b) an improved ability to assign more than 1 UL TS without eliminating the possibility of realizing maximum DL throughput, a capability signaling of the MS has been proposed and is captured in the new working assumption below.
WA: The MS shall indicate the maximum number of timeslots it supports across the maximum number of carriers it supports (i.e. as a new field within MS RAC IE). This eliminates the need for the MS to provide any multislot class reduction information applicable to Downlink Multi Carrier configuration.
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DLMC - Maximum number of carriers (3 bit field)


This field indicates the maximum number of carriers supported by a mobile station.


Bits


1 2 3


0 0 0	2 carriers supported


0 0 1	3 carriers supported


0 1 0	4 carriers supported


0 1 1	6 carriers supported


1 0 0	8 carriers supported


1 0 1	12 carriers supported


1 1 0	16 carriers supported


1 1	1	Reserved





Multislot Capability Reduction for Downlink Multi Carrier (3 bit field)


This field indicates the  receive multislot capability reduction of a multi carrier capable mobile station applicable to EGPRS and EGPRS2 support when EFTA is not used (see 3GPP TS 45.002 [32]). This reduction applies to the maximum number of downlink timeslots for multi carrier operation derived from the EGPRS (high) multislot class. The reduction only applies for the maximum signalled number of carriers. The coding of this field is the same as the coding of the Multislot Capability Reduction for Downlink Dual Carrier field.





EFTA Multislot Capability Reduction for Downlink Multi Carrier (3 bit field)


This field indicates the receive multislot capability reduction of a multi carrier capable mobile station applicable to EGPRS and EGPRS2 support when Enhanced Flexible Timeslot Assignment is used (see 3GPP TS 45.002 [32]). This reduction applies to the maximum number of downlink timeslots for multi carrier operation derived from the Alternative EFTA Multislot Class field. The reduction only applies for the maximum signalled number of carriers. The coding of this field is the same as the coding of the Multislot Capability Reduction for Downlink Dual Carrier field.











DLMC - Maximum number of downlink timeslots (6 bit field)


This field indicates the maximum number of downlink timeslots supported by a DLMC mobile station.


The maximum number of downlink timeslots possible to support is from 6 TS up to 128 TS with an increment of 2 TS, i.e. [6,8,10,12,14,..]


Examples of how to code the  maximum number of downlink timeslots is shown below:


Bits


1 2 3 4 5 6


0 0 0 0 0 0	Maximum number of downlink timeslots: 6


0 0 0 0 0 1 	Maximum number of downlink timeslots: 8


….





1 1 1 1 0 0	Maximum number of downlink timeslots: 128


1 1 1 1 0 1	Reserved


1 1 1 1 1 1	Reserved
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