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Encoding Frequency Parameters for Dual Carrier Assignments

1. Introduction

This document provides some discussion of the requirements and some possible message encodings that could be used to describe frequency parameters for dual carrier configurations to support the Dual Carrier in the Downlink feature for Release 7.

2. Requirements

The following are seen as a set of requirements for conveying frequency parameter information in assignment messages for Dual Carrier configurations.

· It must be possible to specify two sets of frequency parameters for each of the two potential carriers in an assignment message (especially an initial assignment message).

· It must be possible to change one or both sets of radio parameters within an assignment message.

· It must be possible to change from a single carrier configuration to a dual carrier configuration in an assignment message.

· It must be possible to change from a dual carrier configuration to a single carrier configuration in an assignment message.

· It must be possible to identify each set of frequency parameters (carrier #1 vs. carrier #2) in order to allow e.g. changes to one set but not the other, and resource allocations to refer to one particular carrier.

· It is preferable for the two sets of frequency parameters to be efficiently coded.

3. Choice of radio frequency channel parameters

It is assumed that the most likely scenarios for the two carriers is that they are either both non-hopping channels (fixed frequency) or that they are both hopping channels.
A Frequency Hopping sequence is characterised by the following parameters (see TS 45.002):

· MA: Mobile Allocation of radio frequency channels, defines the set of radio frequency channels (a subset of the Cell Allocation) to be used in a mobile’s hopping sequence. The MA contains N radio frequency channels, where 1 ≤ N ≤ 64

· MAIO: Mobile Allocation Index Offset (0 to N–1, 6 bits)

· HSN: Hopping Sequence (generator) Number (0 to 63, 6 bits).

For the case of frequency hopping channels, in theory it is possible for two carriers in the same cell  to have two completely independent sets of FH parameters, i.e. they could have separate (but not necessarily disjoint) Mobile Allocations, different HSNs and different MAIOs. It is also possible (in an extreme case) that one carrier is hopping and the other is non-hopping. However, one could wonder whether this flexibility is at all necessary or desirable. For example, if the Mobile Allocations for the two carriers are not disjoint, the situation could occur whereby both carriers are mapped tothe same frequency (ARFCN) during a TDMA frame, unless proper care in the choice of the hopping parameters is taken.

There are however choices of the hopping parameters that ensure that the two hopping sequences are “orthogonal”, i.e. never  collide; for example:

1) The Mobile Allocations for the two carriers are disjoint (i.e. they do not contain any common ARFCN).

2) The Mobile Allocations and the HSNs for the two carriers are the same, but the MAIO is different.

For the first approach, the disadvantage is that it may limit the number of frequencies that are contained in each set (which in turn will be limited by the size of the Cell Allocation), thus potentially reducing the radio link performance of the channel. The second approach could simplify the operation of dual carrier, as two hopping sequences that have the same MA and HSN but different MAIO are guaranteed to be orthogonal (i.e. the two carriers will never be mapped on the same frequency). Such approach would also make the encoding of the parameters in the RLC/MAC messages more efficient, as illustrated in section 4.
4. Optimised Dual Carrier Encoding

Let’s consider the case whereby both hopping channels use the same Mobile Allocation and have different offsets into that common mobile allocation (i.e. different MAIO values).

In this case a new Frequency Parameters IE (say Dual Carrier Frequency Parameters) could be defined in an optimised way specifying a common set of parameters with two separate ARFCNs (for non-hopping channels) or two separate MAIOs (for hopping channels using the same Mobile Allocation).

One potential means of encoding this optimised IE is shown in Table 1. Such an IE can be placed in the release-7 extension to the assignment messages. By making both channel descriptions (ARFCN1/ARFCN2 or MAIO1/MAIO2) optional it will be possible to change one or both radio frequency channels in any assignment message (provided that either the two channels are hopping, but differ only in the MAIO or both are non-hopping channels).

In order to move from a dual carrier configuration to a single carrier configuration, the legacy Frequency Parameters IE can be added into the assignment message and the Dual Carrier Frequency Parameters IE can be left out of the assignment message. To change from a single carrier to a dual carrier configuration, the legacy Frequency Parameters IE can be left out of the message and the Dual Carrier Frequency Parameters IE can be included.

	< Dual Carrier Frequency Parameters IE > ::=


< TSC : bit (3) >


{ 00 


{ 0 | 1 < ARFCN1 : bit (10) > }



{ 0 | 1 < ARFCN2 : bit (10) > }


| 01 < Indirect encoding : < Indirect encoding struct > >


| 10 < Direct encoding 1 : < Direct encoding 1 struct > >


| 11 < Direct encoding 2 : < Direct encoding 2 struct > > } ;



	< Indirect encoding struct > ::=


{ 0 | 1 < MAIO1 : bit (6) > }

{ 0 | 1 < MAIO2 : bit (6) > }

< MA_NUMBER : bit (4) >


{ 0 | 1
< CHANGE_MARK_1 : bit (2) >




{ 0 | 1 < CHANGE_MARK_2 : bit (2) > } } ;



	< Direct encoding 1 struct > ::=



{ 0 | 1 < MAIO1 : bit (6) > }


{ 0 | 1 < MAIO2 : bit (6) > }


< GPRS Mobile Allocation : < GPRS Mobile Allocation IE > > ;



	< Direct encoding 2 struct > ::=



{ 0 | 1 < MAIO1 : bit (6) > }


{ 0 | 1 < MAIO2 : bit (6) > }


< HSN : bit (6) >


< Length of MA Frequency List contents : bit (4) >


< MA Frequency List contents : octet (val(Length of MA Frequency List contents) + 3) > ;




Table 1 :- Dual Carrier Frequency Parameters information elements

5. Full Flexibility Option

If full flexibility is required in the definition of the two radio frequency channels, an optional second Frequency Parameters IE can be placed in the release-7 extension to the assignment message. The legacy Frequency Parameters IE can specify one channel and the release-7 extension IE can specify the second channel. However, this approach would lead to considerably larger message sizes.

It would be possible to provide both mechanisms for encoding the frequency parameters for a dual carrier configuration and allow the network to choose which option to use.

6. Conclusions

This paper has presented the requirements for specifying frequency parameters for dual carrier configurations and two potential solutions for encoding these parameters in assignment messages.

It has to be decided as to the degree of flexibility and message size optimisation that is required in order to determine how to adapt current assignment messages to include dual carrier capability. It is proposed that this is discussed by WG1and a working assumption is agreed, which will enable WG2 to draft the Stage 3 CRs for Dual Carrier in the downlink.
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