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Addition and modification to the set of NBAP information elements required to support the FDD mode DSCH

1.0 Introduction

In this paper change requests are proposed which describe some modifications to the NBAP specification required in order to support the DSCH on the FDD mode.  In particular, it is necessary to provide a method for signalling to the Node B the mapping between values of TFCI and TFCS and between TFCI and PDSCH channelisation code.  Having made the mapping table available at the Node B, it is then possible for the RNC to send DSCH user plane frames to the Node B.  In a companion paper [1] we propose that the DCH control frame (DSCH signalling) should contain fields which indicate the TFI values (for all DSCH transport channels) and the  PDSCH channelisation code.  Given the availability of the mapping table at the Node B it is possible for the Node B to determine the transport format combination indicator which should be applied in the frame when the control frame arrives.  In addition given the modifications proposed in [2] the mapping table also makes it possible for the Node B to determine the spreading factor and thence channelisation code on which the DSCH frame should be transmitted when a DSCH user plane frame arrives.  

In this paper the necessary modifications and enhancements to the set of NBAP information elements are provided.      

The methods for mapping values of TFCI to TFCS and PDSCH channelisation code are the same as those which have been agreed for inclusion in the RRC protocol (TS 25.331) [3] and which were originally presented in [4].   The most efficient method for signalling the mapping information is dependent on the way in which an operator decides to make use of the DSCH.  For this reason a number of methods by which the signalling can be performed were made available in the RRC specification, it is proposed that the same options are made available for the signalling over NBAP.

2.0 Enhancement to signalling to support both DSCH signalling options

In the RAN1 and RAN2 specifications two options are given for conveying the TFCI bits:

A) Using a split TFCI field. TFCI (field 1) describing the PHY layer processing which the receiver must perform on the DCH - CCTrCH.   TFCI (field 2) describing both any PHY layer processing which the receiver must perform on the DSCH - CCTrCH and also identification of any PDSCH channelisation code which is assigned.  Each field is 5 bits long and each field has its own (16,5) Reed-Muller block coding.  This means that the set of radio links within the active set on which TFCI (field 2) is soft-combined can be different to the set on which TFCI (field 1) can be soft-combined.

B) The other alternative is to have a single TFCI field.  In the case where a UE is assigned both DCH and DSCH the extended TFCI field of 10 bits will generally be used.    In this case the (30,10) punctured sub-code of the 2nd order Reed-Muller coding would be used and the same TFCI will be transmitted from all radio links in the active set.

Although there are two alternatives for the way in which the TFCI field is carried on the physical layer it is possible to have a single framework for the way in which the mapping table is signalled to the Node B for both Options A and B above.    This single framework consists of signalling a split TFCI field for both Options A and B.  With the difference being that in the case of  Option A we would have a 'hard physical layer split' and in the case of Option B the split would be viewed as a 'logical split'.

 It is worth providing some further explanation regarding the concept of the 'logical' split.  In this case the same TFCI would be transmitted from all Node B's in the UE's active set and for example the (30,10) block coding would be used on each radio link.  The notion of the logical split means that the TFCI field is split into two parts which are concatenated, TFCI (field 1) forming the most significant bits and TFCI (field 2) forming the least significant bits.  Just as with Option A, TFCI (field 1) describes the PHY layer processing which the receiver must perform on the DCH - CCTrCH.   TFCI (field 2) describes both the PHY layer processing which the receiver must perform on the DSCH - CCTrCH and also any PDSCH channelisation code which is assigned.   Mechanisms already exist in the RAN 2 specification for signalling the boundary at which the split occurs and it has also been proposed to include this capability in the RAN3 specification.

This approach has a number of advantages:

1) The same signalling framework can be used for both the physical layer solutions which have been agreed in RAN1 and RAN2, thereby simplifying the standardisation and implementation.

2) The amount of signalling over the Iub and over the air is reduced compared to the alternative where there is no logical split.  This is because the scheduling on the DCH's and DSCH's is independent.  Consequently,  if you have a single 10 bits TFCI word, you need to transfer to the Node B and the UE a mapping table (between TFCI and TFCS and channelisation code) which is 1024 rows long.  This can be contrasted with the case where there is a logical or hard split of 5 bits for TFCI (field 1) and 5 bits for TCI (field 2) in which case the table would be 2 x 32 = 64 rows long.   

3.0 Review of proposed change requests

· A new information element 'PDSCH code mapping' has been proposed.  This IE describes how the Node B should map TFCI values to PDSCH channelisation codes.

· A new information element: 'PDSCH RL ID' describes on which radio link the PDSCH will be transmitted. 

· A change to the information element: 'TFCI signaling mode' has been proposed which is used to tell the Node B whether the split in the TFCI field is logical or not.  The change also provides a mechanism for the RNC to inform the Node B of the exact boundary between TFCI (field 1) and TFCI (field 2) in the event that the split is a 'logical' split.

· A change to the information element: 'TFCS' has been proposed which describes how TFCI values map to transport format combinations on both DCH and DSCH transport channels. 
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9.2.1.54 TFCS (Transport Format Combination Set)

The Transport Format Combination Set is defined as a set of Transport Format Combinations on a Coded Composite Transport Channel. It is the allowed Transport Format Combinations of the corresponding Transport Channels. The DL Transport Format Combination Set is applicable for DL Transport Channels.

Where the UE is assigned access to one or more DSCH transport channels then the UTRAN has the choice of two methods for signalling the mapping between TFCI(field 2) values and the corresponding TFC:

Method #1 - TFCI range

The mapping is described in terms of a number of groups, each group corresponding to a given transport format combination (value of CTFC_DSCH).  The CTFC_DSCH value specified in the first group applies for all values of TFCI(field 2) between 0 and the specified 'Max TFCI(field2) value'. The CTFC_DSCH value specified in the second group applies for all values of TFCI(field 2) between the 'Max TFCI(field2) value' specified in the last group plus one and the specified 'Max TFCI(field2) value' in the second group.   The process continues in the same way for the following groups with the TFCI(field 2) value used by the UE in constructing its mapping table starting at the largest value reached in the previous group plus one.

Method #2 - Explicit

The mapping between TFCI(field 2) value and CTFC_DSCH is spelt out explicitly for each value of TFCI (field2) 

Information Element/Group name
Presence
Range
IE type and reference
Semantics description

CHOICE DSCH





    No access to DSCH assigned



This choice is made if the UE is not assigned any DSCH transport channels

        TFCS

1 to <maxnoofTFCs>

The first instance of the parameter corresponds to TFC zero, the second to 1 and so on.

        CTFC
M

INTEGER(0..MaxCTFC-1)
Integer number calculated according to TS 25.331

    Access to DSCH assigned



This choice is made if the UE is assigned one or more DSCH transport channels

        Transport format combination_DCH

1 to <MaxTFCI_1_Combs>

The first instance of the parameter Transport format combination_DCH corresponds to TFCI (field 1) = 0, the second to TFCI (field 1) = 1 and so on.

             CTFC_DCH
M

Integer(0..MaxCTFC_DCH-1)
Integer number calculated according to TS 25.331.  The calculation of CTFC ignores any DSCH transport channels which may be assigned

        Choice Signalling method





            TFCI range





                TFC mapping on DSCH

1 to <MaxNoTFCIGroups>



                    Max TFCI(field2) value 
M

Integer(1..511)
This is the Maximum value in the range of  TFCI(field2) values for which the specified CTFC_DSCH applies

                     CTFC_DSCH
M

Integer(0..MaxCTFC_DSCH-1)
Integer number calculated according to TS 25.331.  The calculation of CTFC ignores any DCH transport channels which may be assigned

           Explicit





                Transport format combination_DSCH

1 to <MaxTFCI_2_Combs>

The first instance of the parameter Transport format combination_DSCH corresponds to TFCI (field2) = 0, the second to TFCI (field 2) =  1 and so on.

                      CTFC_DSCH
M

Integer(0..MaxCTFC_DSCH-1)
Integer number calculated according to TS 25.331.  The calculation of CTFC ignores any DCH transport channels which may be assigned

Range Bound
Explanation

MaxnoofTFCs
The maximum number of Transport Format Combinations (1024).

MaxTFCI_1_Combs
Maximum number of TFCI (field 1) combinations (given by 2 raised to the power of the length of the TFCI (field 1))

MaxTFCI_2_Combs
Maximum number of TFCI (field 2) combinations (given by 2 raised to the power of the length of the TFCI (field 2))

MaxNoTFCIGroups
Maximum number of groups, each group described in terms of a range of TFCI(field 2) values for which a single value of CTFC_DSCH applies 

MaxCTFC
Maximum value of CTFC is calculated according to the following:
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with the notation according to TS25.331.

MaxCTFC_DCH
Maximum value of CTFC_DCH is calculated according to the following:
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with the notation according to TS25.331 where only the DCH transport channels are taken into account in the calculation.

MaxCTFC_DSCH
Maximum value of CTFC_DSCH is calculated according to the following:
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with the notation according to TS 25.331 where only the DSCH transport channels are taken into account in the calculation..

9.2.2.X  PDSCH code mapping

This IE indicates the association between each possible value of TFCI(field 2) and the corresponding PDSCH channelisation code.  There are three ways which the UTRAN must choose between in order to signal the mapping information, these are described below.  The signalling capacity consumed by the different methods will typically vary depending on the way in which the UTRAN configures usage of the DSCH.  In each case the location of the PDSCH code tree root is signalled.  A given PDSCH channelisation code within the PDSCH code tree is then identified by spreading factor, SF( and code number (0..(SF( /SFroot)-1), where SFroot is the SF of the root of the PDSCH code sub-tree. 

Method #1 - Using code range

The mapping is described in terms of a number of groups, each group associated with a given spreading factor.  The UE maps TFCI(field2) values to PDSCH codes in the following way.  The PDSCH code used for TFCI(field 2) = 0 , is given by the SF and code number = 'PDSCH code start' of Group = 1.  The PDSCH code used for TFCI( field 2) = 1, is given by the SF and code number = 'PDSCH code start' + 1.  This continues, with unit increments in the value of TFC mapping to unit increments in code number up until the point that code number = 'PDSCH code stop'.  The process continues in the same way for the next group with the TFCI(field 2) value used by the UE when constructing its mapping table starting at the largest value reached in the previous group plus one. In the event that 'PDSCH code start' = 'PDSCH code stop' (as may occur when mapping the PDSCH root code to a TFCI (field 2) value) then this is to be interpreted as defining the mapping between the channelisation code and a single TFCI (ie. TFCI(field 2) should not be incremented twice). 

Method #2 - Using TFCI range

The mapping is described in terms of a number of groups, each group corresponding to a given PDSCH channelisation code.  The PDSCH code specified in the first group applies for all values of TFCI(field 2) between 0 and the specified 'Max TFCI(field2)'. The PDSCH code specified in the second group applies for all values of TFCI(field 2) between the 'Max TFCI(field2) value' specified in the last group plus one and the specified 'Max TFCI(field2)' in the second group.   The process continues in the same way for the following groups with the TFCI(field 2) value starting at the largest value reached in the previous group plus one.

Method #3 - Explicit

The mapping between TFCI(field 2) value and PDSCH channelisation code is spelt out explicitly for each value of TFCI (field2) 

Information Element/Group name
Presence
Range
IE type and reference
Semantics description

DL Scrambling Code
M

INTEGER

(0..15)
Scrambling code on which PDSCH is transmitted.

0= Primary scrambling code of the cell
 1…15 = Secondary scrambling code

Spreading factor
M

Enumerated(4, 8, 16, 32, 64, 128, 256)
Spreading factor of the root of the PDSCH sub tree

 Code number
M

Integer(0..maxCodeNumComp-1)
Code number of the root of the PDSCH sub tree.  Numbering as described in  TS 25.331

Choice signalling method 





    code range





        PDSCH code mapping

1 to <MaxNoCodeGroups>



        Spreading factor
M

Enumerated(4, 8, 16, 32, 64, 128, 256)


        Code number
M

Integer(0..maxCodeNumDSCH-1)
PDSCH code start, Numbering as described in  TS 25.331

        Code number
M

Integer(0..maxCodeNumDSCH-1)
PDSCH code stop, Numbering as described in  TS 25.331

    TFCI range





        DSCH mapping

1 to <MaxNoTFCIGroups>



           Max TFCI(field2) value 
M

Integer(1..512)
This is the maximum value in the range of TFCI(field 2) values for which the specified PDSCH code applies

           Spreading factor
M

Enumerated(4, 8, 16, 32, 64, 128, 256)
SF of PDSCH code

           Code number
M

Integer(0..maxCodeNumDSCH-1)
Code number of PDSCH code.  Numbering as described in  TS 25.331

   Explicit





           PDSCH code

1 to MaxTFCI_2_Combs

The first instance of the parameter PDSCH code corresponds to TFCI (field2) = 0, the second to TFCI(field 2) = 1 and so on.

               Spreading factor
M

Enumerated(4, 8, 16, 32, 64, 128, 256)
SF of PDSCH code

               Code number
M

Integer(0..maxCodeNumDSCH-1)
Code number of PDSCH code.  Numbering as described in  TS 25.331

Range Bound
Explanation

MaxCodeNumComp
Maximum number of codes at the defined spreading factor, within the complete code tree.

MaxCodeNumDSCH
Maximum number of codes at the defined spreading factor within the part of the code tree occupied by the PDSCH sub-tree.

MaxTFCI_2_Combs
Maximum number of TFCI (field 2) combinations (given by 2 raised to the power of the length of the TFCI field 2)

MaxNoTFCIGroups
Maximum number of groups, each group described in terms of a range of TFCI(field 2) values for which a single PDSCH code applies.



MaxNoCodeGroups
Maximum number of groups, each group described in terms of a range of PDSCH channelisation code values for which a single spreading factor applies.



9.2.2.Y
PDSCH RL ID

The PDSCH RL ID identifies which radio link in a UE's active set carries the PDSCH.  All DSCH's assigned to a given user are carried on a single PDSCH which is carried on a single radio link.
IE/Group Name
Presence
Range
IE type and reference
Semantics description

PDSCH RL ID
M

INTEGER

(0..31)


9.2.2.40
TFCI signalling mode

This parameter indicates if the normal or split mode is used for the TFCI.  In the event that the split mode is to be used then the IE indicates whether the split is 'Hard' or 'Logical', and in the event that the split is 'Logical' the IE indicates the number of bits in TFCI (field 2). 
IE/Group Name
Presence
Range
IE type and reference
Semantics description

TFCI signalling option
M

ENUMERATED (Normal, Split)
'Normal' : meaning no split in the TFCI field (either 'Logical' or 'Hard')

'Split' : meaning there is a split in the TFCI field (either 'Logical' or 'Hard') 

Split type
C-IfSplit

Enumerated (Hard, Logical)
'Hard' : meaning that TFCI (field 1) and TFCI (field 2) are each 5 bits long and each field is block coded separately.

'Logical' : meaning that on the physical layer TFCI (field 1) and TFCI (field 2) are concatenated, field 1 taking the most significant bits and field 2 taking the least significant bits).  The whole is then encoded with a single block code.



Length of TFCI2
C-SplitType

Integer (1..9)
This IE indicates the length measured in number of bits of TFCI (field2).  

Condition
Explanation

IfSplit
This IE is only present if 'TFCI signalling option' = 'split' 

SplitType
This IE is only present if 'Split type' = 'Logical'
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