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Enhancement to RRC messaging to support the FDD downlink shared channel

1.0 Introduction

2.0 In [1] and [2] the required signalling framework to support the DSCH in FDD mode was described.  In this paper detailed proposals are made for methods by which the mapping between TFCI values and PDSCH channelisation codes and Calculated Transport Format Combination can be signalled.

3.0 Benefit in using independent TFC's for DSCH and DCH transport channels

Figure 1 shows an extract from 25.302 detailing the model for DSCH with associated DCH.  
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Figure 1: Model of the UE’s physical layer – downlink FDD mode

It can be seen that there are two ways in which allocations on the DSCH can be signalled.  In one method the TFCI field is split with TFCI(field1) being used by the UE to determine how to process received DPCH's into transport blocks for delivery on the DCH's and TFCI(field2) being used to do the equivalent for the PDSCH.  The other alternative is for a single TFCI field to indicate allocations on both DCH and DSCH.  In this paper we consider the former option.

The transport format combinations which are chosen for transmission on the PDSCH are chosen completely independently of those which are transmitted on the DPCH's.  Hence for UE's in the Cell_DCH state in which the DSCH has been allocated there will effectively be two separate Transport Format Combination Sets (one for the DSCH side of the model, and one for the DCH side).  Indication of the TFC used on the DCH side of the model is provided using TFCI (field 1) and indication of the TFC and PDSCH channelisation code used on the DSCH side of the model is provided using TFCI (field 2).  By using this model in which separate TFCS's are used, and in which the TFCI field is split, the amount of signalling required to specify the mapping between TFCI and channelisation code/CTFC can be reduced over the alternative in which there is only one TFCS and the TFCI field is not split
.  

4.0 Methods for efficiently conveying the mapping between TFCI(field 2) and CTFC and Channelisation code

4.1 In the case where a UE supports the DSCH, the information provided on TFCI(field 2) has to enable the UE to look up both CTFC and PDSCH channelisation code.   In this section we consider two very different ways in which the UTRAN might make use of the limited TFCI (field 2) bits, and we compare the efficiency of the various methods by which the required mapping information might be signalled to the UE for both cases.

4.2 Example 1

In this sub-section we consider an example in which the TFCI (field 2) is 5 bits long, the PDSCH code sub-tree is 5 spreading factors deep and where the UTRAN allows only one possible TFC per spreading factor.  Table 1 shows an example of the mapping table which a UE would build when the PDSCH is used in this way.  

TFCI (field 2)
CTFC
PDSCH Channelisation code

1
(
SF=128, Code number = 0

2
(
SF=128, Code number = 1

3
(
SF=128, Code number = 2

4
(
SF=128, Code number = 3

:
:
:

16
(
SF=128, Code number = 15

17
(
SF=64, Code number = 0

18
(


:
:
:

24
(
SF=64, Code number = 7

25
(
SF=32, Code number = 0

:
:
:

28
(
SF=32, Code number = 3

29
(
SF=16, Code number = 0

30
(
SF=16, Code number = 1

31
(
SF=8, Code number = 0

Table 1) Table which the UE must build to map TFCI (field 2) to CTFC and channelisation code in Example #1

4.2.1 We now consider the comparative efficiency of two methods for signalling this mapping information to the UE.  

4.2.2 Method #1 - Mapping spelt out for each value of TFCI

According to the above assumptions (Example #1) there will be 5 possible spreading factors and therefore 5 possible CTFC's.

· Hence in conveying the mapping information:

· A minimum of 3 bits will be required to identify the  CTFC

· A minimum of 5 bits will be required to identify each channelisation code (providing the root of the PDSCH tree is also identified, which will itself require 10 bits)

So the minimum number of bits required to transfer the mapping information =

Root code identifier + Number of TFCI (field2) combinations x (No. bits to identify CTFC + Number of bits to identify Channelisation code) 

= 10 + 25 x (3+5) = 266 bits 

4.2.3  Method #2 - Use of 'for' loops

From Table 1 it is clear that another option is to make use of 'for' loops in order to reduce the amount of signalling information which has to be transferred  in order to describe the mapping, this would be done as follows :

for TFCI2 range 0 to x


Corresponding channelisation codes are a to b

for TFCI2 range x+1 to y


corresponding channelisation codes are c to d

:

:

:
for TFCI2 range 0 to  X


CTFC = (
for TFCI2 range X+1 to Y


CTFC = β

:

:

:
The number of bits which would be required to encode the information which has to be signalled using this method would then be as follows:

To signal the channelisation code mappings would  require the following:

Each channelisation code is identified by:

a) Its spreading factor (SF) requiring 3 bits  (SF can take the values 4,8,16,32,64,128,256,512)

b) Its code number (numbered left to right in the part of the PDSCH code tree identified by the defined SF)

To do this, the root of the PDSCH code sub-tree would also have to be signalled, this will require 10 bits.

There are 32 codes in the PDSCH code tree of the example under consideration, with 5 possible spreading factors.  Each spreading factor will have its own specified range of PDSCH channelisation codes (eg a to b, in the above computer code representation).  Therefore for each spreading factor, the following number of bits will be required:

Number of bits required to identify SF + No. bits required to identify 'Start PDSCH code number' + No. bits required to identify 'Stop PDSCH code number'

So the total number of bits required to signal the complete TFCI(field 2) to channelisation code mapping table for Example #1 would be:

10 + 3 + (2 x 4)  + 3 + (2 x 3) + 3 + (2 x 2) + 3 + (2 x 1) + 3 + (2 x 1) = 47 bits

To identify the CTFC mappings :

It is necessary to give the range of TFCI (field 2) for which the CTFC applies.  

In our example, CTFC requires 3 bits and TFCI (field 2) requires 5 bits, so the number of bits to identify the CTFC mappings would be as follows:

Number of SF x (3+5+5) = 5 x 13 = 65.

Total number of bits required using the 'for' loop mapping methodology  = 47 + 65 = 112 bits

Clearly for the example considered, the use of the 'for' loop mapping technique results in much less signalling than the alternative scheme in which CTFC and channelisation code are spelt out explicitly for each value of TFCI(field 2).  The relative benefit in using the 'for' loops would obviously increase even further if we were to increase the size of field 2 of the TFCI beyond the 5 bits used in the example.

4.3 Example 2

In this sub-section we consider another possible way in which access to the DSCH might be configured.  We consider the scenario in which the UE is only ever assigned access to a single PDSCH code (the root of the PDSCH code tree in this example).  The 5 bits of TFCI(field2) in this case being used to differentiate between different TFC's, this is shown in Table 2.  

TFCI (field 2)
CTFC
PDSCH Channelisation code

1
(
SF=32, Code number = 0

2
β
SF=32, Code number = 0

3
γ
SF=32, Code number = 0

4
δ
SF=32, Code number = 0

5
ε
SF=32, Code number = 0

6
ζ
SF=32, Code number = 0

:
:
:

32
η
SF=32, Code number = 0

Table 2) Table which the UE must build to map TFCI to CTFC and channelisation code in Example #2

In this case in order to signal the mapping between TFCI (field 2) and CTFC it would be most efficient to use explicit signalling , ie. to have the CTFC identified individually for each possible value of TFCI(field 2).    With regards to identifying the mapping between TFCI(field 2) and the channelisation code, it would on this occasion be most efficient to identify the range of TFCI(field2) values for which the PDSCH channelisation code should be applied.

4.4 Summary of the signalling methods which should be made available

From Example 1, it was shown that :

1) The capability should be provided to define a range of TFCI(field 2) for which a CTFC should be applied.

2) The capability should be provided to define the range of PDSCH channelisation codes which should be mapped to a corresponding range of TFCI (field 2) values - this being achieved by identifying the PDSCH channelisation code start and end points.

From Example 2, it was shown that :

1) The capability should be provided to explicitly identify the CTFC used for each value of TFCI(field 2) 

2) The capability should be provided to identify the range of TFCI (field 2) values for which a PDSCH channelisation code applies

Given that there are also many other ways in which the PDSCH might be configured, it would also seem prudent to provide the capability for the UTRAN to explicitly identify the mapping between each individual value of  TFCI(field 2) and PDSCH channelisation code.

5.0 In the proposed change request that follows, all these options are made available to the UTRAN
.  The choice between them can then be made according to which will result in the minimum amount of signalling traffic.   

6.0 References

[1]  TSGR2#7(99)E87, Motorola, 'Modifications to RRC messages and information elements  required to support the DSCH'

[2] TSGR2#8(99)H26, 25.331 CR 046
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Proposed enhancement to the 'PDSCH code mapping (FDD only)' IE

10.2.6.X  PDSCH code mapping (FDD only)

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) = 1 , is given by the SF and code number = 'PDSCH code start' of Group = 1.  The PDSCH code used for TFCI( field 2) = 2 , 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 1 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

Root of PDSCH sub tree





               Spreading factor
M

Enumerated(4, 8, 16, 32, 64, 128, 256, 512)


               Code number
M

Integer(0..maxCodeNumComp-1)


Choice signalling method 





    code range





        PDSCH code mapping

1 to <MaxNoCodeGroups>



        Spreading factor
M

Enumerated(4, 8, 16, 32, 64, 128, 256, 512)


         PDSCH code start





             Code number
M

Integer(0..maxCodeNumDSCH-1)


        PDSCH code stop





             Code number
M

Integer(0..maxCodeNumDSCH-1)


    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

           PDSCH code





               Spreading factor
M

Enumerated(4, 8, 16, 32, 64, 128, 256, 512)


               Code number
M

Integer(0..maxCodeNumDSCH-1)


   Explicit





           PDSCH code

1 to MaxTFCI_2_Combs

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

               Spreading factor
M

Enumerated(4, 8, 16, 32, 64, 128, 256, 512)


               Code number
M

Integer(0..maxCodeNumDSCH-1)


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.


Proposed enhancement to the 'Transport format combination set' IE

10.2.5.1 Transport Format Combination Set

Indicates the allowed combinations of already defined Transport formats and the mapping between these allowed TFC's and the corresponding TFCI values. 
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 1 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

        Transport format combination
M
1 to 1024

The first instance of the parameter Transport format combination correspond to Transport format combination 1, the second to transport format combination 2 and so on.

            CTFC


Integer(0..MaxCTFC-1)
Integer number calculated according to clause 14.

    Access to DSCH assigned



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

        Length of TFCI2
M

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

        Transport format combination_DCH

1 to <MaxTFCI_1_Combs>

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

             CTFC_DCH
M

Integer(0..MaxCTFC_DCH-1)
Integer number calculated according to clause 14.  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..512)
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 clause 14.  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) = 1, the second to TFCI (field 2) =  2 and so on.

                CTFC_DSCH
M

Integer(0..MaxCTFC_DSCH-1)
Integer number calculated according to clause 14.  The calculation of CTFC ignores any DCH transport channels which may be assigned

Range Bound
Explanation

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 clause 14.

MaxCTFC_DCH
Maximum value of CTFC_DCH is calculated according to the following:
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with the notation according to clause 14 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 clause 14 where only the DSCH transport channels are taken into account in the calculation..







� To demonstrate this consider the following: where the TFCI field consists of 10 bits, the number of bits required to explicitly specify the mapping between each TFCI and the CTFC and PDSCH channelisation code would be 210 x (A+B) = 1024 x (A+B), where A is the number of bits required to identify the PDSCH channelisation code and B is the number of bits required to identify the CTFC.    Where there are two different TFCS (one for DSCH TrCH's and one for DCH TrCH's) each with their own TFCI sub-field of 5 bits then the number of bits required in order to signal the mapping would be 2 x (25 x (A+B)) = 128 x (A+B).  For this reason we can expect a saving in  the signalling of mapping information by adopting the model with separate TFCS, one for DCH and one for DSCH.  This is the approach adopted in the remainder of the paper.  


� Note there is actually another alternative by which the PDSCH channelisation code mapping could be signalled.  In the example of Table 1, rather than defining 'for' loops via 'PDSCH code start' and 'PDSCH code stop'  another option would be simply to identify the PDSCH code tree root and then to specify a set of spreading factors.  In this case the UE would implicitly assume that all codes within the PDSCH code sub-tree at the defined SF are used (read in order from left to right), and the UE would again determine the corresponding mapping to TFCI(field 2) values implicitly from the order in which the SF's are signalled.  This would result in a more efficient coding (for this given usage of DSCH), but is less flexible than the use of 'for' loops, hence for this reason and in order to limit the number of signalling options we do not propose to additionally include this method. 
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A more detailed guide to the 3GPP drafting rules can be found on the 3GPP server at:



ftp://ftp.3gpp.org/information/drafting-rules.pdf

ANNEX A   
The CR cover sheet


This annex provides further information on how to fill out the cover sheet of a CR.


The header:


a)
The header, including the TSG or Working Group, the tdoc number (normally obtinaed from the 3GPP support team) and the meeting location and date.


The title box:


b)
The change request number. This is a 3 digit number and is allocated by the 3GPP support team project manager of the relevant WG. For GSM specifications, it is prefixed with an "A"


c)
The 3G or GSM specification number (e.g. 21.111 for 3G or 12.05 for GSM).


d)
The TSG or SMG plenary meeting to which this CR will be submitted to if it gets agreed at the WG meeting. 


e)
for approval/for information: one box only shall be marked with an "X"


Proposed change affects:


f)
At least one box shall be marked with an "X"


Source:


g)
The company name of the author of the CR. If the CR has already been agreed at a Working groups or sub working group, meeting, the subgroup name ( and Tdoc number) should be used instead.


Subject:


h)
One line (only) of concise text that describes the subject of the CR. Details should be put under "reason for change"



good examples:
"Clarification to FETCH command"






"Alignment of operation and parameter names"



recently used



bad examples:
"correction"






"editorial correction"






"correction to TS xxx.yy"






"various improvements"


Work item:



h)
The name of the 3G work item for which the CR is relevant.


Category and release:


i)
Choose one category only


Reason:


j)
This should be 1 to 10 lines of text that describes in further detail the reasons why the change is necessary and how the change is done.


Clauses Affected:


m)
Each subclause that is affected by the change should be listed here. New subclause number can be followed by " (new) ".


Other specs affected:


n)
Other 3G core specifications: to be used if the CR is linked to a CR for another 3G specification.
Other 2G core specifications: to be used if a CR is also needed for a GSM or other 2G specification.



MS test specifications: to be used if a change is needed to the MS test specifications.



BSS test specifications: to be used if a change is needed to the base station test specifications.



O&M specifications: to be used if a change is needed to O&M specifications.



When listing other CRs in part n) use, for example, the form "21.111-CR001" or "12.05-A123"


______________________________________


How to create a CR for 3G or SMG specifications.


File location: http://ftp.3gpp.org/information/3gCRF-??.doc
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