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RTTI Assignments
1 Introduction

This paper describes how existing assignment messages can be modified to incorporate RTTI assignments.

2 Required Information

Considering an uplink assignment, the information required by the mobile is:


- the pair(s) of UL timeslots which make up the assignment


- the pair(s) of DL timeslots on which the USF will be sent


- the USF for each UL pair

- (BTTI USF only) the second USF for each UL pair (corresponding to the second 10ms period)

- the correspondence between UL timeslot pairs and DL timeslot pairs (i.e. for a USF received on a particular DL timeslot pair, on which UL pair can the mobile transmit)

Considering a downlink assignment, the information required by the mobile is:


- the pair(s) of DL timeslots on which the data will be sent


- the pair(s) of UL timeslots on which responses to polls should be sent

- the correspondence between UL timeslot pairs and DL timeslot pairs (i.e. for a poll received on a particular DL timeslot pair, on which UL pair can the mobile transmit)

2.1 Pairs of TS (UL and DL assignments)
A simple bitmap can easily and unambiguously show the pairs of timeslots making up an assignment. 

e.g.  01101111 could indicate pairs on TS {1,2} , {4,5} and {6,7}.

The rules for encoding/decoding the bitmap are as follows:

PDCH-pairs use the 2 timeslots for which consecutive (but not necessarily contiguous) bits in the bitmap are 1.

Note that this requires the (obvious and trivial) assumption that PDCH-pairs cannot 'split' each other e.g. pairs using {1,3} and {2,4} are not possible.

Also note that, since there must be an even number of 1's in the bitmap, it is not strictly necessary to include the last bit (it can be inferred from the remaining bits).

Since it is not required that UL and DL assignments be identical, it could be possible that the bitmap indicates PDCH-pairs which are not part of the assignment but are used in the opposite direction for signalling.

e.g. consider the following combination:

DL assignment on TS {0,1} {2,3}, where poll responses are to be sent on TS {0,1} {3,4}.
UL assignment on TS {0,1} only.

The MS needs to know about the existence of the UL PDCH-pair {3,4}, even though this isn't part of the UL assignment, so the following bitmaps must be sent:

DL : 11110000


UL : 11011000

2.2 USFs for each pair (UL assignments)
USF values can be coded in the existing manner (i.e. 3-bits).

Note that the total number of USFs to be encoded could be quite variable:

- single carrier, RTTI USF: no more than four USF values are needed (there can be no more than four UL PDCH-pairs)

- single carrier, BTTI USF: up to eight USF values could be needed (2 per PDCH-pair)

- dual carrier: double the number above

Furthermore, the number of USFs cannot exceed the number of UL PDCH-pairs specified in the bitmap.

The total range is therefore 1 – 16 USF values needed.

Two approaches can be used to identify which particular PDCH-pair a USF applies to:

a. by reference to the timeslot used in the PDCH pair (in BTTI USF mode, the first timeslot refers to the first 10ms period; the second timeslot refers to the second 10ms period)
b. by reference to the PDCH-pair (with 2 USF values per PDCH-pair being required in the case of BTTI USF).
Note that for UL-only assignments, the use of a) above would not mean that the UL PDCH-pairs bitmap described above would not need to be sent. For example, if the USF on TS 4 is specified, the second timeslot making up the PDCH-pair is not known.  Then, the combination of bitmap plus approach a) results in redundant information being sent.

One possible efficient solution is to use a style similar to that used in mTBF assignment messages in conjunction with approach b).  Since the MS knows the maximum number m of USF values it can expect (for RTTI USF = number of UL PDCH-pairs x 1 ; for BTTI USF = number of UL PDCH-pairs x 2), the following CSN.1 coding could be used:

{ 0  

-- no assignment on this PDCH-pair


| 1 < USF : bit (3) > } ** m

This would yield a single, efficient approach for all of the possibilities described above.

Note that the ' 0 | 1 ' option is required a) because a PDCH-pair might be described in the bitmap, even though no UL data resources are assigned to it (see above), or b) because in the case of BTTI, an assignment might be made on only one of the two possible radio blocks in a pair.
2.3 DL PDCH-pairs assignment

In the same way that uplink PDCH-pairs may be included in the bitmap, even though there is no actual assignment, it is also possible that DL PDCH-pairs are included in the bitmap (to indicate where USFs are sent) even though these are not in the assignment.  Therefore, an additional bitmap is needed to indicate whether PDCH-pairs are actuallly part of the assignment or not.
This would be a variable length bitmap, containing one bit per DL PDCH-pair; a 1 indicating that the PDCH-pair is included in the assignment, a 0 indicating not.

2.4 Correspondence of PDCH-pairs
In a DL + UL assignment, it is presumed that the same correspondence between UL and DL will apply both to the UL assignment and to the DL assignment (e.g. if, for the UL assignment, a USF sent on TS 1,2 signals permission to transmit on UL TS 0,1, then similarly, a poll sent on TS 1,2 should trigger a poll response on UL TS 0,1).

Furthermore, it is expected that in many cases (basically, when there is no DTM user present), the correspondence will be exact (i.e. TS n, n+1 on DL corresponds to TS n, n+1 on UL), and in the remaining cases, will be trivial (e.g. TS n, n+1 on DL corresponds to TS n+1, n+2 on UL).
It is also to be observed that fully-flexible, arbitrary correspondence rules would require a huge number of bits to signal.

It is therefore proposed to use simple rules to allow the mobile to determine the correspondence of PDCH-pairs.

e.g. considering an UL PDCH-pair on timeslot {i,j}, the corresponding DL PDCH pair will be:


- the one using timeslots {i, j} ; else, if that does not exist,


- the one using timeslots {i-1, i}; else, if that does not exist,


- the one using timeslots {i-2, i}; else, if that does not exist,


- ??? (are there any other combinations likely?)

This covers the following scenarios that could arise when DTM is used:
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It is of course permitted that, for a given PDCH-pair, there is no corresponding pair in the opposite direction.  The implications of this are:


- for a DL PDCH-pair with no corresponding UL PDCH-pair: the network may not 


poll on that DL pair


- for an UL PDCH-pair with no corresponding DL PDCH-pair: EDA must be used to 


schedule transmissions.

3 Defaults

As mentioned above, it is likely that in the majority of cases, PDCH-pairs will be aligned according to a default alignment, with PDCH-pairs on TNs {0,1}, {2,3}, {4,5}, {6,7}. It is therefore proposed to include an option to encode this situation very efficiently (i.e. without needing the bitmap).
If this coding is used, then obviously the number of PDCH-pairs is 4 per carrier; this will determine the length of the downlink assignment bitmap / uplink USF assignment loop.

4 Conclusion

This paper has investigated the information that the MS needs to know in order to unambiguously determine the PDCH-pairs which form part of its assignment, as well as those required for control purposes (USF, uplink PACCH) which may not necessarily form part of the assignment.
Annex: Changes to Packet Timeslot Reconfigure message

11.2.31
Packet Timeslot Reconfigure

This message is sent on the PACCH by the network to the mobile station to assign uplink and downlink resources. If the mobile station supports Downlink Dual Carrier, this message may be sent using extended RLC/MAC control message segmentation (see sub-clause 9.1.12a). A mobile allocation or reference frequency list received as part of this assignment message shall be valid until a new assignment is received or each TBF of the MS are terminated.

Message type:
PACKET TIMESLOT RECONFIGURE

Direction:
network to mobile station

Classification:
non-distribution message

Table 11.2.31.1: Packet TIMESLOT RECONFIGURE information elements

	< Packet Timeslot Reconfigure message content > ::=


< PAGE_MODE : bit (2) >


{
0 < GLOBAL_TFI : < Global TFI IE > >



{ 0

-- Message escape



{
< CHANNEL_CODING_COMMAND : bit (2) >





< Global Packet Timing Advance : < Global Packet Timing Advance IE > >





< DOWNLINK_RLC_MODE : bit (1) >





< CONTROL_ACK : bit (1) >





{ 0 | 1 < DOWNLINK_TFI_ASSIGNMENT : bit (5) > }





{ 0 | 1 < UPLINK_TFI_ASSIGNMENT : bit (5) > }





< DOWNLINK_TIMESLOT_ALLOCATION : bit (8) >





{ 0 | 1
< Frequency Parameters : < Frequency Parameters IE > > }





0



-- The value '1' was allocated in an earlier version of the protocol and shall not be used.





< Dynamic Allocation : < Dynamic Allocation struct > >





{ null | 0 bit** = < no string >


-- Receiver backward compatible with earlier version






| 1





-- Additions for R99





{ 0 | 1 < Packet Extended Timing Advance : bit (2) > }






{ null | 0 bit** = < no string >

-- Receiver backward compatible with earlier version







| 1





-- Additions for REL-5






{ 0 | 1
< RB Id of downlink TBF : bit (5) >









< RB Id of uplink TBF: bit (5) > } 







{ 0 | 1
< Uplink Control Timeslot : bit (3) > }







{ null | 0 bit** = <no string>
-- Receiver backward compatible 








| 1 



-- Additions for REL-6








{ 0 | 1 
< PFI of downlink TBF : bit (7) > }







{ 0 | 1
< PFI of uplink TBF : bit (7) > } 








{ 0 | 1
< UPLINK_RLC_MODE : bit (1) > }






< padding bits > } } } 





! < Non-distribution part error : bit (*) = < no string > > }



| 1



-- Message escape bit used to define EGPRS message contents




{ 00 {
{ 0 | 1 < COMPACT reduced MA : < COMPACT reduced MA IE >> }






< EGPRS Channel Coding Command : < EGPRS Modulation and Coding Scheme IE >>






< RESEGMENT : bit (1) >






{ 0 | 1 < DOWNLINK EGPRS Window Size : < EGPRS Window Size IE > > }






{ 0 | 1 < UPLINK EGPRS Window Size : < EGPRS Window Size IE > > }






< LINK_QUALITY_MEASUREMENT_MODE : bit (2) >






< Global Packet Timing Advance : < Global Packet Timing Advance IE > >






{ 0 | 1 < Packet Extended Timing Advance : bit (2) > }






< DOWNLINK_RLC_MODE : bit (1) >






< CONTROL_ACK : bit (1) >






{ 0 | 1 < DOWNLINK_TFI_ASSIGNMENT : bit (5) > }






{ 0 | 1 < UPLINK_TFI_ASSIGNMENT : bit (5) > }






< DOWNLINK_TIMESLOT_ALLOCATION : bit (8) >






{ 0 | 1
< Frequency Parameters : < Frequency Parameters IE > > }






0


-- The value '1' was allocated in an earlier version of the protocol and shall not be used.






< Dynamic Allocation : < Dynamic Allocation struct > >











{ null | 0 bit** = < no string >
-- Receiver backward compatible with earlier version






| 1





-- Additions for REL-5






{ 0 | 1
< RB Id of downlink TBF : bit (5) >









< RB Id of uplink TBF: bit (5) > }







{ 0 | 1
< Uplink Control Timeslot : bit (3) > }







{ null | 0 bit** = <no string>
-- Receiver backward compatible 








| 1 




-- Additions for REL-6








{ 0 | 1 
< PFI of downlink TBF : bit (7) > }







{ 0 | 1
< PFI of uplink TBF : bit (7) > } 








{ 0 | 1
< UPLINK_RLC_MODE : bit (1) > }









{ null | 0 bit** = < no string > -- Receiver backward compatible with earlier version










| 1 


-- Additions for REL-7










{ 0 | 1
< NPM Transfer Time : bit (5) > }









{ 0 

-- Fast Ack/Nack Reporting is not used for the downlink TBF; this value shall be  










-- indicated if a downlink TBF is not addressed










| 1

-- Fast Ack/Nack Reporting is used for the downlink TBF










< FANR_TFI_UPLINK_MODE: bit (1) >










< EVENT_BASED_FANR: bit (1) > }









< FANR: bit (1) >
-- Fast Ack/Nack Reporting for the uplink TBF; the value of this 















-- field shall be considered only valid if an uplink TBF is addressed










{ 0 | 1 < Dual Carrier Assignment Info : < Dual Carrier Assignment Info struct > > }





< padding bits > } } }






! < Non-distribution part error : bit (*) = < no string > > }




-- note – no changes to legacy section; all Rel-7 features below!:



| 01 {
< EGPRS Channel Coding Command : < EGPRS Modulation and Coding Scheme IE >>






< RESEGMENT : bit (1) >






{ 0 | 1 < DOWNLINK EGPRS Window Size : < EGPRS Window Size IE > > }






{ 0 | 1 < UPLINK EGPRS Window Size : < EGPRS Window Size IE > > }






< LINK_QUALITY_MEASUREMENT_MODE : bit (2) >






< Global Packet Timing Advance : < Global Packet Timing Advance IE > >






{ 0 | 1 < Packet Extended Timing Advance : bit (2) > }






< DOWNLINK_RLC_MODE : bit (1) >






< CONTROL_ACK : bit (1) >






{ 0 | 1 < DOWNLINK_TFI_ASSIGNMENT : bit (5) > }






{ 0 | 1 < UPLINK_TFI_ASSIGNMENT : bit (5) > }






{ 0 


-- 0 indicates BTTI 






TIMESLOT_ALLOCATION_C1 : bit (8) >






{ 0 | 1 TIMESLOT_ALLOCATION_C2 : bit (8) > }





| 1 

-- RTTI mode






< RTTI_USF_MODE : bit (1) >



{ 00

-- default single-carrier PDCH-pair configuration




| 01

-- default dual-carrier PDCH-pair configuration






| 10
< DOWNLINK_PDCH_PAIRS_C1 : bit (8) > 






{ 0 |  1 < DOWNLINK_PDCH_PAIRS_C2 : bit (8) } }






< UPLINK_PDCH_PAIRS_C1 : bit (8) >






{ 0 |  1 < UPLINK_PDCH_PAIRS_C2 : bit (8) } 



! < PDCH pairs configuration error : { 1 1 } bit (*) = < no string > } -- reserved







-- PDCH_PAIR_ALLOCATION indicates which downlink PDCH pairs are actually in the 






-- assignment







< RTTI_DOWNLINK_PDCH_PAIR_ASSIGNMENT: bit (n) > -- n is total number of DL PDCH pairs






{ 00

-- No frequency parameters included





| 01

-- Legacy IEs used






{ 0 | 1 < Frequency Parameters C1 : < Frequency Parameters IE > > }






{ 0 | 1 < Frequency Parameters C2 : < Frequency Parameters IE > > }





| 10

-- Optimized Dual Carrier frequency parameters used 







 < Dual Carrier Frequency Parameters : < Dual Carrier Frequency Parameters IE > > 






! < Frequency Parameters error: { 11 } bit(*) = < no string> > } -- reserved for future used





< Release 7 Dynamic Allocation: < Release 7 Dynamic Allocation struct > >





{ 0 | 1
< Uplink Control Timeslot C1 : bit (3) > }






{ 0 | 1
< Uplink Control Timeslot C2 : bit (3) > }






{ 0 | 1 
< PFI of downlink TBF : bit (7) > }





{ 0 | 1
< PFI of uplink TBF : bit (7) > } 






{ 0 | 1
< UPLINK_RLC_MODE : bit (1) > }






{ 0 | 1
< NPM Transfer Time : bit (5) > }






{ 0 

-- Fast Ack/Nack Reporting is not used for the downlink TBF; this value shall be  










-- indicated if a downlink TBF is not addressed






| 1

-- Fast Ack/Nack Reporting is used for the downlink TBF






< FANR_TFI_UPLINK_MODE: bit (1) >






< EVENT_BASED_FANR: bit (1) > }





< FANR: bit (1) >
-- Fast Ack/Nack Reporting for the uplink TBF; the value of this 















-- field shall be considered only valid if an uplink TBF is addressed




< padding bits > 






! < Non-distribution part error : bit (*) = < no string > > }




! < Message escape : { 10 | 11} bit (*) = <no string> > }} -Extended for future changes


! < Address information part error : bit (*) = < no string > > }


! < Distribution part error : bit (*) = < no string > > ;



	<Dynamic Allocation struct > ::=


< EXTENDED_DYNAMIC_ ALLOCATION : bit (1) >


{ 0 | 1 < P0 : bit (4) > 




< PR_MODE : bit(1) > }


< USF_GRANULARITY : bit (1) >


0





-- The value '1' was allocated in an earlier version of the protocol and shall not be used.


{ 0 | 1 < TBF Starting Time : < Starting Frame Number Description IE > > }


{ 0





-- Timeslot Allocation


{ 0 | 1 < USF_TN0 : bit (3) > }



{ 0 | 1 < USF_TN1 : bit (3) > }



{ 0 | 1 < USF_TN2 : bit (3) > }



{ 0 | 1 < USF_TN3 : bit (3) > }



{ 0 | 1 < USF_TN4 : bit (3) > }



{ 0 | 1 < USF_TN5 : bit (3) > }



{ 0 | 1 < USF_TN6 : bit (3) > }



{ 0 | 1 < USF_TN7 : bit (3) > }


| 1





-- Timeslot Allocation with Power Control Parameters


< ALPHA : bit (4) >



{ 0 | 1
< USF_TN0 : bit (3) >





< GAMMA_TN0 : bit (5) > }



{ 0 | 1
< USF_TN1 : bit (3) >





< GAMMA_TN1 : bit (5) > }



{ 0 | 1
< USF_TN2 : bit (3) >





< GAMMA_TN2 : bit (5) > }



{ 0 | 1
< USF_TN3 : bit (3) >





< GAMMA_TN3 : bit (5) > }



{ 0 | 1
< USF_TN4 : bit (3) >





< GAMMA_TN4 : bit (5) > }



{ 0 | 1
< USF_TN5 : bit (3) >





< GAMMA_TN5 : bit (5) > }



{ 0 | 1
< USF_TN6 : bit (3) >





< GAMMA_TN6 : bit (5) > }



{ 0 | 1
< USF_TN7 : bit (3) >





< GAMMA_TN7 : bit (5) > } } ;



	<Release 7 Dynamic Allocation struct > ::= 


< EXTENDED_DYNAMIC_ALLOCATION : bit (1) >


{ 0 | 1 < P0_C1 : bit (4) > 



< PR_MODE_C1 : bit (1) > 



{ 0 | 1 < P0_C2 : bit (4) > 





< PR_MODE_C2 : bit (1) > } }


< USF_GRANULARITY : bit (1) >


{ 0 | 1 < UPLINK_TFI_ASSIGNMENT : bit (5) > }


{ 0





-- Timeslot Allocation


{ 0 | 1 < USF : bit (3) > } ** m – repeated once for every timeslot (BTTI) or PDCH pair (RTTI 





with RTTI USF); twice for every PDCH pair (RTTI with BTTI USF)
















| 1





-- Timeslot Allocation with Power Control Parameters


< ALPHA_C1: bit (4) >



{ 0 | 1
< USF: bit (3) > } ** m


 { < GAMMA: bit (5) > } ** n
-- repeated once for every timeslot (BTTI) or PDCH pair (RTTI,






-- regardless of USF mode) for which a USF is assigned
















{ 0 | 1 < ALPHA_C2: bit (4) > }



















Description of IEs:

DOWNLINK_PDCH_PAIRS_C1
DOWNLINK_PDCH_PAIRS_C2

These specify the set of downlink PDCH pairs. The first PDCH pair comprises the two lowest-numbered timeslots for which the corresponding bits are set to '1'; the next PDCH pair comprises the next two lowest-numbered timeslots for which the corresponding bits are set to '1', and so on.
Note that not all downlink PDCH pairs are necessarily including in the assignment for the downlink TBF.

UPLINK_PDCH_PAIRS_C1

UPLINK_PDCH_PAIRS_C2

These specify the set of uplink PDCH pairs. The first PDCH pair comprises the two lowest-numbered timeslots for which the corresponding bits are set to '1'; the next PDCH pair comprises the next two lowest-numbered timeslots for which the corresponding bits are set to '1', and so on.

Note that not all uplink PDCH pairs are necessarily including in the assignment for the downlink TBF.

RTTI_DOWNLINK_PDCH_PAIR_ASSIGNMENT
This specifies which of the downlink PDCH pairs are included in the assignment for the downlink TBF. If the nth bit in this bitmap is set to '1', then the nth downlink PDCH pair specified in the DOWNLINK_PDCH_PAIRS_C1 or DOWNLINK_PDCH_PAIRS_C2 bitmap is included in the downlink assignment.
USF
The USF struct is repeated to specify the USF(s) for each uplink PDCH pair specified in the UPLINK_PDCH_PAIRS_C1 and UPLINK_PDCH_PAIRS_C2 (in an RTTI assignment) or for each timeslot specified in the TIMESLOT_ALLOCATION_C1 and TIMESLOT_ALLOCATION_C2 bitmaps.
In a RTTI assignment using RTTI USF mode, the struct is repeated once for each uplink PDCH pair. If a USF is specified for a PDCH pair, then that PDCH pair is included in the uplink assignment. 
In a RTTI assignment using BTTI USF mode, the struct is repeated twice for each uplink PDCH pair. The presence or absence of a USF in the first (respectively second) instance of this struct corresponding to a particular uplink PDCH pair indicate whether or not the first (respectively second) RTTI radio block period is included in the assignment.

