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A Mixed TTI TBF Configuration for Latency Reduction
1. Introduction
Reductions in latency were initially considered to be an enhancement that is critical for symmetrical conversational services.   However the feasibility study on EGDE Evolution (TR 45.912) considers the benefits of RTTI for non-real time applications as well. In fact, it is shown in the studies conducted on TCP/IP usage that unless the latency of the data service is improved, throughput enhancements such as downlink dual carrier and EGPRS2 will not be able to realize their full potential.  

Higher bandwidth applications would benefit from the use of RTTI TBFs.  However the full multislot capability of certain mobile stations cannot be exploited fully in a single TBF.  
2. Higher Bandwidth Application Support

An RTTI TBF by definition must have an even number of timeslots allocated in each TDMA frame.   When the maximum supported number of TX or RX timeslots is an odd number that is greater than or equal to three, then a single TBF allocated to use the full timeslot allocation possible for that mobile station would have to be allocated in BTTI mode.   Flexible Timeslot Assignment (FTA) brings more flexibility to assignments; however allocations are still limited by this restriction and the multislot capabilities of the MS.   
If a single application (for example FTP or HTTP) needs to benefit from RTTI and at the same time utilize the full multislot capability of the mobile (in the case where the maximum number of TX and/or RX slots is an odd number) the only way to do this currently is to support multiple TBFs.  However multiple TBF capability was developed primarily to support multiple PDP contexts, in order to be able to recognize that different PDP contexts might have different QoS and other parameters which would lead to perhaps different handling.  Moreover, this feature is not extensively implemented, and is complicated to support in the mobile station [see also TDoc G2-080162].  In addition to the restrictions caused by lack of adoption of this feature and predicted mobile complexity, the use of multiple TBFs for data from the same application also has the disadvantage that the upper layer application PDUs need to be split between two or more TBFs.  This adds additional complexity and signaling requirements.

Where all the data blocks are from the same application and need to be handled in the same manner, the MS should be able to exploit its full multislot capability while using reduced latency mode of operation for as much of the data as possible, without assigning multiple TBFs.  

3. Higher Bandwidth Applications Using RTTI and DLDC

The situation described in the previous section is further complicated when the mobile is supporting a downlink dual carrier configuration in addition to RTTI.  
In allocating resources for reduced latency, it is noted that PDCH-pairs are not allowed to be made across two carriers.  If the desired downlink RTTI allocation is symmetrical on each carrier, and could be for example three of five timeslots per carrier, then the mobile station could lose two slots of capability (i.e. the odd numbered slot on each DL carrier) because of the pairing restriction on allocations.  Even just considering EGPRS modulation and coding schemes, this could be as much as 100 kbps that is forfeited. 

4. The Mixed TTI Configuration to Maximum Use of RTTI for Higher Bandwidth Applications
This document proposes a mixed TTI (MTTI) TBF configuration to overcome these restrictions.  In a mixed TTI mode TBF, an odd allocated timeslot (or timeslots in a downlink dual carrier configuration) which cannot find a pair, carry a BTTI radio block.  Concurrently the remaining timeslot pairs in the single TBF assignment carry RTTI blocks.  The data throughput of the TBF is thereby increased by a radio block (or two in the case of downlink dual carrier) in a 20 ms basic radio block period in addition to the radio blocks transmitted in RTTI mode.  Mixed TTI configuration could also help in optimizing resource usage (in high traffic areas for example), i.e. the network can scavenge the odd slots while maintaining the benefits of RTTI.
5. Downlink MTTI Allocation Examples

The following patterns of allocations are possible for a mixed TTI (MTTI) configuration in the downlink direction within a single TBF while exploiting the full multislot capability of the mobile station.  The timeslots that are allocated a BTTI radio block are shown in pink, and the timeslot pairs that are allocated an RTTI radio block are shown in blue.
3+2 (DL+UL) (possible for multislot class 9,10,11,12,32 and higher except classes 35 and 40)
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In this assignment, PDCH 1 in the downlink carries the BTTI blocks, while PDCHs 2 & 3 form a PDCH-pair to carry RTTI blocks, in both the downlink and the uplink. Three radio blocks (2 RTTI + 1 BTTI) are transferred in the downlink direction in a 20 ms basic radio block period as opposed to 2 RTTI blocks with a 2+2 allocation.  PDCHs in opposite directions use the same TTI configuration.  The RTTI PACCH may be used in both directions, but the uplink RTTI PACCH must carry information about the BTTI blocks as well. This specific assignment could be shifted one timeslot to the left, or one, two, three or four timeslots to the right without changing the principles described.  Conventional dynamic allocation can be used for uplink allocation.   
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In this assignment, PDCH 0 in the downlink carries the BTTI blocks, while PDCHs 1 & 2 form a PDCH-pair to carry RTTI blocks in both the downlink and the uplink.  A second PDCH-pair formed of timeslots 3 & 4 is also assigned in the uplink.  Standard extended dynamic allocation can be used for uplink allocation. This assignment could be shifted to the right by one, two or three slots.  
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In this assignment, PDCH 0 in the downlink carries the BTTI blocks, while PDCHs 1 & 2 form a PDCH-pair to carry RTTI blocks in the downlink direction. Additionally, PDCHs 3 & 4 for a PDCH-pair to carry RTTI blocks in both the downlink and the uplink direction.  Standard dynamic allocation can be used for uplink allocation.  
6. Uplink MTTI Allocations 
Modification Proposed for Dynamic Allocation

With modified dynamic allocation (for MTTI TBF Mode only), the dynamic allocation procedure is modified to cover the use of  USFs for allocating mixed TTI configuration in the uplink.  The following allocations are possible using modified dynamic allocation:

a) In downlink basic radio block period N a USF is sent on the first slot of a downlink PDCH-pair that corresponds to an uplink PDCH-pair used for sending RTTI blocks and a USF is sent on a downlink slot that corresponds to an uplink slot used for sending BTTI blocks:  In uplink basic radio block period N+1 the MS will transmit a RTTI block on the corresponding uplink timeslot pair using the first two TDMA frames and a BTTI block on the corresponding uplink slot using all 4 TDMA frames.  

b)  In downlink basic radio block period N a USF is sent on the second slot of a downlink PDCH-pair that corresponds to an uplink PDCH-pair used for sending RTTI blocks and a USF is sent on a downlink slot that corresponds to an uplink slot used for sending BTTI blocks:  In uplink basic radio block period N+1 the MS will transmit a RTTI block on the corresponding uplink timeslot pair using the last two TDMA frames and a BTTI block on the corresponding uplink slot using all 4 TDMA frames.  

c) In downlink basic radio block period N a USF is sent on the first and second slots of a downlink PDCH-pair that corresponds to an uplink PDCH-pair used for sending RTTI blocks and a USF is sent on a downlink slot that corresponds to an uplink slot used for sending BTTI blocks:  In uplink basic radio block period N+1 the MS will transmit a first RTTI block on the corresponding uplink timeslot pair using the first two TDMA frames, a second RTTI block on the corresponding uplink timeslot pair using the last two TDMA frames, and a BTTI block on the corresponding uplink slot using all 4 TDMA frames.  

d) In downlink basic radio block period N a USF is sent only on a downlink slot that corresponds to an uplink slot used for sending BTTI blocks;  In uplink basic radio block period N+1 the MS will transmit a BTTI block on the corresponding uplink BTTI BTTI slot using all four TDMA frames.

Modification Proposed for Extended Dynamic Allocation

With modified extended dynamic allocation (for MTTI TBF Mode only), the extended dynamic allocation procedure is modified to cover the allocation of a mixed TTI TBF in the uplink.  Modified EDA can be used to perform allocation for uplink assignments which include at least one RTTI PDCH-pair of timeslots and at least one BTTI timeslot.  Some specific examples:

a) USF on the first slot of a PDCH pair of downlink slots corresponding with an assigned uplink RTTI PDCH pair, the USF sent over four downlink frames, allocates resources in the first two TDMA frames of the following basic radio block period on the corresponding uplink slot-pairs for RTTI transmission and all assigned uplink slot-pairs with higher numbered timeslots.  As well it allocates resources on an assigned uplink BTTI slot that is part of the MTTI TBF assignment and that has a higher timeslot number than any slot of the corresponding uplink slot-pair(s), for four TDMA frames beginning in the next radio block period (i.e. there will be one such BTTI at most).

b) USF on the second slot of a PDCH pair of downlink slots corresponding with an assigned uplink RTTI PDCH pair, the USF sent over four downlink frames allocates resources in the last two TDMA frames of the following basic radio block period on the corresponding uplink slot-pairs for RTTI transmission and all assigned uplink slot-pairs with higher numbered timeslots.  As well it allocates resources on an assigned uplink BTTI slot that is part of the MTTI TBF assignment and that has a higher timeslot number than any slot of the corresponding uplink slot-pair(s), for four TDMA frames beginning in the next radio block period.    

Examples of Uplink Allocations
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In this case PDCH-pair 1 & 2 carries RTTI blocks in the uplink and downlink directions, while PDCH 3 carries the BTTI blocks in the uplink direction.  In this case 3 blocks (as opposed to a RTTI only TBF with 2+2 allocation which gives only 2 blocks) are transmitted within a 20ms basic radio block period in the uplink direction using a mixed TTI TBF.  

The BTTI USF approach must be used to keep the uplink allocations of both RTTI and BTTI blocks on basic radio block period boundaries (20 ms).  Modified Extended allocation is used for uplink allocation.
3+3 (classes 32 and above except 35, 36 ,40 and 41)

Case 1:
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In this case PDCH-pair 1 & 2 carries RTTI blocks in the downlink direction, and PDCH-pair 2 & 4 carrier the RTTI blocks in the uplink direction, while PDCH 3 carries the BTTI blocks in the uplink direction.  In this case 3 blocks (as opposed to a RTTI only TBF with 2+2 allocation which gives only 2 blocks) are transmitted within a 20ms basic radio block period in both the downlink and the uplink direction using a mixed TTI TBF.  Modified dynamic allocation can be used for uplink allocation in this example.  
When the MS detects a USF on PDCH 1 (of the pair 1 & 2), it will transmit an RTTI block on PDCH-pair 2 & 4 in the first two TDMA frames and a BTTI block on PDCH 3 (on four TDMA frames) of the next basic radio block period. If the MS detects a USF on PDCH 2 (of the pair 1 & 2), it will transmit RTTI blocks on PDCH-pair 2 & 4 in the last two TDMA frames and BTTI blocks on PDCH 3 (on four TDMA frames) in next basic radio block period. If USF is detected on both the PDCH 1 & 2, then the MS will transmit two RTTI blocks on the first two and the last two TDMA frames on PDCH-pair 2 & 4 and one BTTI block on PDCH 3 on four TDMA frames of the next basic block period.  
Case 2:

	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4


In this case PDCH-pair 2 & 3 carries RTTI blocks in both the downlink and the uplink direction, while PDCH 4 carries the BTTI blocks in the uplink direction.  In this case 3 blocks (as opposed to a RTTI only TBF with 2+2 allocation which gives only 2 blocks) are transmitted within a 20ms basic radio block period in the both the downlink and the uplink direction using a mixed TTI TBF.  Modified extended dynamic allocation can be used for uplink allocation in this example.  

In this case, the BTTI block follows the PDCH pair in the uplink.  When the MS detects a USF on PDCH 2 (of the pair 2 & 3), it will transmit an RTTI block on PDCH-pair 2 & 3 in the first two TDMA frames and a BTTI block on PDCH 4 on four TDMA frames in the next basic radio block period.  If the MS detects a USF on PDCH 3 (of the pair 2 & 3), it will transmit an RTTI block on PDCH-pair 2 & 3 in the last two TDMA frames and a BTTI block on PDCH 4 on four TDMA frames in the next basic radio block period.     
4+3 (class 42, 43, 44, and 45)
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In this case PDCH 0 & 1 and 2 & 3 carry RTTI block in downlink and PDCH 2 &3 carry RTTI blocks and PDCH 4 carries BTTI blocks in the uplink direction. Modified extended dynamic allocation can be used, that is a USF on downlink slots 2 and/or 3 will allocate RTTI blocks on 2 & 3 on uplink and BTTI blocks on slot 4 in the uplink. 

2+5(class44,45) 
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In this case PDCH 0 & 1 form a PDCH-pair carrying RTTI blocks in the downlink direction, while PDCH 0 & 1 and PDCH 2 & 3 carry RTTI blocks in the uplink and PDCH 4 carries BTTI blocks in the uplink.  Modified extended dynamic allocation can again be used, that is a USF on downlink slots 0 and/or 1 will allocate RTTI blocks on 0 & 1 and 2 & 3 on uplink as well as BTTI blocks on slot 4 in the uplink. 

7. Application of MTTI to DTM 

DTM with MTTI TBF is applicable only for 3+4 and 4+3 allocations.   The CS slot is shown in yellow.   
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The downlink PDCH-pair timeslots correspond to a different set of PDCH for the uplink timeslot pair.   In the first case, modified Extended Dynamic Allocation can be used to allocate the BTTI timeslot in the uplink.   In the second case, standard Dynamic Allocation can be used to allocation the uplink timeslot pair.
8.  Implementation Considerations
· The RLC/MAC uplink/downlink assignment messages needs to be enhanced to allocate a mixed TTI TBF. This should indicate the odd slot which carries the BTTI blocks (reference [7]).  Right now the assignment messages assume either BTTI or RTTI (i.e. no mixing is possible) so this could be done by enhancing an RTTI assignment to indicate the presence of a BTTI slot as part of a specific TBF assignment.  This could also be realized with reduced flexibility where a BTTI slot can be assigned by having default locations based on the PDCH-pair assignments).
· The PDCHs allocated for a mixed mode TBF could be restricted to carry only BTTI USFs to schedule blocks for an uplink mixed TTI TBF, to ensure that uplink allocations of both BTTI and RTTI blocks fall on the basic 20ms block boundaries.
· The PACCH block can be sent in RTTI mode for a mixed TTI mode TBF in the uplink as well as the downlink direction. 
· The Mixed TTI TBF concept discussed above can also be applied to a (Dual downlink Carrier) DLDC configuration.
· Support of MTTI configuration needs to be signaled by the mobile station.
· Two options can be explored for one phase access for MTTI
a. The mobile just uses one phase access for RTTI configuration and the network can reconfigure the TBF to a MTTI configuration as needed and applicable at a later point in time.

b. The unused bits “111’ can be used to signal MTTI support during one phase access. The 16 multislot classes which can support one or more of the above defined MTTI allocations can be indicated based on a simple grouping of the multislot classes based on their RX, TX, SUM, Tra, Tta and the supported MTTI allocations. One such grouping is shown in Annex A.
9. Conclusion

The MTTI configuration described offers an alternative way for higher bandwidth applications (and not just real time applications) to benefit as much as possible from RTTI and at the same time exploit the full multislot capability of certain mobile station multislot classes.   In order to do this currently, Multiple TBFs would need to be established as per current specifications. However Multiple TBFs are targeted primarily for multiple PDP contexts and this also has the disadvantage of needing to split application layer data between multiple TBFs, as well as needing to support the additional signaling associated with a multiple TBFs.   The MTTI configuration allows more flexibility in full multislot capability assignments.
. 
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11. Annex A: One phase access support for MTTI.

	MS Capability
	Multislot classes
	Supported MTTI allocations

	000
	9-10
	3+2

	001
	11
	3+2, 2+3

	010
	12
	3+2, 2+3 (1)

	011
	31 36 41
	3+2 (2)

	100
	32 33 34
	3+2, 2+3,3+3

	101
	37 38 39
	3+2, 2+3, 3+3

	110
	42-45
	All MTTI allocations


Note1: Class 12 is separated from other low multislot class since it has different Tta than others

Note2: The high multislot classes are grouped based on their Tra, Tta and the MTTI allocations supported.


































