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MTTI – Benefits & simplified configurations

1. Introduction
In GERAN#41, a proposal for MTTI in GERAN was made. This paper further highlights the benefits of the solution, and proposes an approach to standardising the feature using the minimum specification complexity and signalling overhead, while permitting the expected benefits to be realised.
2. Overall proposal: MAC/RLC procedures & architecture

In order to avoid any misunderstanding of the overall proposal, the following clarifications are highlighted.  First, there is no change to the 1-MAC / 1-RLC overall structure.  The relationship between MAC and RLC is shown below together with, for context, multiple TBF, EMST, and existing single TBF.
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Figure 1 - Single TBF (left) + MTTI configuration (right)
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Figure 2 - Non-MTTI Multiple TBF (left) + Non-MTTI EMST (right)

Note that it would be possible to allow MTTI EMST assignments with no changes to the existing proposal or to the EMST proposal, since in MTTI, the entire MAC entity is seen as a single entity (albeit accessing both RTTI and BTTI resources).
Furthermore, it should be pointed out that no changes are required to any QoS or other higher-layer considerations, except to note that the QoS achievable by an MTTI assignment will never be less than that achieved with an RTTI assignment to the same mobile (as will be shown below).
Since benefits shown below apply equally to EMST and non-EMST scenarios, it is intended to accept a comment received at the previous meeting noting that neither the support (capability) and application of MTTI need to be linked to EMST.
3. Benefits
The key benefits here is simply to remove the restriction associated with RTTI improvements whereby assignments and allocations must include pairs (and therefore even numbers) of timeslots. Currently, this limits the bandwidth achievable in RTTI configurations.
3.1. Bandwidth for mobiles supporting odd numbers of slots

Many multiclass restriction limit either transmit or receive (or both) to an odd number of timeslots. The affected restrictions are shown below (omitting
 Type 2 mobiles and class 19-29). 

Table 1 (taken from Table B.1, 45.002)
	Multislot class
	Maximum number of slots
	Minimum number of slots
	Type

	
	Rx
	Tx
	Sum
	Tta
	Ttb
	Tra
	Trb
	

	3
	2
	2
	3
	3
	2
	3
	1
	1

	4
	3
	1
	4
	3
	1
	3
	1
	1

	5
	2
	2
	4
	3
	1
	3
	1
	1

	6
	3
	2
	4
	3
	1
	3
	1
	1

	7
	3
	3
	4
	3
	1
	3
	1
	1

	8
	4
	1
	5
	3
	1
	2
	1
	1

	9
	3
	2
	5
	3
	1
	2
	1
	1

	10
	4
	2
	5
	3
	1
	2
	1
	1

	11
	4
	3
	5
	3
	1
	2
	1
	1

	12
	4
	4
	5
	2
	1
	2
	1
	1

	30
	5
	1
	6
	2
	1
	1
	1
	1

	31
	5
	2
	6
	2
	1
	1
	1
	1

	32
	5
	3
	6
	2
	1
	1
	1
	1

	33
	5
	4
	6
	2
	1
	1
	1
	1

	34
	5
	5
	6
	2
	1
	1
	1
	1

	35
	5
	1
	6
	2
	1
	1+to
	1
	1

	36
	5
	2
	6
	2
	1
	1+to
	1
	1

	37
	5
	3
	6
	2
	1
	1+to
	1
	1

	38
	5
	4
	6
	2
	1
	1+to
	1
	1

	39
	5
	5
	6
	2
	1
	1+to
	1
	1

	40
	6
	1
	7
	1
	1
	1
	to
	1

	41
	6
	2
	7
	1
	1
	1
	to
	1

	42
	6
	3
	7
	1
	1
	1
	to
	1

	43
	6
	4
	7
	1
	1
	1
	to
	1

	44
	6
	5
	7
	1
	1
	1
	to
	1

	45
	6
	6
	7
	1
	1
	1
	to
	1


In other words, every multislot class (with the trivial exception of class 5) can benefit from this improvement. 

3.2. No degradation of latency

In previous meetings, a concern was raised that this would provide worse latency than the existing RTTI solution.

In this section, it is clarified that no such degradation will occur.  This is because MTTI provides additional bandwidth so that in a given period of time, more radio blocks can be transmitted than with RTTI alone.

As part of the proposal, the mobile is mandated to prioritise transmissions using allocated RTTI resources before using allocated BTTI resources – this ensures that, in the case where the mobile has fewer blocks to send than it has allocated resources, the latency of those blocks is not reduced, compared with an RTTI-only configuration.
The example in Figure 3 considers a class 30-39 mobile receiving on multiple timeslots using the largest RTTI configuration and the largest MTTI configuration.

The example below shows that, for any class 30-39 mobile, the use of MTTI a) does not increase the latency of any individual block, and b) improves the overall latency, reducing the time required to send the 7 buffered blocks by 10ms (or 25%).  For larger transmissions, the percentage reduction in latency (which is independent of the absolute amount of data being transmitted) is 20% (± rounding).

Note that for smaller data transmissions the percentage improvement can be greater – if only 5 blocks were to be sent, the improvement would have been 33%.

Similarly, the percentage improvement for lower multislot classes will be much higher – on average, 33% for classes 6,7 and 9.


[image: image3.emf]Buffered blocks

A

B

C

D

10ms

Blocks to higher layers 

(RTTI):

Blocks to higher layers 

(MTTI):

A

B

A, B

C

D

E

F

C, D

E

F

E,F

C

G

G

A, B

C, D,E

F, G

G

Blocks to higher layers 

(BTTI):

A

B

C

D

E

F

G

A, B, C, 

D, E

F, G

A

B

D

E

F

G

time


Figure 3 - Improvement of latency using MTTI
3.3. Avoids Bandwidth vs. Latency trade-off

Currently, in many cases
, a network making an initial assignment to an RTTI-capable mobile must evaluate the trade-off between latency and bandwidth: an RTTI assignment provides initial reduced latency (for small transfers, see Figure 3 above), while BTTI provides long-term higher bandwidth.

This trade-off is particularly challenging since the sensitivity of application-layer (e.g. TCP) performance to round-trip time can vary over a connection: initially, a lower round-trip time allows the window size to increase rapidly; after this phase, bandwidth is more important than round-trip time.

The use of an MTTI assignment in this case yields the benefits of both higher bandwidth and reduced latency, without compromising the latency experienced by any individual block, as shown above.
4. Limiting complexity
Taking into account the existing complexity of RTTI assignments, it is important not to add excessive complexity in either the specifications or the mobile station implementation by the introduction of MTTI configurations.

It is therefore proposed to limit valid MTTI assignments/allocation to the following: any valid RTTI assignment/allocation, with an additional PDCH using the timeslot either immediately to the left of or immediately to the right (respectively left) of the lowest-numbered (respectively highest-numbered) timeslot used in the RTTI configuration.

Examples are shown below:
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Considering that it is expected that non-contiguous PDCH-pairs will be rarely used, and even then, will only apply in DTM cases (i.e. where the CS timeslot falls between two PDCHs within a pair) the possibility to have a BTTI PDCH in the middle of a PDCH-pair seems unnecessary.

As can be seen from the attached CRs, this low-complexity solution requires a trivial amount of additional signalling to the various assignment messages.
5. Downlink Dual Carrier
The assignment messages for downlink dual carrier assignments already have the capability to modify MAC-layer resources carrier-wise (i.e. it is possible to modify/add resources to one carrier without modifying those on the other carrier).  It therefore does not require any modifications to the signalling to allow the network to assign BTTI resources on one carrier, and RTTI resources on a second carrier, by using two separate assignment messages.

This approach would provide greater flexibility of assignment in case not all TRXs are upgraded to support RTTI.

Therefore, in addition to the configuratons permitted in section 4, it is proposed to additionally permit MTTI assignments where one carrier uses exclusively BTTI and the other carrier uses either exclusively RTTI or a combination of RTTI and BTTI (in which case the assignment on that carrier must comply with the rules indicated in section 4).
6. Conclusion
This paper has presented an overall architecture view of MTTI (noting that its impacts here are small, compared to EMST or MTBF). It has then highlighted the benefits, which have been shown applicable to every multislot class except one.  Finally, a low-complexity solution has been proposed, limiting the allowed configurations, and thereby significantly simplifying the signalling.
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� including any downlink assignment to a class 30-39 mobile
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