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MTTI – Overview and benefits
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.
This paper is an update of [2], with changes highlighted.
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).
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 restrictions limit either transmit or receive (or both) to an odd number of timeslots. The exact cases where there are benefits depends on the multislot capabilities of the mobile, the MAC protocol (DA vs. EDA), and whether FTA and/or EFTA are applicable. Examples of multislot classes that can benefit from this solution are given below.
Non-FTA / Non-EFTA, EDA, UL + DL assignments

Class 9,10,11,12: 
max DL bandwidth (RTTI only) = 2




max DL bandwidth (MTTI) = 3


e.g. class 10, 
RTTI only can have DL = {1+2} ; UL = {1+2}  (TNs)




MTTI can have DL = { 0, 1+2 }; UL = {1+2}  

Class 11,12:

max UL bandwidth (RTTI only) = 2




max UL bandwidth (MTTI) = 3


e.g. class 12, 
RTTI only can have DL = {1+2} ; UL = {1+2}  




MTTI can have DL = {1+2}; UL = {1+2, 3}  

Class 32, 33:

max "balanced" bandwidth (UL & DL equal) (RTTI only) = 2 + 2




max "balanced" bandwidth (MTTI only) = 3 + 3 

EFTA/FTA, EDA, UL + DL assignments

Class 12:
Although the maximum bandwidth assignment (4+4) can be made using RTTI-only, an MTTI configuration of 3+4 or 4+3 may be beneficial since it would allow 3 uplink timeslots without impacting the ability of the mobile to decode subsequent downlink timeslots within its assignment:
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Figure 3 – 4+4 assignment; receiving on TN0 not always possible
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Figure 4 - 4+3 assignment; receiving on TN0 always possible
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Figure 5 - 3+4 assignment
Class 31-34, 36-39: MTTI allows maximum downlink assignment of 5 (max with RTTI = 4).

e.g. Class 32:
5+3 assignments are possible with MTTI (max with RTTI = 4+2), allowing allocations of 5+1, 5+0, 2+3 which are not possible with RTTI only.

EFTA:
Here, MTTI can allow the flexibility similar to that shown in Figures 3-5 to ensure that DL TN0 can always be read.


e.g. class 26, Tra = 2; 8 + 3 or 7+4 assignment may be preferable to 8+4 assignment.

This flexibility available with MTTI may also allow greater scope for improved utilization by means of more efficient (block-by-block) allocations.

Any class with an odd tx capability (32/34/37/39/42/44) will also benefit from the additional uplink timeslot that is possible with MTTI.
DLDC:

In general, cases where the downlink bandwidth can be increased by one slot in a single carrier configuration will result in an increase of two slots using DLDC + MTTI.

For downlink dual carrier, there arise further cases where MTTI allows optimum downlink assignment where the total downlink assignment is limited to an odd number of timeslots in total due to the possibility of a non-zero "Multislot Capability Reduction for Downlink Dual Carrier"

e.g. class 35 with a reduction of 1, in (E)FTA may be assigned only 8 downlink timeslots in total (using only RTTI), but may be assigned 9 downlink timeslots using MTTI.
Further significant benefits for DLDC arise where different TRXs in a cell have different capabilities: MTTI would allow a combination of RTTI-capable TRXs and legacy TRXs to be used in a joint assignment to a single mobile station.

3.2. No degradation of latency

In this section, it is clarified that no degradation of latency will occur due to the use of MTTI compared with either BTTI or RTTI.  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 6 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 9-12.
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Figure 6 - 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 6 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 immediately to the left of (or, respectively, to the right 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 (although this could yield benefits in some scenarios).

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. Link adaptation & measurement considerations
6.1. Downlink channels

In general, it is considered that the combination of RTTI and BTTI resources will have a negligible impact on link adaptation performance, with any degradation in any case being outweighed by the increased bandwidth available. In general, RTTI and BTTI resources are expected to exhibit similar performances; although BTTI may perform marginally better (due to improved time diversity).
Per-timeslot reporting can be easily extended to cover MTTI assignments. Considering the four options for the LINK_QUALITY_MEASUREMENT field:
bit

2 1

0 0
The mobile station shall not report either interference measurements ( values) or per slot BEP measurements.  -( MTTI solution: no change
0 1
The mobile station shall report available interference measurements ( values) for timeslots 0 through 7. The  value is defined in 3GPP TS 45.008. No per slot mean BEP measurements shall be reported. ( MTTI solution: no change; as today, for BTTI timeslots, _TNn is used (n is the timeslot); for RTTI timeslots, _TNx is used where x is the lower numbered timeslot of each reported timeslot pair.
1 0
The mobile station shall report the mean BEP on each assigned time slot. <…>. -( MTTI solution: no change (see above for reporting PDCH pairs)
1 1
The mobile station shall report the mean BEP on each assigned time slot. <…>. -( MTTI solution: no change (see above for reporting PDCH pairs)
Average reporting: It is considered that there is no problem from combining results from RTTI and BTTI timeslots in the same measurement value, since variations in interference across different timeslots – which arises today even in all-RTTI / all-BTTI assignments – would likely be significantly higher than any effect due to the different relative performance of RTTI vs. BTTI coding.

6.2. Uplink channels

There will remain a single commanded MCS for uplink TBFs (to be applied on both RTTI and BTTI resources). As today, the link adaptation must take into account the varying interference conditions on different timeslots – these variations are expected to far exceed any inherent difference in performance between RTTI and BTTI.

Furthermore, it can be observed that if an existing RTTI link adaptation algorithm were used, which considered *only* the performance of the RTTI resources, the resultant gain of MTTI would still be significant: the commanded MCS may be over-cautious for the BTTI timeslot, but the end result will still be a significant increase in total bandwidth.
7. 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 many multislot classes.  A low-complexity solution has been proposed, limiting the allowed configurations, and thereby significantly simplifying the signalling. Finally, the possible impact on link adaptation and measurement reporting has been considered and seen to be negligible in relation to the bandwidth gains possible.
8. References
[1] GP-090260 “Support of simultaneous RTTI + BTTI resources for mobiles supporting EMST”, Research in Motion UK Ltd., GERAN#41, Malta, February 2009
[2] GP-090767 MTTI – "Benefits & simplified configurations", Research in Motion UK Ltd, GERAN#42, Shenzhen, China, May 2009
� including any downlink assignment to a class 30-39 mobile
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