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Discussion and Decision
1 Introduction
In this contribution, we would like to provide our view of how the multi-TTI uplink scheduling in LTE TDD can be designed in a way that balances the tradeoff among complexity, performance, and signalling overhead. 

The general idea of multi-TTI scheduling in uplink is that a single UL grant on the PDCCH may allocate multiple consecutive UL TTIs to single users at one time. In the case where we have more uplink resources than downlink resources where the PDCCHs is transmitted in TDD, the scheduling of multiple uplink TTIs to the same user becomes a common scenario and thus multi-TTI uplink scheduling is an important feature for reducing the general PDCCH overhead.

2 Scope of  multi-TTI uplink scheduling
Multi-TTI uplink scheduling is a way of reducing the PDCCH overhead that comes from uplink grants. We are limited in terms of PDCCH resources only when we have more uplink resources than downlink resources and this is also the case when uplink resources are most commonly scheduled successively and on same physical resources.
Hence, we propose that multi-TTI uplink scheduling is limited to the case when there are more uplink subframes than downlink subframes with a PDCCH. This means that whenever we have more downlink subframes than uplink (known from PBCH), we will have a different PDCCH payload size.
For the harmonized frame structure [1], and as proposed in [2] [3] that PDCCH always present at the special subframe, the most UL heave DL/UL allocation option of 2 DL + 3 UL is the currently applicable case for multi-TTI uplink scheduling. Adopting such definition will allow us to simplify the multi-TTI uplink scheduling discussion.
3
Fundamental assumptions for multi-TTI uplink scheduling

When designing the multi-TTI scheduling there are two fundamental assumptions that must be closely considered. These assumptions related to other aspects than multi-TTI uplink scheduling (e.g. to pure FDD issues) and thus they should be decided and used as guidance for the multi-TTI scheduling design.

3.1

Mapping of ACK/NACK to the PHICH

It has been discussed before that there are two options for determining the mapping of ACK/NACK to the PHICH to acknowledge uplink transmissions. One method is to consider the lowest CCE index  on the allocating PDCCH for the uplink grants and another method is to tie the allocation of ACK/NACK on PHICH to the actual physical resources allocated to the uplink transmission. The trend seems to be that the latter is becoming the option as methods have been found to reduce the associated overhead of having to allocate “worst-case” PHICH resources, see e.g. [4].
For multi-TTI uplink grants it is very attractive that the ACK/NACK mapping is determined by the allocated physical resources as this applies to the full multi-TTI allocation and thus no “memory” is induced related to earlier multi-TTI allocations on the PDCCH when extracting the proper location for the ACK/NACK related to a given UL subframe. Further, with the proposed compression methods, this framework allows for a better tradeoff among scheduling flexibility in uplink and multi-TTI scheduling ability in TDD.

It is proposed that also from a TDD perspective of managing multi-TTI allocations, that we support the idea that ACK/NACK to PHICH mapping is tied to the allocated physical resources in uplink.

We also welcome ideas that allow for a tradeoff among total PHICH resources and single/multi-TTI scheduling flexibility in the frequency domain as it allows a TDD system to reduce the PHICH overhead when there are more uplink resources than downlink resources.  This is our baseline assumption in the following.

3.2
Grouping of PDCCHs and Uplink TTIs

Another aspect of importance to the multi-TTI design is how downlink PDCCHs are tied to the available uplink subframes. E.g. in the case with 2 DL subframes carrying PDCCH and 3 UL subframes, it could be possible to hardcode two uplink subframes to one DL subframe and the remaining UL subframe to the remaining DL subframe. From a multi-TTI perspective as well as to be able to balance the PDCCH resources between DL subframes, it is attractive that the uplink PDCCH load can be distributed evenly and flexibly among the downlink subframes. Alternatively, it should be possible to allocate time-wise different resources to PDCCH resources in the downlink subframes (e.g. increase number of OFDM symbols that can be allocated to PDCCH to more than 3 for downlink subframes handling 2 UL subframes). Such flexibility also can make the signaling for multi-TTI more easy to implement and will make the PDCCH signaling consistent among different TTIs..
The allocation scheme should be built in a way that it is possible to distribute the PDCCH signaling load related to single-TTI and multi-TTI uplink allocations evenly across the downlink subframes.
If the ACK/NACK to PHICH mapping is determined by the allocated physical uplink resources, it is possible to have a setup where the multi-TTI span exceeds the single-TTI span. This scheduling is illustrated in Figure 1. In this figure we assume that each downlink subframe can address two different uplink subframes (a and b in Figure 1) by use of single-TTI allocations. This means that these allocations can be distributed evenly among the downlink PDCCH resources which allows for more optimimum downlink scheduling as well (e.g. with radio aware scheduling). As an example, it is seen here that a multi-TTI window can extend up to 3 successive uplink subframes. Provided that ACK/NACK mapping is conducted based on physical allocation in uplink and there is consistent mapping between uplink subframes and the associated downlink subframe containing the corresponding ACK/NACK, this is a flexible solution allowing for better PDCCH overhead saving via multi-TTI scheduling.
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Figure 1. Illustration of the difference between the UL scheduling window for multi-TTI and single-TTI allocations (assumes FDD processing times in uplink although these are still FFS for TDD).

While the multi-TTI window can be limited to the single-TTI allocation span, it needs not be the case given proper ACK/NACK to PHICH mapping strategy. Hence, we propose that different window lengths are explored to verify the tradeoff among multi-TTI scheduling overhead and related PDCCH saving potential.
4
A simple uplink multi-TTI scheduling 

Based on the discussion above we present a simplest case multi-TTI scheduling. We base it on the simplest possible assumptions of multi-TTI scheduling:

· We assume that a multi-TTI window of length 2 is sufficient to achieve the majority of the PDCCH saving capability. 

· We make it possible to distribute evenly the PDCCH scheduling load regardless of the used single-TTI and multi-TTI allocations in uplink.
While the detailed signaling is FFS, the general idea is shown in Figure 2. 
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Figure 2. Illustration of the simplest possible uplink multi-TTI scheduling idea (FDD UL processing times considered although these are still FSS for TDD mode).

Signalling-wise, this idea is conveniently combined with the required indicator for “scheduled CQI”. Assuming that scheduled CQI for FDD and UL<DL TDD mode is 1 bit, our method has a cost of only a single bit for the multi-TTI allocation scheme (and even includes the absolute referencing needed when DL<UL). In total it is proposed to have 2 bits represent multi-TTI+scheduled CQI information (here denoted a MT-SCQI field) in each UL grant. The exact interpretation of this field is defined in Table 1:

Table 1. Meaning of the 2-bit multi-TTI/scheduled CQI field. Note that subframe notation (e.g. a, b) depends on the downlink subframe containing the UL grant as indicated in Figure 2.
	Value of MT-SCQI field
	Meaning

	00
	This is a single-TTI grant where data as well as a scheduled CQI is scheduled in UL subframe (a). 

	01
	This is a single-TTI grant where data is scheduled in UL subframe (a).

	10
	This is a single-TTI grant where data is scheduled in UL subframe (b).

	11
	This is a multi-TTI (2-TTI) grant where data is scheduled in both UL subframes (a) and (b).


Although the signalling overhead of the proposed multi-TTI method is negligible considering that we anyway need to represent scheduled CQI as well as absolute UL subframe indication in the UL grant, it still offers a high degree of flexibility in terms of scheduling freedom and potential PDCCH saving.

· 2-TTI transmission is facilitated in 2 out of 3 possible combinations. We believe this may be sufficient since we will anyway have a significant amount of single-TTI allocations and will need to schedule retransmissions as well (often as single-TTI allocations). 

· Single-TTI scheduling load for all three UL subframes can be balanced evenly among the two DL subframes containing the PDCCH. This is attractive for using radio-aware packet scheduling in downlink and maintaining high multiplexing order in both DL subframes.

· Scheduled CQI is facilitated in 2 out of 3 UL subframes which is an acceptable loss of flexibility. The remaining UL subframe can be loaded more heavily for the periodic CQI reporting if better CQI load balancing is needed.

Finally, by using only 2 bit indication we cover scheduled CQI, multi-TTI allocation, and full single-TTI allocation in a single field, thereby lowering the cost of implemting multi-TTI for the DL<UL TDD case.
3 Conclusions
Following the discussion above, we recommend that the following proposals are accepted and incorporated in the multi-TTI idea:
· Multi-TTI uplink allocations are limited to the case when there are more uplink resources than downlink resources. With the harmonized frame structure this means that multi-TTI uplink scheduling is only considered for the case when there are 2 downlink resources (including the special time subframe) and 3 uplink resources.

· To simplify the multi-TTI scheduling design and allow for better compromise among single/multi-TTI scheduling flexibility and required PHICH resource overhead, we propose to support the on-going trend in the FDD camp where the mapping of ACK/NACK to the PHICH is determined by the physical resource allocation in uplink rather than tied to the PDCCH that holds the scheduling grants (as used in downlink).
· It should be possible to balance the uplink grants evenly and flexibly among different downlink subframes not to impact negatively the downlink scheduling efficiency. Alternatively, some grouped limitations can be introduced but then the amount of resources reserved to PDCCH may need to be more flexible compared to that of FDD.
· While the multi-TTI window can be limited to the single-TTI allocation span, it needs not be the case given proper ACK/NACK to PHICH mapping strategy. Hence, we propose that different window lengths are explored to verify the tradeoff among multi-TTI scheduling overhead and related PDCCH saving potential.
· We have shown a simple 2-TTI scheduling which only has a 1-bit effective signaling overhead in the PDCCH due to joint coding with the indicator for scheduled CQI. It is proposed that this simple scheduling is considered for final specification or at least used as benchmark for other multi-TTI scheduling.
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