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Discussion on RTTI and EDA
1 Introduction

A reduced TTI configuration was introduced in [1], but the (extended) dynamic allocation in the case of RTTI was not concerned. For the reduced TTI configuration, the current allocation principle will not work properly and need to be updated. 

This paper aims to discuss why an update is needed and the principles that DA/EDA should obey. Because DA is much simpler comparatively and well discussed before, this paper concerns EDA only. 
2 Combination of EDA and RTTI
2.1 Reason
After a reduced TTI is introduced, EDA should be also supported for the same reason why EDA was introduced in the past. Without EDA, it is impossible to assign more than one PDCH pair for an RTTI uplink TBF.
Multiplexing on the same uplink radio resources of low-latency TBFs with legacy ones is required, and an improved dynamic allocation is introduced in [2]. When no legacy TBFs are multiplexed on the same uplink PDCH pair, another dynamic allocation is introduced also in [2]. The difference is where a USF is sent, on a single PDCH in 20ms or on a PDCH pair in 10ms. But both dynamic allocations allocate radio block on a PDCH pair in 10ms. 
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Figure 1 Two dynamic allocation

Multiplexing with legacy TBFs (left), No multiplexing with legacy TBFs (right)
As known, the delay in case of USF sent in 20ms is much longer than that in case of USF sent in 10ms, so USF should be sent in 10ms prior to 20ms. USF shall be sent in 20ms only when legacy TBFs are multiplexed on the same PDCH. 
In case of a reduced TTI configuration, if an uplink TBF is assigned two or more PDCH pairs, it is quite possible that some PDCH pairs are multiplexed with legacy TBFs and others are not. Then for this TBF, USFs on different PDCH pair may be sent in a different way, which should be known by the MS after the TBF established. 
EDA should be able to support both ways that a USF is sent, and at the same time, the benefit (low delay) of reduced TTI should be kept unchanged. Some simple principles are summarized in the sub-clause below.
2.2 Principle
If an MS receives its USF on a downlink PDCH in 20ms, it shall consider all subsequent ones from the list of assigned PDCHs as its own. And all of the subsequent USFs are considered to be sent in 20ms. 
If an MS receives its USF on a downlink PDCH pair in 10ms, it shall consider all subsequent ones from the list of assigned PDCHs as its own. And all of the subsequent USF are considered to be sent in 10ms. 
A USF sent in 20ms can only allocates radio blocks in the next 20ms, and a USF sent in 10ms can only allocates radio blocks in the next 10ms. If an MS receives USFs sent both in 20ms and 10ms simultaneously, all radio blocks allocated are those allocated by USFs sent in both ways. 
2.3 Example
Example 1:
An uplink TBF has 4 PDCHs (from PDCH0 to PDCH3), and the MS received its USF on PDCH1 sent in 20ms. According to the principles above, this MS will consider it has received its USFs on PDCH2 to PDCH3 sent in 20ms too, and radio blocks shown in yellow in the figure below are allocated. 
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Figure 2 Example for USF sent in 20ms
As suggested in the figure above, a USF sent in 20ms can only allocate radio blocks in the next 20ms. 
Example 2:

An uplink TBF has 4 PDCHs (from PDCH0 to PDCH3), and the MS received its USF on PDCH pair of PDCH0/1 sent in 10ms. According to the principles above, this MS will consider it has received its USF on PDCH pair of PDCH2/3 sent in 10ms too, and radio blocks shown in yellow in the figure below are allocated. 
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Figure 3 Example for USF sent in 10ms
As suggested in the figure above, a USF sent in 10ms can only allocate radio blocks in the next 10ms.
Example 3:

An uplink TBF has 4 PDCHs (from PDCH0 to PDCH3), and the MS received its USFs on PDCH2 sent in 20ms and PDCH pair of PDCH0/1 sent in 10ms. According to the principles above, this MS will consider it has received its USFs on PDCH3 sent in 20ms, and on PDCH pair of PDCH2/3 sent in 10ms too, and radio blocks shown in yellow in the figure below are allocated. 
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Figure 4 Example for USF sent in 20ms
As suggested in the figure above, radio blocks allocated should be those allocated by USFs sent both in 20ms and 10ms. 

3 Conclusion

When the reduced TTI configuration is introduced, the current extended dynamic allocation need to be improved accordingly. Meanwhile, the benefit of USF sent in 10ms must be kept. The principles mentioned above should be considered. 
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