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EDA over Reduced TTI
1 Introduction

The purpose with this document is to propose principles needed to support Extended Dynamic Allocation (EDA) and Reduced TTI (RTTI) in combination. Other contributions have discussed this [1][2] without finding a common agreed (detailed) working assumption. 
2 Reduced TTI and EDA
The following general principle is proposed for supporting EDA on a TBF in RTTI mode (considering the case where an MS has an EDA assignment consisting of at least 2 PDCH pairs): 
“The explicit USF (10ms scheme or 20ms scheme) in the first PDCH pair (lowest TN number) applies to the same position on the next PDCH pair(s) of the EDA assignment, without being read (implicitly)“.
This would mean that when an MS in EDA mode (4 TS UL) receives its 20ms USF scheme USF in the first PDCH pair it can stop scanning for USF after the first PDCH pair (both PDCHs) has been scanned (as example, see fig 4-6)
. In case no USF is received in the first PDCH pair, then the scan shall continue over the second PDCH pair (as example, see fig 10).

In case the MS is in EDA mode (4 TS UL) and receives its 10ms USF scheme USF in the first PDCH pair, it can stop scanning for USFs, as the USF also applies to the second PDCH pair (as example, see fig 7). In case no USF is received in the first PDCH pair, then the scan shall continue over the second PDCH pair (as example, see fig 8).
This principle also means that for any EDA and RTTI configuration with 4 timeslots assigned, the reading of a USF will allocate up-to 2 corresponding uplink RTTI radio blocks and not up-to 4 as per legacy EDA configurations.

Figure 1 [2] below shows the USF principle in the 20ms USF scheme in case of Dynamic Allocation (which follows the general 20ms USF scheme rule in ref [3]) and figure 2 shows the corresponding case in the 10ms USF scheme. These DA principles could be extended into covering the EDA case with the above mentioned general principle. Examples of this are shown in figures 3 through 11 below.
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Figure 1: USF allocation with 20ms USF scheme for DA mode.
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Figure 2: USF allocation with 10ms USF scheme for DA mode.

This principle is described in a few examples below.
	 

	


Implicit, 20ms USF (typically not read) 
	 

	


Explicit, 20ms USF (read)


Implicit, 10ms USF (typically not read) 


Explicit, 10ms USF (read)
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Allocated RTTI UL block

Allocated Basic TTI (BTTI) UL block

Figure 3: Syntax of example figures

In figures 4 – 6 below the following apply:

· 20ms USF indicates a USF carried using 4 consecutive TDMA frames on a single PDCH (i.e. legacy USF coding).

· The MS is configured with an EDA uplink assignment that consists of PDCH0, PDCH1, PDCH2 and PDCH3.

· The first PDCH pair consists of PDCH0 + PDCH1 and the second PDCH pair consists of PDCH2 + PDCH3.
	 
	PDCH0
	PDCH1
	PDCH2
	PDCH3
	PDCH0
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	PDCH2
	PDCH3
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	DL
	DL
	DL
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	UL
	UL
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	10ms
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Figure 4: Allocation of RTTI blocks in EDA mode, 20ms USF scheme and second RTTI slot allocated.
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Figure 5: Allocation of RTTI blocks in EDA mode, 20ms USF scheme and first RTTI slot allocated.

	 
	PDCH0
	PDCH1
	PDCH2
	PDCH3
	PDCH0
	PDCH1
	PDCH2
	PDCH3

	
	DL
	DL
	DL
	DL
	UL
	UL
	UL
	UL

	10ms
	 
	 
	 
	 
	 
	 
	 
	 

	10ms
	
	
	
	
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	 
	 


Figure 6: Allocation of RTTI blocks in EDA mode, 20ms USF scheme and both RTTI slots allocated.

In figure 7 below the following apply:

· 10ms USF indicates a USF carried using 2 consecutive TDMA frames on a PDCH pair.

· The MS is configured with an EDA uplink assignment that consists of PDCH0, PDCH1, PDCH2 and PDCH3.

· The first PDCH pair consists of PDCH0 + PDCH1 and the second PDCH pair consists of PDCH2 + PDCH3.
	 
	PDCH0
	PDCH1
	PDCH2
	PDCH3
	PDCH0
	PDCH1
	PDCH2
	PDCH3

	
	DL
	DL
	DL
	DL
	UL
	UL
	UL
	UL

	10ms
	 
	 
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	 
	 
	 
	 


Figure 7: Allocation of RTTI blocks in EDA mode, 10ms USF scheme and first RTTI slots allocated.

In figure 8 below the following apply:

· 10ms USF indicates a USF carried using 2 consecutive TDMA frames on a PDCH pair.

· The MS-A is configured with a DA uplink assignment that consists of PDCH0 and PDCH1. MS-B is configured with an EDA uplink assignment that consists of PDCH0, PDCH1, PDCH2 and PDCH3.

· For MS-B, the first PDCH pair consists of PDCH0 + PDCH1 and the second PDCH pair consists of PDCH2 + PDCH3.

	 
	PDCH0
	PDCH1
	PDCH2
	PDCH3
	PDCH0
	PDCH1
	PDCH2
	PDCH3

	
	DL
	DL
	DL
	DL
	UL
	UL
	UL
	UL

	10ms
	MS-A
	MS-B
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	MS-A
	MS-B

	10ms
	 
	 
	 
	 
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	 
	 
	 
	 


Figure 8: Allocation of RTTI blocks with 10ms USF scheme. MS-A in DA mode and MS-B in EDA mode.

In figure 9 below the following apply:

· 20ms USF indicates a USF carried using 4 consecutive TDMA frames on a single PDCH (i.e. legacy USF coding).

· The MS-A and MS-B are configured with an EDA uplink assignment that consists of PDCH0, PDCH1, PDCH2 and PDCH3.

· The first PDCH pair consists of PDCH0 + PDCH1 and the second PDCH pair consists of PDCH2 + PDCH3.

	 
	PDCH0
	PDCH1
	PDCH2
	PDCH3
	PDCH0
	PDCH1
	PDCH2
	PDCH3

	
	DL
	DL
	DL
	DL
	UL
	UL
	UL
	UL

	10ms
	MS-A
	MS-B
	 
	 
	 
	 
	 
	 

	10ms
	
	
	
	
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	MS-A
	MS-A

	10ms
	 
	 
	 
	 
	MS-B
	MS-B


Figure 9: Allocation of RTTI blocks in EDA mode, 20ms USF scheme and both RTTI slots allocated. Two different RTTI MS:s allocated.

In figure 10 below the following apply:

· 20ms USF indicates a USF carried using 4 consecutive TDMA frames on a single PDCH (i.e. legacy USF coding).

· The MS-A is configured with a DA uplink assignment that consists of PDCH0 and PDCH1 (BTTI). The MS-B is configured with an EDA uplink assignment that consists of PDCH0, PDCH1, PDCH2 and PDCH3.

· For MS-B, the first PDCH pair consists of PDCH0 + PDCH1 and the second PDCH pair consists of PDCH2 + PDCH3.

	 
	PDCH0
	PDCH1
	PDCH2
	PDCH3
	PDCH0
	PDCH1
	PDCH2
	PDCH3

	
	DL
	DL
	DL
	DL
	UL
	UL
	UL
	UL

	10ms
	MS-A
	MS-A
	MS-B
	MS-B
	 
	 
	 
	 

	10ms
	
	
	
	
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	MS-A
	MS-A
	MS-B

	10ms
	 
	 
	 
	 
	
	
	MS-B


Figure 10: Allocation of RTTI blocks in EDA mode (MS-B) and BTTI blocks in DA mode (MS-A), 20ms USF scheme.
In figure 11 below the following apply:

· 20ms USF indicates a USF carried using 4 consecutive TDMA frames on a single PDCH (i.e. legacy USF coding).

· The MS is configured with an EDA uplink assignment that consists of PDCH0, PDCH1, PDCH2 and PDCH3.

· The first PDCH pair consists of PDCH0 + PDCH1 and the second PDCH pair consists of PDCH2 + PDCH3.

· The USF on PDCH3 will not be read by the MS and thus, the second 10ms subslot on PDCH2 and PDCH3 will not be allocated.

	 
	PDCH0
	PDCH1
	PDCH2
	PDCH3
	PDCH0
	PDCH1
	PDCH2
	PDCH3

	
	DL
	DL
	DL
	DL
	UL
	UL
	UL
	UL

	10ms
	 
	 
	 
	Not read
	 
	 
	 
	 

	10ms
	
	 
	
	
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	 
	 
	Not allocated


Figure 11: Impossible allocation of RTTI blocks in EDA mode.

The reason for why the allocation in figure 11 (red block) will not be possible is that this breaks the rule that the MS can stop reading the USF after its first PDCH pair (20ms USF scheme), or after the first RTTI block of its first PDCH pair (10ms USF scheme), in case it finds its USF there.
In figure 12 below the following apply:

· 20ms USF indicates a USF carried using 4 consecutive TDMA frames on a single PDCH (i.e. legacy USF coding).

· The MS is configured with an EDA uplink assignment that consists of PDCH0, PDCH1, PDCH2 and PDCH3.

· The first PDCH pair consists of PDCH0 + PDCH1 and the second PDCH pair consists of PDCH2 + PDCH3.

· The USF on PDCH2 will not be read by the MS and thus, the first 10ms subslot on PDCH2 and PDCH3 will not be allocated.

	 
	PDCH0
	PDCH1
	PDCH2
	PDCH3
	PDCH0
	PDCH1
	PDCH2
	PDCH3

	
	DL
	DL
	DL
	DL
	UL
	UL
	UL
	UL

	10ms
	 
	 
	Not read
	 
	 
	 
	 
	 

	10ms
	 
	
	
	
	 
	 
	 
	 

	10ms
	 
	 
	 
	 
	 
	 
	Not allocated

	10ms
	 
	 
	 
	 
	 
	 


Figure 12: Impossible allocation of RTTI blocks in EDA mode.

The allocation in figure 12 is impossible for the same reason as in figure 11.
3 Conclusions
EDA must be adapted to support RTTI. This document proposes a simple general principle to be used when EDA runs in RTTI mode. Examples of different allocations show that multiplexing of RTTI and BTTI MSs is possible (when 20ms USF scheme applied), as well as multiplexing of different RTTI MSs (when 20ms or 10ms USF scheme applied).
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� In case the MS fails to read the USF, it would still be beneficial to transmit the valid USF in the corresponding position in the second PDCH pair. In case the MS will read it there instead, it will still be able to use half of the allocation.
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