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[bookmark: OLE_LINK73]1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK51][bookmark: OLE_LINK17][bookmark: OLE_LINK39][bookmark: OLE_LINK40]DCH Enhancement solutions are presented in TR 25.702 “DCH enhancements for UMTS”. This contribution provides round trip delay analysis for FET-AI signaling of the solutions proposed in TR [1].
[bookmark: OLE_LINK33][bookmark: OLE_LINK29][bookmark: _Toc347396759][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK299][bookmark: OLE_LINK304]2	FET ACK Signalling 
[bookmark: OLE_LINK391][bookmark: OLE_LINK31][bookmark: OLE_LINK32]2.1	FET UL ACK Signalling 
In this contribution, two UL Solutions are evaluated.
Solution A : “UL ACK indication for DL frame early termination Option 1: New FET control channel”  Section 4.1.3.1 of TR 25.702.
Solution B: “UL ACK indication for DL frame early termination Option 3: FET ACK using spared TPC symbols” Section 4.1.3.3 of TR 25.702. 
[bookmark: OLE_LINK59][bookmark: OLE_LINK64][bookmark: OLE_LINK99][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK96][bookmark: OLE_LINK97]2.2	FET DL ACK Signalling
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK37][bookmark: OLE_LINK38]In this contribution, two DL solutions are evaluated.
[bookmark: OLE_LINK88][bookmark: OLE_LINK95][bookmark: OLE_LINK271][bookmark: OLE_LINK272]Solution C : “DL ACK indication for UL frame early termination Option 2: ACK on a new code channel” Section 4.2.3.2 of TR 25.702.
Solution D : “DL ACK indication for UL frame early termination Option 3: ACK using spared TPC symbols” Section 4.2.3.3 of TR 25.702”.
3	Round Trip Delay Analysis
3.1	Assumptions
As shown in Figure 1, the overall time spent for a successful speech packet termination includes DL/UL propagation delays, speech packet decoding delay, ACK duration plus wait time for the right timing to transmit, ACK decoding time and time waiting for TX termination.
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Figure 1: FET round trip delay timing diagram (time not scaled, for illustration purpose only) 

We have made the following assumptions in Table 1 in order to simplify the analysis.

[bookmark: _Ref368005257]Table 1: ACK Analysis Assumptions

	 Type
	Unit (chip) 
(note 1)

	Propagation delay
	256  (note 2)

	DL data decoding time
	12*256

	UL data decoding time
	12*256

	UL ACK decoding time
	4*256

	DL ACK decoding time
	2*256

	ACK duration (Solution C)
	10*256

	

	varies


Note 1: one CPICH pilot symbol = 256 chips
Note 2: corresponding to cell radius of 20 Km

3.2	DL FET
As shown in Figure 2 & Figure 3, the total delay for solution A is 3 slots and for solution B is 2 slots. Now, if the data decoding delay is shorter as shown by the dash line, the total delay for solution A is not changed. However, if the ACK detection delay is more than 4 symbols, the total delay of solution A will be 4 slots. The observation applies to solution B too, and the total delay will be 3 slots if the ACK detection delay is more than 4 symbols.
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[bookmark: _Ref367873636]Figure 2: Round trip delay timing diagram for solution A
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[bookmark: _Ref367873646]Figure 3: Round trip delay timing diagram for solution B

3.3	UL FET

As shown in Figure 4, Figure 5 and Figure 6, the total delay for solution C varies (3 or 4 slots) and it depends on the timing offset values from the P-CCPCH frame timing. It can be shown that for all possible time offsets, the total delay is either 3 or 4 slots.


For solution D, it is 2-slot long regardless of the  timing offset values
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Figure 4. Round trip delay timing diagram for solution C with symbol 
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[bookmark: _Ref367873676]Figure 5. Round trip delay timing diagram for solution C with symbols
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[bookmark: _Ref367873685]Figure 6: Round trip delay timing diagram for solution D

3.4   ACK Miss Detection Impacts

For solution B & D the ACK message is shorter. If the first available ACK timing is missed, one can use next one which is 2 slots later. We will analyze the impacts on the average round trip delay with different ACK miss detection rates ().


With the assumption that the ACK detection false alarm probability () is zero, the average round trip delay after a successful early decoding (CRC pass) is given by:


;    Equation 1
Where:

 is the ACK detection probability

 is the round trip delay at attempt n. 


For solution B & D, . 

For solution A & C, there is only one attempt and depends on when the speech data is successfully decoded.

For DL FET, use the same timing diagram in Figure 2 and Figure 3, we can get the average round trip delay due to the miss detection of the ACK message with different ACK miss detection rates: 

Solution A


: slots 


: slots


: slots

Solution B


: slots 


: slots


: slots


For UL FET, use the same timing diagram in Figure 4, Figure 5 and Figure 6, we can get the average round trip delay due to the miss detection of the ACK message with different ACK miss detection rates: 

Solution C


: slots 


: slots


: slots

Solution D


: slots 


: slots


: slots

3.5 	Summary
The results are summarised in Table 2 and Table 3.






[bookmark: _Ref367917143]Table 2: ACK analysis results 

()
	DL FET

	ACK decoding delay (symbols)
	<= 4
	>4

	Solution A delay (slots)
	3
	4

	Solution B delay (slots)
	2
	3

	UL FET

	
 (symbols)
	0
	6

	Solution C delay (slots)
	3
	4

	Solution D delay (slots)
	2
	2



[bookmark: _Ref368005784]Table 3: ACK analysis results


	DL FET

	

	4%
	10%
	20%

	Solution A average delay (slots)
	3.76
	4.9
	6.8

	Solution B average delay (slots)
	2.09
	2.22
	2.5

	UL FET

	

	4%
	10%
	20%

	Solution C average delay (slots)
	4.24
	5.35
	7.2

	Solution D average delay (slots)
	2.09
	2.22
	2.5






[bookmark: OLE_LINK79]4	Conclusions
From the analysis, it can be seen that for the UL FET, the total round trip delay for solution D is at least 1 slot shorter than solution C and it is independent of the DPCH frame offset values. The round trip delay for solution C depends on the time offset values between the DPCH and P-CCPCH because of the use of a common control channel which is slot-aligned with P-CCPCH. For DL FET, the delay for solution B is shorter than solution A, mainly due to the use of a shorter ACK. We also analyzed the potential impact on the average delay due to the ACK miss detection. It is shown that the increased ACK miss detection rate can create a much longer round trip delay for solution A & C. On the other hand, solution B & D can tolerate much higher ACK miss detection rate.
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