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1
Introduction
In UL, a significant portion of transmit power is consumed on overheads to send pilots and TPC information.  A possible approach to improve DCH performance on UL is to enable UL to use 10ms TTI whenever UE is not headroom limited.  In [2], an UL design for DCH channel is proposed where the UL uses 10ms TTI, and when it is headroom limited repeats the 10ms radio frame, indicated in TFCI. 

In this contribution, we consider a similar proposal for UL with no FET, with a difference that headroom limit situations, UE switches from 10ms to 20ms TTIs prior to the start of the TTI, rather than repeating 10ms frames.  This allows for a slightly simpler decoding at the NodeB side by avoiding the need for cross combing 10ms frames when UE transmits over 20ms frames. 

Performance of 10ms UL DCH design with no FET is compared against other modes with limited number of DL ACK opportunities corresponding to one, two, or three FET opportunities.  Allowing for an DL ACK enables UL FET and possibility of maximizing link and battery savings, at the cost of additional complexity for DL ACK.  To optimize the performance, traffic-to-pilot ratios βed/ βc, target slot and target BLER for early BLER target, and location of FET opportunities are optimized for one, two, and three UL FET opportunities.
2
Simulation setup 

For the no-FET case, the following UL design is assumed:
1- UE decides on using 10ms or 20ms TTI prior for the next transport block based on network-configured power headroom (UPH) threshold.

2- UE uses legacy rate matching, multiplexing, and physical layer structure with either 10ms or 20ms TTI choices.

3- UE signals TTI selection via TFCI information.

4- UE continues transmission of UL DPCCH until DL is successfully decoded. 

Further, we assume following assumptions favourable to UL with no FET scenario:

1- DL is always assumed to have been successfully decoded by 10ms to allow UE to gate UL DPCCH in the second 10ms radio frame.
2- UE is assumed to never have to switch to 20ms TTI, and always uses 10ms transmission, gating its transmitter completely in the second 10ms radio frame.

Table 1 and Table 2 summarize simulation assumptions in this evaluation.  
Table 1: Simulation setup with UL FET
	FET-DPCCH 
	Disabled –TFCI and ACK carried over DPCCH with TDM (Option 3 for UL ACK in [1])

	UL DPDCH
	Repeated twice with 10ms TTI

	Number of Transport Channels
	2 carrying jointly coded AMR 12.2 Class A,B,C, plus DCCH

	UL DPCCH slot format
	5 pilots, 2 TPC, 3 TFCI/ACK/NACK

	BLER Target Slot
	Depending on number of FET opportunities

	BLER Target
	Depending on number of FET opportunities

	FET opportunity location
	Depending on number of FET opportunities

	Final BLER Target at 20ms
	1%

	Channels
	ITU PA3, PB3, VA30, VA120

	Traffic 
	AMR 12.2Kbps


Table 2: Simulation setup without UL FET

	FET-DPCCH 
	Disabled – TFCI carried over legacy DPCCH

	DPCCH
	Sent over first 10ms, gated over second 10ms

	UL DPDCH
	10ms TTI with second 10ms TTI gated
OR

20ms TTI legacy AMR 12.2 physical channel structure

	UL DPCCH slot format
	6 pilots, 2 TPC, 2 TFCI

	Number of Transport Channels
	4 carrying AMR 12.2k Class A,B,C bits + DCCH (absent in simulation)

	BLER Target Slot
	15

	BLER Target
	1%

	Final BLER Target at 20ms
	1%

	Channels
	ITU PA3, PB3, VA30, VA120

	Traffic 
	AMR 12.2Kbps
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Figure 1: UL DCH with no FET, or limited number of FET opportunities

3
Simulation Results

Table 3 shows the link efficiency performance of UL DCH with no FET using 10ms TTI, and with FET and reduced number of DL ACK opportunities. In [1], link performance results when FET on UL is allowed every slot is shown to be about 2.54dB.  To optimize the performance, βed/ βc values are optimized under the constraint that maximum UL TPC BER is the same in all cases. The resulting βed/ βc values along with best opportunities for FET, target BLER slots, and target BLER value are listed in Table 3.
In Table 3, it can be seen that with three ACK opportunities, about 2.05dB gain in link efficiency is achieved using three FET opportunities, corresponding to a loss of 0.5dB compared to allowing FET every slot.  With two FET opportunities, the performance is quite close to three ACKs.  Overall, these results show that with no UL FET a significant portion of the UL gains is achievable, and the link efficiency gains are in the order of allowing for a single ACK opportunity.  As expected, link efficiency improves with increased number of FET opportunities.
Table 3: Link efficiency performance of UL DCH with different configuration with and without FET

	Scenario
	T2P (βed/ βc)
	BLER target (percent@slot number) 
	FET Slot Number
	Ec/Nt gain (dB)

	no FET
	(2.6940,-2.6940)
	1%@15
	None
	1.57dB

	Single ACK 
	(2.6940,-4.4370)
	15%@15
	15
	1.57dB

	Double ACK
	(3.5218,-3.5218)
	20%@12
	12,17
	1.93dB

	Triple ACK
	(2.6940,-3.5218)
	5%@15
	12,15,20
	2.05dB


4
Conclusion

The performance of and UL DCH design with no FET is evaluated along with another mode which allows for limited number of configurable FET opportunities in UL.  In the no FET scenario:

· UL decides on using 10ms TTI or 20ms TTI prior to transmission of new TTI based on a threshold on UPH (UE power headroom).

· UE signals choice of TTI to NodeB via TFCI information.

The difference of the above mode compared to the hybrid design in [2] is that instead of repeating 10ms radio frames, which causes complexity in combining across two 10ms radio frames, UE switches to legacy 20ms TTI configuration in case of power headroom limit.

It is observed that the link performance of no-FET scenario is similar to allowing for a single ACK, without the complexity and overhead of sending the ACK message.  In exchange, UE should handle the added complexity of switching between TTIs.
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