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1
Introduction

Frame early termination (FET) techniques have been proposed in TR 25.702 “DCH Enhancements for UMTS” in order to save UE power and increase the overall WCDMA+ system capacity. A successful FET transaction comes at the cost of transmitting and decoding ACK bits reliably and it has impact on the system performance. In [2], a simple alternative to WCDMA+ FET was proposed, which is mainly targeted for uplink. In this contribution, we propose a hybrid design that combines the downlink design from [1] with the method in [2] that can still achieve the UE power savings and system capacity increase. We also provide the link analysis of the design.
2
A new design: combination of the downlink FET with uplink compression without FET
2.1
Uplink FET design challenge  

One of the challenges for DCH enhancements is the uplink FET design. For all proposals in [1], such as option 1, 4.1.1.1 of [1] and option 2, 4.1.1.2 of [1], downlink ACK signalling has to be employed in order to terminate early the uplink speech transmission. The main challenge with downlink ACK design is to keep the false alarm at a very low level such as 0.001 and at the same time to keep the miss detection at a reasonable low rate. The problem becomes severe in harsh environments when facing stronger interference. One way to handle the challenge is to boost the ACK symbol transmission power which naturally leads to the reduced system capacity.

From the implementation point of view, to make a successful uplink FET transaction, NodeB needs to decode the uplink speech multiple times within a 20 ms TTI. This may push the NodeB decoding device to the limit due to the fact that a NodeB needs to handle many UEs within a 20 ms TTI. 

To resolve these issues, a hybrid design has been proposed in the following.

2.2
Uplink voice frame compression and dynamic repetition 

As described in [2], the UEs in normal situation would operate with TTI length of 10 ms which normally leads to a necessity to increase the UE transmit power by about 3 dB. In the situation that transmit power hits the limit, the UE could repeat the radio frame. Whether or not the TTI is being repeated is signaled in the TFCI.  

2.3
Uplink voice frame compression and legacy transmission

The main purpose of the uplink proposal in [2] is the elimination of the uplink FET by not transmitting downlink ACK signalling while it still benefits from UE power saving. Since there is no downlink ACK signalling, the benefit of the radio frame repetition is vanishing in the UE power limit situation. Hence, we propose UEs in power limited situation would fall back to legacy R99 transmission mode; that is, in normal 20 ms TTI. However, UEs would normally operate with TTI length of 10 ms as proposed in [2]. This is illustrated in Figure 1 as 15S-P1. In addition, as shown in 
Figure 1
, another approach of using 10 slots (10S-P1) will also be used for evaluation purpose. Whether or not the TTI is being transmitted in legacy way is signaled in the TFCI.
2.4 
Downlink voice frame transmission
Downlink transmission solution in 4.2.1.2 of [1] provides link efficiency gain and power saving advantages over the proposal in 4.2.1.3 of [1] as presented in [3-4]. It is proposed here as the downlink transmission solution.

2.5 
Control channel modification 

A new uplink control channel is used for downlink FET and it is a modified version of the proposal 4.1.3.1 of [1]. The ACK duration is changed to 2 pilot symbols long in order to reduce the round trip delay as analyzed in [5].  

It has been observed in [6-7] that there is no performance loss due to the reduced TPC rate. Hence, the uplink DPCCH format is also slightly changed. The TPC rate is dynamic. As shown in Figure 1, for the first scheme (15S-P1), the TPC rate is still 1500 Hz in the first 15 slots and it has been changed to around 750 Hz after slot #14. For the second scheme (10S-P1), the TPC rate is 1500 Hz in the first 11 slots and has been changed to around 750 Hz after slot #10. The main purpose for the new format is to reduce the overall uplink transmit power. 
To further reduce the uplink DPCCH transmit power, the number of pilot symbols per slot can be reduced to 2 or 4 as shown in Figure 2. Please note that shortened pilot format only applies to DPCCH transmission only scenario, for example, slot #16~28 in  Figure 1, scheme 15S-P1. 
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Figure 1- New Uplink DPCCH slot structure
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Figure 2- New Uplink DPCCH slot structure - reduced number of pilot symbols 

2.6 
Summary

For evaluation purpose, four uplink transmission schemes have been considered and they are summarized in Table 1: some of them are used for performance comparison purpose only. Scheme MTK WCDMA+ is the one proposed in 4.1.1.2 of [1] which achieves the UE power saving by employing uplink FET. 

Table 1- Uplink DPCH Parameters
	Scheme
	Legacy R99
	MTK WCDMA+
	UL 15S-P1
	UL 10S-P1

	Coding chain
	4 TrCH
	1 TrCH
	4 TrCH
	4 TrCH

	No. of slots for data TX
	30
	30
	15
	10

	UL 10 ms TX
	No
	No
	Yes
	Yes

	UL DPCCH
	Slot format #0
	Slot format #1
	Slot format #1
	Slot format #1

	TFCI 
	Legacy
	New channel
	New channel
	New Channel

	TPC rate
	1500 Hz
	Dynamic
	Dynamic
	Dynamic
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	{7/15,14/15}
	{7/15,14/15}
	{11/15,15/11}
	{13/15,15/9}

	FET 
	No
	Yes
	No
	No

	No. of CRC bits
	12
	16
	12
	12


For the downlink transmission, the proposed solution in 4.2.1.2 of [1] is used and there is no need for downlink ACK signaling for scheme UL 15S-P1 and UL 10S-P1 due to the use of the new uplink compression design.

3
Performance evaluation
The downlink link simulation assumptions used here are the same as those for link evaluation in [4].

The performance evaluation is conducted by simulation and the results are summarized in Table 2. 

We have also conducted a system level simulation [8] in order to obtain the average loading contribution and it is presented in Table 3. The overall voice load reduction is shown in Table 4.

Table 2- Link performance of the proposed schemes

	Ec/No Benefit
	Legacy R99
	MTK WCDMA+
	UL 15S-P1
	UL 10S-P1

	Single link
	0
	1.65
	1.12
	1.11

	Two links (SHO)
	0
	0.90
	1.53
	1.46

	Three links (SHO)
	0
	0.55
	1.44
	1.43


Table 3- Average loading contribution

	Average load per cell contributed from
	UEs with one link
	UEs in two link SHO
	UEs in 3 link SHO
	Overall voice load

	
	43%
	25%
	32%
	100%


Table 4- Uplink voice load reduction

	Voice load
	Legacy R99
	MTK WCDMA+
	UL 15S-P1
	UL 10S-P1

	Linear domain
	1
	0.765
	0.738
	0.742

	dB domain
	0
	-1.17
	-1.32
	-1.30


A few observations can be made as follows:

1. For single link, the new uplink design has less link gain. This is mainly due to the use of at least 15 or 10 slots for speech transmission for the new design. The main problem for the uplink FET solution is the downlink ACK signaling for uplink FET. It is difficult to maintain a very low ACK signaling false alarm rate and also a reasonable low miss detection rate. However, in single link scenario, this problem is less severe and can be achieved with less power offset. In other words, in ideal scenario – with ideal FET ACK signaling, the proposed uplink FET solution in [1] is the optimal one.

2. For SHO (two or more links) scenario, the new uplink design has much larger link gain. This shows the drawbacks of the uplink transmission with FET. For the uplink transmission with FET, more transmit power has to be used in order to mitigate the extra interference effect in SHO case and to maintain the low ACK false alarm and miss detection rate, which leads to the reduced link gain. ACK signaling performance degradation is the root cause. 

3. The link performance for the new uplink design 10S-P1 is worse than 15S-P1. This mainly is due to the use of large 
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 for 10S-P1.  Use of large power for data transmission reduces the overall link gain.

4. Conclusions

We have presented a new design for DCH enhancements and compared link performance for different potential candidates of the uplink DCH without FET. It has been observed the new design can provide large link gain in SHO scenarios. System simulation shows that the percentage of a UE in SHO situation is pretty large. The overall link gain is larger than the one with FET. The new design also introduces much less implementation burden for NodeB. Hence, we propose the following:

Proposal 1: TPC rate shall be dynamic and it can be reduced to around 750 Hz 

Proposal 2: Adopt the new downlink rate matching/interleaving encoding chain to be standardized for DCH enhancements.  
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