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Discussion
1. Introduction

One of the motivating factors for the proposals on enhancements to legacy R99 DCH design is the introduction of power savings at the UE, made possible by techniques such as FET [1]. In addition, FET is also credited with most of the capacity gains observed in enhanced R99, a.k.a. WCDMA+, due to the discontinuous transmission and reception periods observed when a frame has been successfully early decoded (and thus terminated).

However, this comes at the cost of acknowledging a successful FET transaction. It has recently been proved in [2] and [3] that the power needed to transmit and decode these ACK bits accurately enough has significant impact in the overall system performance of WCDMA+.

In this contribution, we propose a simple and standalone alternative to WCDMA+, which does not require FET (and thus the transmission and decoding of ACK bits), but still benefits from DTX/DRX. The impact to standardization is also light and the technique is applicable to both DL and UL, even though it is mainly targeted for uplink.
2. Discussion

2.1 Compression and repetition of a voice frame
The technical report on DCH Enhancements for UMTS [8] describes in section 4.1.1.1.2 UL DTCH an DCCH compression and repetition, where “At the MAC layer, the packets received every 20ms (for DTCH) and 40ms (for DCCH) are repeated twice. The duplicate packets are passed to the physical layer, configured with a TTI value half of the original, i.e., DTCH packets are configured with 10ms TTI and DCCH packets are configured with 20ms TTI;…”. The purpose for this approach is to allow for the FET to terminate the packet as early as possible and ensure that sufficient amount of information is deliver over the well before the full 20 ms has been transmitted. This voice frame compression could also be modeled as encoding the voice frame in a 10 ms TTI and transmitting the same encoded radio frame twice in two consecutive frames, unless FET kicked in and terminated the transmission.  

The benefits of FET for link gain and batter saving are widely recognized, however the cost of FET-ACK signalling has been identified, but it has been to some extent unaccounted for in the study. The drawbacks related to increased processing load (reducing the number of users that a given BTS BB unit can support in parallel) have gone relatively unnoticed.
2.2 Compression and dynamic repetition of a voice frame

If the receiver is not dimensioned to try and decode the voice frame at every slot, and if there is some latency involved in the decoding attempt, the FET gains as expressed in [2] are reduced. At the same time the cost of FET-ACK signalling is still there. Thus it appears advantageous to explore solutions that do not require repeated decode attempts, do not require FET-ACK signalling and are still able to benefit the UE power consumption and also retain some of the system gains.
The compression and repetition technique could be for instance modified to simply configure the link with the target of 1% BLER after 10 ms, and not repeating the frame in the second 10 ms. This approach corresponds to the “Shortened TTI” solution of section 4.2.1.1.1 of [8] for downlink, without FET. In downlink this is a viable solution, especially if considering a UE that has some latency in its decoding attempts and does not try and decode the voice frame in every slot – then the FET may only be able to save some slots, and the main benefit is being able to DRX for half of the 20 ms dual-radio-frame.

The shortened TTI of downlink as described in the TR directly lends itself to uplink, and allows for 50% power saving gain from gating the uplink transmitter. The drawback is the need for increasing the UE transmit power by about 3 dB. Hence, in order to avoid a 3 dB hit in the link budget a dynamic repetition is needed. The UE could e.g. repeat the radio frame if it had reached the power limit and needed to compress the DPDCH gain factor, or it could more proactively, based on the available transmit power headroom, make the decision and signal in the TFCI whether or not the TTI is being repeated.

It may be worth noting that the compression and repetition approach described in the TR25.702 section 4.1.1.1.2 is one of several ways of modeling a time-compressed transmission of a voice frame in one DCH radio frame, and repeating the transmission in the subsequent radio frame. The concept of transmitting a 20 ms voice frame in 10 ms radio frame could also be extended to bundling two voice frames in one concatenated transport block, transmitting that in one 10 ms radio frame and repeating the frame three more times to span it over 40 ms, if needed, or DTXing for 30 ms if no repetition is needed, even though this could be seen as having larger impact on the existing DCH processing implementation.

If both uplink and downlink operate with base TTI length of 10 ms, typically the UE can DTX/DRX 50% of the time and get significant improvements in talk times. The UEs in power limited situation would sometimes need to fall back to repeating the voice frame and in those times would not be able to benefit from DTX/DRX.
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Figure 1: normal R99 voice transmission operation with 20ms TTI
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Figure 2: Enhanced R99 voice transmission with 10ms TTI in good link budget situations (noFET) 

3. Conclusion

A simple alternative to WCDMA+ FET is being proposed. It relieves the system from implementing FET and thus from running repeated blind decoding attempts and transmitting costly FET-ACK bits. A typical UE can obtain 50% DTX/DRX talk-time gain (if bundling of voice frames is not considered for larger gains), and the 50% DPCCH duty cycle provides system capacity benegits. 

The technique is applicable to both UL and DL and brings discontinuous transmission to enhanced R99, without the need for major standardization effort, over-dimensioning BB to repeated decode attempts, and paying the cost of FET-ACK signalling.
Proposal: Introduce compression and dynamic repetition without FET as a solution for enhanced DCH.
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5. Annex

5.1 UL 10 ms tx 10ms DTX

In UL, the DPDCH and DPCCH channels are code multiplexed and thus transmitted at the same time. When using a 10ms TTI length the transport channel coding for the DPDCH may look as in the figure below: Compared to a 20ms TTI length, the physical channel rate has been doubled allowing to DTX every second frame.
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Figure 3: UL DPDCH construction for 12.2kbps speech [(adapted from Fig. A.2, [25.101])

5.2 UL 10 ms tx 30 ms DTX

When applying voice data bundling such that the information of formerly four frames in carried in one, the DPDCH rate needs to be quadrupled. The transport channel coding and DTX operation look as follows
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Figure 4: transport channel mapping for a 240 kbps DPDCH operation

5.3 Transport formats
The selection of the 20- or 10 ms TTI length with or without packet bundling can be performed as part of the TFC selection and signaled by the TFCI. The size of the TFS needs to be doubled to express the option of a normal length TTI and shortened length TTI. 

Table 1: [34.108] section 6.10.2.4.1.4.1.1.1
Transport channel parameters for Conversational / speech / UL:12.2 kbps / CS RAB. The table entries in italics are subject to modification as shown in table 2 and table 3
	Higher layer
	RAB/Signalling RB
	RAB subflow #1
	RAB subflow #2
	RAB subflow #3

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	TM
	TM
	TM

	
	Payload sizes, bit
	39, 81

(alt. 0, 39, 81)
	103
	60

	
	Max data rate, bps
	12 200

	
	TrD PDU header, bit
	0

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	DCH
	DCH
	DCH

	
	TB sizes, bit
	39, 81

(alt. 0, 39, 81)
	103
	60

	
	TFS
	TF0, bits
	0x81(alt. 1x0) (note)
	0x103
	0x60

	
	
	TF1, bits
	1x39
	1x103
	1x60

	
	
	TF2, bits
	1x81
	N/A
	N/A

	
	TTI, ms
	20
	20
	20

	
	Coding type
	CC 1/3
	CC 1/3
	CC 1/2

	
	CRC, bit
	12
	N/A
	N/A

	
	Max number of bits/TTI after channel coding
	303
	333
	136

	
	Uplink: Max number of bits/radio frame before rate matching
	152
	167
	68

	
	RM attribute
	180 to 220
	170 to 210
	215 to 256

	NOTE:
In case of using this alternative, CRC parity bits are to be attached to RAB subflow#1 any time since number of TrBlks are 1 even if there is no data on RAB subflow#1 (see clause 4.2.1.1 in 3GPP TS 25.212 [14]).


Table 2: selection of TTI length with a TF

	Higher layer
	RAB/Signalling RB
	RAB subflow #1
	RAB subflow #2
	RAB subflow #3

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	TM
	TM
	TM

	
	Payload sizes, bit
	39, 81

(alt. 0, 39, 81)
	103
	60

	
	Max data rate, bps
	24 400

	
	TrD PDU header, bit
	0

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	DCH
	DCH
	DCH

	
	TB sizes, bit
	39, 81

(alt. 0, 39, 81)
	103
	60

	
	TFS
	TF3, bits
	0x81(alt. 1x0) (note)
	0x103
	0x60

	
	
	TF4, bits
	1x39
	1x103
	1x60

	
	
	TF5, bits
	1x81
	N/A
	N/A

	
	TTI, ms
	10
	10
	10

	
	DTX pattern
	off, on

	
	Coding type
	CC 1/3
	CC 1/3
	CC 1/2

	
	CRC, bit
	12
	N/A
	N/A

	
	Max number of bits/TTI after channel coding
	
	
	

	
	Uplink: Max number of bits/radio frame before rate matching
	
	
	

	
	RM attribute
	
	
	

	NOTE:
In case of using this alternative, CRC parity bits are to be attached to RAB subflow#1 any time since number of TrBlks are 1 even if there is no data on RAB subflow#1 (see clause 4.2.1.1 in 3GPP TS 25.212 [14]).


When bundling two voice TTIs, where each TTI has three RABs which each can take one of three different TFs, nine new TFs would be added. However for simplification here we assume two consecutive voice frames will be coded in same fashion. Then, only three new TFs emerge.
Table 3: selection of TTI length with a TF, two voice frames

	Higher layer
	RAB/Signalling RB
	RAB subflow #1
	RAB subflow #2
	RAB subflow #3

	RLC
	Logical channel type
	DTCH

	
	RLC mode
	TM
	TM
	TM

	
	Payload sizes, bit
	39, 81 *2

(alt. 0, 39, 81)
	103 *2
	60 *2

	
	Max data rate, bps
	48 800

	
	TrD PDU header, bit
	0

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	DCH
	DCH
	DCH

	
	TB sizes, bit
	39, 81 *2

(alt. 0, 39, 81)
	103 *2
	60 *2

	
	TFS
	TF6, bits
	0x81(alt. 1x0) * 2 (note)
	0x103
	0x60

	
	
	TF7, bits
	2x39
	2x103
	2x60

	
	
	TF8, bits
	2x81
	N/A
	N/A

	
	TTI, ms
	10
	10
	10

	
	DTX pattern
	off, on, on on

	
	Coding type
	CC 1/3
	CC 1/3
	CC 1/2

	
	CRC, bit
	12
	N/A
	N/A

	
	Max number of bits/TTI after channel coding
	
	
	

	
	Uplink: Max number of bits/radio frame before rate matching
	
	
	

	
	RM attribute
	
	
	

	NOTE:
In case of using this alternative, CRC parity bits are to be attached to RAB subflow#1 any time since number of TrBlks are 1 even if there is no data on RAB subflow#1 (see clause 4.2.1.1 in 3GPP TS 25.212 [14]).


5.4 Transport format combinations

For one voice frame – 10 ms TTI the TF combination set (TFCS) is doubled.

For two voice frames – 10 ms TTI the TFCS can be considerably larger. With the simplification explained above the TFCS size is tripled. We note that the simplification requires also the DCCH to take the same TF two consecutive voice frames, which is the case as its TTI is already 40 ms, or double the size of a voice frame.

Table 4: [34.108] section 6.10.2.4.1.4.1.1.3 TFCS

	TFCS size
	6

	TFCS
	(RAB subflow#1, RAB subflow#2, RAB subflow#3,DCCH)=

(TF0, TF0, TF0, TF0), (TF1, TF0, TF0, TF0), (TF2, TF1, TF1, TF0),

(TF0, TF0, TF0, TF1), (TF1, TF0, TF0, TF1), (TF2, TF1, TF1, TF1),

(TF0+3, TF0+3, TF0+3, TF0+3), (TF1+3, TF0+3, TF0+3, TF0+3), (TF2+3, TF1+3, TF1+3, TF0+3),

(TF0+3, TF0+3, TF0+3, TF1+3), (TF1+3, TF0+3, TF0+3, TF1+3), (TF2+3, TF1+3, TF1+3, TF1+3),

(TF0+6, TF0+6, TF0+6, TF0+6), (TF1+6, TF0+6, TF0+6, TF0+6), (TF2+6, TF1+6, TF1+6, TF0+6),

(TF0+6, TF0+6, TF0+6, TF1+6), (TF1+6, TF0+6, TF0+6, TF1+6), (TF2+6, TF1+6, TF1+6, TF1+6)




5.5 UL slot format

The slot format used for the 10 ms operation needs to carry 1200 (one voice frame in 10 ms) or 2400 (two voice frames in 10 ms) bits per DPDCH radio frame, which is supported with UL DPDCH slot formats 3 and 4 [25.211 Table 1]

Table 5: [25.211] Table 1: DPDCH fields

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Frame
	Bits/ Slot
	Ndata

	0
	15
	15
	256
	150
	10
	10

	1
	30
	30
	128
	300
	20
	20

	2
	60
	60
	64
	600
	40
	40

	3
	120
	120
	32
	1200
	80
	80

	4
	240
	240
	16
	2400
	160
	160

	5
	480
	480
	8
	4800
	320
	320

	6
	960
	960
	4
	9600
	640
	640


