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[bookmark: OLE_LINK73]1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK51][bookmark: OLE_LINK17]Uplink DCH designs for DCH Enhancements have been studied in TR 25.702 [1] and [2], and the design selection has not been agreed upon. In [3], we introduced new uplink DCH enhancements schemes with the objective of eliminating the need to designing a DL ACK indication channel and still achieving the link gain and UE current saving. In this contribution, our designs are re-studied in more details and a new UL ACK indicator solution is also proposed. The link analysis is provided by comparing different proposals. Considering the link gain and UE power savings provided by the presented designs, we propose to adopt the UL speech frame compression method as the UL transport channel multiplexing scheme in Release 12 and the new UL ACK indicator design for DL FET to be standardized for DCH enhancements.  
[bookmark: OLE_LINK33][bookmark: OLE_LINK29][bookmark: _Toc347396759][bookmark: OLE_LINK299][bookmark: OLE_LINK304][bookmark: OLE_LINK47][bookmark: OLE_LINK48]2	Uplink design descriptions
[bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK59][bookmark: OLE_LINK64][bookmark: OLE_LINK99][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK34][bookmark: OLE_LINK35]2.1	Uplink speech frame compression and legacy transmission
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK305][bookmark: OLE_LINK307]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 that UEs would normally operate with TTI length of 10 ms as proposed in [2] and UEs in power limited situation would fall back to legacy R99 transmission mode; that is, in normal 20 ms TTI. This is illustrated in Figure 1. The power limited mode refers to the scenario that the total UE transmit power would exceed maximum allowed value. Two differences between normal and power limited modes are:
1.  In general the SF (spreading factor) in normal mode can be reduced by 2 (reference to the power limited mode SF) to enable the transmission of the speech information bits in a 10 ms frame rather than in a 20 ms frame. 
2.  In normal mode, a speech frame is only transmitted in the first radio frame (10 ms) and the second radio frame is DTXed.
Apparently there is no specification change and the legacy R99 UL transport channel multiplexing and processing is kept unchanged. There is no need to concatenate UL speech class A, B and if present C bits together into a single transport channel.  

Whether or not the TTI is being transmitted in legacy way is signaled in the TFCI.
2.2 	UL DPCCH channel modification for ACK signalling 
The UL DPCCH slot format #0 in [4] is adopted here and the slot format shall be kept unchanged as shown in Figure 2. However, the DPCCH fields might be changed depending on the slot index number. For example as shown in Figure 3, in the first 10 slots, UL DPCCH slot fields (pilots, TFCI & TPC) are not changed and in the remaining speech frame, UL DPCCH slot fields might be changed to include pilots, ACK/NACK, TPC. Note that the TPC rate is still kept at 1500 Hz. The design can be summarized as follows:
1.  UL DPCCH slot format is not changed from R99
2.  Within each 20 ms TTI, the first 10 slots will carry Pilot, TFCI, TPC bits and the remaining slots will carry pilot, NACK or ACK, and TPC bits. The total 20 TFCI bits shall always be transmitted in the first 10 slots.
3.  TPC rate is not changed (1500 Hz)
4.  All symbols (pilot, TFCI, TPC, NACK/ACK) within each slot shall be transmitted with equal power

The proposed modified UL DPCCH will be hereinafter referred to as M-DPCCH-S0 (UL DPCCH slot format #0 in [4]). Two alternative UL ACK indication design proposals in TR 25.702 [1] are also presented in Figure 4 for comparison purpose. The proposal in 4.1.3.1 of [1] is a new control channel, named as UL FET-DPCCH. The UL DPCCH paired with FET-DPCCH shall be referred here as DPCCH-S1 (UL DPCCH slot format #1, no TFCI bits). The proposal in 4.1.3.2 of [1] is also a modified UL DPCCH structure, hereafter referred to as M-DPCCH-S2 (its format is similar to UL DPCCH format #2 in [4]). The main differences between these 3 UL control channel designs can be summarized in Table 1.

[bookmark: _Ref378515722]Table 1: UL Control channel difference
	
	M-DPCCH-S0
(MediaTek)
	M-DPCCH-S2
(ZTE)
	FET-DPCCH +
DPCCH-S1
(Qualcomm)

	R99 slot structure modification
	No
	Yes
	No

	Add new control channel
	No
	No
	Yes

	Number of UL control channel
	1
	1
	2

	TFCI 
	No. of bits
	20
	20
	20

	
	TX duration
	First 10 slots
	First 7 slots
	First 2 slots

	Number of pilot symbols
	6
	5
	8

	Number of ACK/NACK symbols
	2
	3
	10

	ACK Modulation Type
	BPSK
	BPSK
	OOK with 3dB Power offset
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[bookmark: _Ref378233905]Figure 1- UL DPDCH transmission





[bookmark: _Ref378620696]Figure 2- New Uplink DPCCH slot fields



[bookmark: _Ref378193054]Figure 3- Uplink DPDCH & DPCCH transmission



[bookmark: _Ref378362501]Figure 4: Two alternative UL ACK indication proposals in TR 25.702 [1]

3	Performance evaluation
The performance evaluation is conducted by simulation. For performance comparison purpose, three UL transport channel processing schemes have been considered here, namely:
1. Legacy R99, hereafter referred to as UL R99
2. UL FET Solution 1 in Table 13-1 of [1], referred to as UL-FET
3. UL speech frame compression method proposed in Subsection 2.1, hereafter referred to as UL-FET-Less
For UL ACK signaling design, three schemes are also considered here, namely M-DPCCH-S0, M-DPCCH-S2 and UL FET-DPCCH

The four UL data and control combinations considered are:
1. R99 UL DPDCH+ R99 UL DPCCH 
2. UL-FET-Less + M-DPCCH-S0; 
3. UL-FET-Less + M-DPCCH-S2;
4. UL-FET + DPCCH-S1 + FET-DPCCH
More details are listed in Table 2. First, we consider UL only case and ignore the impacts on DL performance due to UL FET or FET-Less design. The evaluation assumptions are detailed in [5] and [6]. The performance evaluation results are given in Table 3. It has been observed and is worth pointing out that the DTCH BLER performance of the UL design: UL-FET + DPCCH-S1 + FET-DPCCH, degrades a lot (about 3%) for PA3 channel as one can see from Figure 5. 
The contribution in [5] considers the impact on DL performance due to the UL FET or FET-Less design. It is shown that there is about 0.66 dB link gain reduction if a UL FET design is used which introduces a necessary DL ACK indication channel overhead. The evaluation summarization from [5] is presented in Table 4. 
From the evaluation results, a few observations can be made:
1. UL FET can obtain larger link gain compared to UL FET-Less design if a standalone UL only transmission is considered.
2. UL FET combined with UL FET-DPCCH shows large DTCH BLER (about 3%) for PA3 channel. This is due to the high false alarm rate (about 1%) of the DL ACK indication channel in PA3 [5][6].
3. UL ACK indication design M-DPCCH-S2 shows larger miss detection rate and it is due to less number of pilot symbols used for this design (5 bits compared to 6 bits used in UL DPCCH slot format #0 or M-DPCCH-S0)
4. [bookmark: _Ref378235998]UL FET-Less design provides UL link gain and power saving compared to legacy R99 solution and also eliminates the need of DL ACK signaling which leads to larger DL link gains.
5. UL FET combined with UL FET-DPCCH shows large TFCI decoding error rate (1.5%) for soft handover scenarios, which is 30 times larger than 0.05% for legacy R99
[bookmark: _Ref378367119]
Table 2: UL data and control channel parameters
	
	R99 DPDCH  +
R99 DPCCH
	UL FET-Less  +
M-DPCCH-S0
	UL FET-Less +
M-DPCCH-S2
	UL-FET +
UL DPCCH-S1
UL FET-DPCCH

	UL FET
	No
	No
	No
	Yes

	TPC Rate
	1500 Hz
	1500 Hz
	1500 Hz
	1500 Hz

	BLER at 10 ms
	N/A
	N/A
	N/A
	0.15

	BetaD/BetaC
	{ X,   7/15, 14/15,
 13/15, 15/14, 15/11}
	{ X, 11/15, 15/11,
15/12, 15/10, 15/8}
	{ X, 11/15, 15/11,
15/12, 15/10, 15/8}
	{ X,   8/15, 15/11,
 13/15, 15/14, 15/11}



[bookmark: _Ref378493076]
Table 3: UL only performance evaluation
	
	R99 DPCCH 
R99 DPCCH
	UL FET-Less 
M-DPCCH-S0
	UL FET-Less 
M-DPCCH-S2
	UL-FET 
UL DPCCH-S1
UL FET-DPCCH

	Power reduction gain (dB)
	Single link
	0
	0.8
	0.4
	1.0

	
	SHO
	0
	0.9
	0.5
	1.2

	False alarm rate
	Single link
	N/A
	0.04%
	0.05%
	0.04%

	
	SHO
	N/A
	0.3%
	0.4%
	0.3%

	Miss detection rate
	Single link
	N/A
	6%
	13%
	8%

	
	SHO
	N/A
	13%
	20%
	18%

	TFCI Error rate
	Single link
	0
	0.01%
	0.01%
	0.3%

	
	SHO
	0.05%
	0.4%
	0.6%
	1.5%


SHO: soft-handover or multiple-cell scenarios



[bookmark: _Ref378498503][bookmark: _Ref378498491]Table 4: DL & UL performance evaluation
	Link gain (dB)
	R99
	Scheme 1:
DL Interleave-repeat
UL FET-Less  +
M-DPCCH-S0
	Scheme 2:
DL Pseudo-flexible RM
UL-FET +
UL DPCCH-S1
UL FET-DPCCH
	Scheme 2 – Scheme 1

	DL
	0
	2.01
	1.35
	-0.66

	UL 
	0
	0.81
	1.14
	0.33


DL Pseudo-flexible RM: DL FET solution 3 in Table 13-1 of [1]
DL Interleave-Repeat: DL FET solution 4 in Table 13-1 of [1] 


[bookmark: _Ref378516360]Figure 5: DTCH BLER performance comparison
4. Conclusions
From the evaluation results it can be concluded that UL speech compression method or UL FET-Less design provides link gain and power saving compared to legacy R99 speech service solution and it also eliminates the necessity of DL ACK signalling which leads to larger DL link gain than UL FET solution. With the UL FET-Less scheme, the NodeB receiver no longer needs to decode each UE speech frame multiple times which is a mandatory requirement for UL FET design.

Compared to UL FET-DPCCH and M-DPCCH-S2 design, the proposed UL ACK signalling solution reuses the existing R99 UL DPCCH slot format and maintains the very low false alarm rate and at the same time keeps the reasonable lower miss detection rate. The TFCI performance for the proposed UL ACK signalling solution is closer to R99 TFCI performance than other solutions.

Considering all those benefits the UL FET-Less scheme combined with M-DPCCH-S0 ACK signalling provides, we propose:

Proposal 1: UL speech frame compression method (UL FET-Less design) shall be adopted to be standardized for DCH enhancements.

Proposal 2: UL ACK indication design (M-DPCCH-S0) shall be adopted to be standardized for enhanced DCH
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6   	Annex
There are several scenarios that need to be considered about when to transmit NACK or ACK and how many slots with NACK or ACK should be transmitted. These scenarios are shown in Figure 6 and Figure 7 respectively. Figure 6 considers normal mode (10 ms) transmission and Figure 7 does power limited mode (20 ms) transmission. When to start transmitting ACK in each case in Figure 6 and Figure 7 depends on when the DL speech data is decoded successfully and it is summarized in Table 5.

[bookmark: _Ref378512846]Table 5: Summary- slot number that DL speech passed CRC
	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7

	Slot # 
DL Speech passed CRC
	9
	11
	13
	15
	9
	11
	27
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[bookmark: _Ref378513046]Figure 6: UL normal mode (10 ms) transmission 


[bookmark: _Ref378356983]Figure 7: UL power limited mode (20 ms) transmission
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