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1 Introduction 
In RAN1#72 in St Julian’s, Malta, DCH enhancements was discussed. It was noted that the coexistence of the enhancements with HSPA should be considered.

The following emerged as initial list of enhancements to study when mapping voice service (AMR-family of codecs only) and SRB on DCH:

· Downlink

· DPCCH overhead optimization (reduction of pilot/TFCI overhead)

· DPDCH frame early termination

· DCCH handling with FET

· Uplink ACK modeling for FET

· Longer (16-bit) CRC

· Time multiplexing and lower spreading factor / higher order modulation for DPCH

· Reduced power control rate

· Soft handover optimization

· Node B DTX/UE DRX

· Uplink

· DPDCH frame early termination

· DCCH handling and FET

· Downlink ACK modeling for FET

· TFCI early transmission

· Uplink DPCCH slot format optimization

· Longer (16-bit) CRC

· DTCH/DCCH time compression (transmitting a TTI with a halved SF)/repetition

· Reduced power control rate

· UE DTX/Node B DRX

· Time multiplexing and lower uplink spreading factor / higher order modulation for DPDCH
This contribution presents Time multiplexing and lower spreading factor / higher order modulation for DPCH and gives some key simulation results.
2 TDM with Reduced DCH Spreading Factor
We can reduce the uplink DCH spreading factor, for example, being 1/K (
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) of the normal spreading factor. Thus each user’s data transmission time could also be reduced to 1/K of the normal transmission time in a TTI. We can further stagger each user’s transmission time. Then realize K-user Time Division Multiplexing (TDM) to some extent. The TDM operation reduces the number of users transmitting data at the same time. Thus avoid the interference of the users at different time and improve the system capacity. 
The traditional R99 service UE uplink work mode is illustrated in Figure 1. 
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Figure 1: Traditional R99 service UE uplink work mode
When the DCH spreading factor is reduced, for example, the DCH spreading factor halves, the system users can be divided into two groups for TDM operation, and the transmission time of each DPDCH / DPCCH halves (e.g., the 20ms TTI voice packet will be transmitted in 10ms). The interference of the system will reduce substantially in the case of the same number of users. The Eb/No required for data transmission is almost invariant. So the system capacity will improve substantially. The uplink work mode when DCH spreading factor halves is illustrated in Figure 2. 
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Figure 2: Uplink work mode when DCH spreading factor halves (K=2)
If the spreading factor becomes quarter or one eighth of normal spreading factor, the system capacity will improve further, in this case, the 20ms TTI voice data may be transmitted in some sub-frame, thus the TFCI coding also need to compress to sub-frame level. The uplink work mode when DCH spreading factor become quarter is illustrated in Figure 3, where each user transmits data for 8 slots every 20ms TTI.
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Figure 3: Uplink work mode when DCH spreading factor quarters, K=4 (8 slot)
3 Link Level Simulation for Uplink
3.1 Results when power control off
According to the following formula, the Ec/No is transformed into Ecp/No (DPCCH). 
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The performance of DPDCH BLER vs. DPCCH (Ecp/No) performance is shown in Figure 4 and Figure 5.
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Figure 4: Power Control off (AWGN)
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Figure 5: Power Control off (PA3)
We can see from Figure 4 and Figure 5 that there is not obvious increase of the DPCCH Ecp at the same BLER (1%) for K=1, K=2, and K=4 (8 slot). The performance of K=4 (6 slot) is about 1.5dB worse than K=4 (8 slot), which is due to that K=4 (6 slot) reduces the repeat gain of rate matching. The DPCCH Ecp of K=4 (6 slot) needs to increase about 1.5dB compared with K=4 (8 slot).
3.2
Results when power control on
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Figure 6: Power Control on (AWGN) SIR Target
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Figure 7: Power Control on (PA3) SIR Target
We can see from Figure 6 and Figure 7 there is no obvious influence with power control preamble or without preamble at AWGN, but the influence of the preamble will increase with the increase of K at PA3.
When K=4, there are obvious difference between 6 slot and 8 slot link performance.
4 Conclusion 
Based on our analysis we propose the following:
The text proposal for Time multiplexing and lower uplink spreading factor is provided in the Annex A. We propose to include the TP in the TR 25.702 [5].
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Annex A: Text Proposal
------------- Start of Text Proposal -------------------
5
DCH Enhancements

This section captures the candidate technologies and solutions for DCH enhancement
5.1
Uplink Physical Layer Enhancements

5.1.x
TDM with reduced DCH spreading factor
The uplink DCH spreading factor could be reduced, for example, to 1/K (
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) of the normal spreading factor. Thus each user’s data transmission time could also be reduced to 1/K of the normal transmission time in a TTI. We can further stagger each user’s transmission time. Then realize K-user Time Division Multiplexing (TDM) to some extent. The TDM operation reduces the number of users transmitting data at the same time. Thus avoid the interference of the users at different time and help improve the system capacity. 

When the DCH spreading factor is reduced, for example, the DCH spreading factor halves, the system users can be divided into two groups for TDM operation, and the transmission time of each DPDCH / DPCCH halves (e.g., the 20ms TTI voice data will be transmitted in 10ms). The interference of the system will reduce substantially in the case of the same number of users. The Eb/No required for data transmission is almost invariant. So the system capacity will improve substantially. The uplink work mode when the DCH spreading factor halves and quarters is illustrated in Figure x1x and Figure x2x respectively. 
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Figure x1x: The uplink work mode when DCH spreading factor halves （K=2）
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Figure x2x: Uplink work mode when DCH spreading factor quarters, K=4 (8 slot)
------------- End of Text Proposal -------------------
Annex B: Simulation Assumptions
Link Level Simulation Parameters for Uplink

	Parameter
	Value

	Physical Channels
	DPCCH, DPDCH

	Modulation
	BPSK

	DCH traffic type
	AMR12.2K 

	DCH transport channels
	DTCH carries a fixed size AMR transport block.

DCCH (carrying SRBs) is configured but not transmitted.

	(DTCH, DCCH) TTIs
	 (20,40)ms

	DTCH TBS and spreading factor
	SF64 (K=1), SF32 (K=2), SF16 (K=4), SF8 (K=8)

	TFCI encoding
	K=1 and K=2 (30,10)

K=4 (12, 5); 6slot and 8slot
K=8 (6, 3)

	
	

	DCH rate-matching
	Since DCCH is not transmitted, rate-matching punctures or repeats encoded DTCH packet so as to fill up all available DPDCH bits in the TTI, in accordance with 3GPP TS 25.212

	Puncturing Limit (PL)
	0.66

	DPDCH/DPCCH power ratio
	  2.69dB  when K is set to 1,
  5.69dB when K is set to 2,
8.69dB when K is set to 4,
11.69dB when K is set to 8

	DPCCH slot format
	0 (6 pilots, 2 TFCI, 2 TPC bits per slot).

	UL DPCH ILPC rate
	1500Hz

	ILPC up-down power step-size
	1dB

	Bit-error rate for ILPC up-down commands
	4%

	DPCH ILPC feedback delay
	2 slots

	OLPC BLER target
	1% residual BLER after 20ms

	OLPC SIR-target up-step on packet error
	0.5dB

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Convolutional coder

	Channel estimation for DCH demodulation and ILPC SNR estimation
	Realistic

	Transport format detection
	 Realistic (TFCI errors impact DTCH BLER)

	Propagation Channel
	PA3: Modified ITU. See Table B1 below for power-delay profiles

	UE Receiver Type
	Rake (Maximum Ratio Combining (MRC) across fingers)

	Rake Finger Configuration
	Frequency and time tracking loops are disabled. A finger is assigned at each channel path delay, except for the last (highest delay) path.

	Active set size
	1,2

	Link imbalance in SHO
	0dB

	RM attributes
	AMR12.2K: 180,172,232, for DTCH-A,B,C.


Table B1: Power-delay profiles for modified fading channels
	Channel
	Path delays (in 1/8th of a chip)
	Path powers (dB relative to total power =1)

	Modified PA
	1,201
	-0.22,-13.06


Table B2: Voice packets simulated on UL

	Vocoder
	Packet
	TBS= Ninfo
	CRC size=Ncrc

	AMR12.2K
	Full  (A,B,C)
	(81,103,60)
	(12,0,0)
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