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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1]. This contribution provides a text proposal on DPCH time devision multiplexing and some preliminary link level simulation results to the Technical Report [2].

2
Text Proposal
--------------------------------------------------------- Start of text proposal 1----------------------------------------------------------

5
DCH Enhancements

5.1
Uplink Physical Layer Enhancements
5.2
Downlink Physical Layer Enhancements
5.2.x
DPCH Time Division Multiplexing
Technologies such as receive diversity (RxD), interference cancellation, and the recently proposed DCH enhancements [3][4][5][6] have been proved to significantly reduce the required transmit power and allow base station to support more and more active users simultaneously. However, the maximum number of supported users per cell is also constrained by the channelization (OVSF) code resource. In current specification, one user occupies one OVSF code, and with the maximum spreading factor (SF) of 256 the maximum number of CS voice users per scrambling code is 256 (not considering control channels, HSPA services and other 3G services). In reality, for the sake of smaller power allocation, spreading factor 128 is the most common setting for AMR+DCCH applications, which means an even tighter constraint on the cell capacity(i.e. less than 128 users per cell). 

The use of secondary scrambling code is one remedy being specified by current spec to address the above issue. However, due to non-orthogonality between the two scrambling codes, huge interference is introduced between users on primary scrambling code and secondary scrambling code. 

Assuming all channelization codes can be used for voice transmission, the effective number of CS voice users per scrambling code is 128 (128 codes x 1 user/code) when SF128 is used. However, if one SF64 code is shared by 3 users, the number of effective users becomes 192 (64 codes x 3 users/code), which means one scrambling code can support 192 users without loss of OVSF code orthogonality. The code rate loss is roughly 3/(128/64) = 1.5 ≈1.76dB, which can be compensated by removing the dedicated pilot fields as proposed in [3] and [4]. Although the opportunity of data transmission for one user is now once per 3 slots, the control part can still be transmitted at each slot to guarantee a smooth uplink control. The concept of time-slot division for 3 users is illustrated in Figure 5.2.x.1. 
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Figure 5.2.x.1 - Illustration of time-slot division for 3 users in 1 channelization code with SF=64

In reality, control channels also occupy the channelization code resource. Assuming one SF16 code is reserved for the common control channels, for legacy system the effective number of CS voice users per scrambling code now becomes 128 -8 = 120 (assuming no HSPA users). With TDM, the number of effective users becomes 120x3/2=180. 

When considering HSDPA service as well and assuming 10 SF16 codes are reserved for HSDPA users, for legacy system the effective number of CS voice users per scrambling code becomes at most 40. With TDM the number of maximum effective users can increase to 40x3/2 = 60 users.
New DL DPCH slot formats are proposed to facilitate DPCH TDM as shown in Table 5.2.x.1 and Figure 5.2.x.2.
Table 5.2.x.1: New DL DPCH Slot Formats with TDM

	Slot Format #i
	SF
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slot index per radio frame

	
	
	NData1
	NData2
	NTPC
	

	21
	64
	12
	62
	6, last 4 are DTXed
	{0,3,6,9,12}

	
	
	12 DTX
	62 DTX
	6, last 4 are DTXed
	{1,2,4,5,7,8,10,11,13,14}

	22
	64
	12
	62
	6, first 2 and last 2 are DTXed
	{0,3,6,9,12}

	
	
	12 DTX
	62 DTX
	6, first 2 and last 2 are DTXed
	{1,2,4,5,7,8,10,11,13,14}

	23
	64
	12
	62
	6, first 4 are DTXed
	{0,3,6,9,12}

	
	
	12 DTX
	62 DTX
	6, first 4 are DTXed
	{1,2,4,5,7,8,10,11,13,14}
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Figure 5.2.x.2: Illustraction of DL DPCH slot formats for TDM of three users
--------------------------------------------------------- End of text proposal 1-----------------------------------------------------------
--------------------------------------------------------- Start of text proposal 2----------------------------------------------------------
10
Link Evaluation Results

10.x   DPCH Time Division Multiplexing
This section presents the link simulation results for DPCH time division multiplexing as proposed in Section 5.2.x. The following three schemes are evaluated: 

· Legacy R99 system (abbrev. “Legacy” in the following figures); 

· WCDMA with DPCH optimizations including DPCH slot format optimization[4], dynamic TPC[5] and early termination (ET)[6] (abbrev. “E-WCDMA” in the following figures);

· E-WCDMA with DPCH TDM (abbrev. “E-WCDMA+TDM” in the following figures).

Simulation settings of the legacy R99 system are listed in Section 9. Additional simulation settings specific to the new proposals are listed in Section 10.x.1.
10.x.1   Additional Simulation Assumptions for New Proposals
DPCH Slot Format #8 was simulated for the legacy R99 system, while slot format #17[4](as shown in Table 10.x.1.1) and slot Format #21 (as shown in Table 5.2.x.1) were simulated for E-WCDMA and E-WCDMA with DPCH TDM respectively.
Table 10.x.1.1 - DL DPCH Slot Format #8 and the proposed Slot Format #17

	Slot Format #i
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	8
	128
	40
	6
	28
	2
	0
	4
	15

	17
	128
	40
	6
	32
	2
	0
	0
	15


Table 10.x.1.2 and Table 10.x.1.3 list some parameters regarding dynamic TPC[5] and early termination[6]. Figure 10.x.1.1 illustrates an example procedure of switching TPC rates and sending ETI feedbacks.
Table 10.x.1.2: TPC symbol mask and ETI feedback mask 

	Legacy R99 system
	E-WCDMA
E-WCDMA with DPCH TDM

	TPC symbol mask [0:1:29]
	ETI feedback mask [7:2:27]
TPC symbol mask [0:1:6]& [8:2:28]&[29]


Table 10.x.1.3 – ET related parameters

	Parameter
	Value

	ETI feedback error rate
	0%

	ET gap period
	Within slot 20~ slot 26

	CRC size
	16
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Figure 10.x.1.1 – An example of E-WCDMA with DPCH TDM
Table 10.x.1.4 lists some additional parameters. Please be noted that 1.5dB TPC PO is used for E-WCDMA with TDM for fair comparison, otherwise there will be bias against the other two schemes in terms of TPC CER. Since three UEs share one DPCH channel in TDM, the maximum DPDCH Ec/Ior is relaxed from -10dB to -7dB in simulation.
Table 10.x.1.4 – Additional parameters

	Parameter
	Value

	Speech codec
	AMR 12.2k

	TPC PO
	3dB for “Legacy” and “E-WCDMA”
1.5dB for “E-WCDMA+TDM”

	Max Ec/Ior
	-10dB for “Legacy” and “E-WCDMA”

-7dB for “E-WCDMA+TDM”

	TFCI or BTFD
	BTFD

	CE mechanism
	PWC

	CE average symbol length
	29 symbols


10.x.2   Link Evaluation Results of DPCH Time Division Multiplexing
Figure 10.x.2.1, Figure 10.x.2.2 and Figure 10.x.2.3 show the performance of DPCH Tx Ec/Ior, BLER and TPC CER respectively for the aforementioned thress schemes for the case of single active set cell. In case of two active set cells, the simulation results are presented in Figure 10.x.2.4 (averaged DPCH Tx Ec/Ior in linear domain over two cells), Figure 10.x.2.5 and Figure 10.x.2.6 (averaged TPC CER over two cells). 
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Figure 10.x.2.1 DPCH Ec/Ior performance (single cell)
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Figure 10.x.2.2 DTCH BLER performance (single cell)
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Figure 10.x.2.3 TPC CER performance (single cell)
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Figure 10.x.2.4 DPCH Ec/Ior performance (two active set cells)
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Figure 10.x.2.5 DTCH BLER performance (two active set cells)
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Figure 10.x.2.6 TPC CER performance (two active set cells)
The averaged Ec/Ior reduction gain for E-WCDMA and E-WCDMA with TDM against the legacy R99 system for single cell case is summarized in Table 10.x.2.1. The reduction gain (in dB) is averaged over different geometry in dB domain.
Table 10.x.2.1: Averaged DPCH Tx Ec/Ior reduction gain in dB (averaged over packet types)
	Average DPCH Tx Ec/Ior reduction gain (dB)
	PA3
	PB3
	VA30
	VA120
	Averaged over channels

	E-WCDMA
	2.86
	2.93
	4.08
	3.50
	3.34

	E-WCDMA+TDM
	2.97
	2.54
	3.80
	3.04
	3.09


The simulaiton curves of DPCH Ec/Ior for two-cell case are not as smooth as those for single-cell case due to power divergence in soft handover. If the issue of power divergence is not well handled, the benefit from soft handover diversity can be neutralized by the huge power difference between these two links.

As seen in Table 10.x.2.1, E-WCDMA introduces an average of 3.34dB DPCH Tx Ec/Ior reduction gain. With DPCH TDM, the reduction gain drops to 3.09dB, since TDM is designed to relieve the constrants on code resource rather than power resource. In this case, such 0.25dB loss of DPCH Tx Ec/Ior is traded into 50% more effective users, as described in Section 5.2.x. 
--------------------------------------------------------- End of text proposal 2-----------------------------------------------------------
3
Conclusions

Proposal: It is proposed to approve and capture the proposed text in the TR for DCH Enhancement for UMTS SI.
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