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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1]. For DCH enhancement, time division multiplexing (TDM) feature is proposed in R1-131170 “TP on DPCH Time Division Multiplexing” [2]. Pre-liminary link level performance is also provided in R1-131170. Based on updated simulation assumption, this contribution provides updated link level performance and pre-liminary system level performance.
2
Link Evaluation Results

2.1    DPCH Time Division Multiplexing
This section presents the link simulation results for DPCH time division multiplexing as proposed in Section 5.2.x in [2]. The following three schemes are evaluated: 

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

· WCDMA with DPCH optimizations including DPCH slot format optimization[3], dynamic TPC[4] and early termination (ET)[5] (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 of [6]. Additional simulation settings specific to the new proposals are listed in Section 2.1.1.
2.1.1   Additional Simulation Assumptions for New Proposals
DPCH Slot Format #8 was simulated for the legacy R99 system, while slot format #17[3](as shown in Table 2.1.1.1) and slot Format #21 (as shown in Table 2.1.1.1) were simulated for E-WCDMA and E-WCDMA with DPCH TDM respectively.
Table 2.1.1.1 - 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

	21
	64
	80
	12
	62
	6, last 4 are DTXed
	0
	0
	{0,3,6,9,12}

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


Table 2.1.1.2 and Table 2.1.1.3 list some parameters regarding dynamic TPC[4] and early termination[5]. Figure 2.1.1.1 illustrates an example procedure of switching TPC rates and sending ETI feedbacks.
Table 2.1.1.2: 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 [11:2:27]
TPC symbol mask [0:1:10]& [12:2:28]&[29]


Table 2.1.1.3 – ET related parameters

	Parameter
	Value

	ETI feedback error rate
	0%

	ET gap period
	Within slot 20~ slot 27

	CRC size
	16
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Figure 2.1.1.1 – An example of E-WCDMA with DPCH TDM
Table 2.1.1.4 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 2.1.1.4 – 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


2.1.2   Link Evaluation Results of DPCH Time Division Multiplexing
Figure 2.1.2.1, Figure 2.1.2.2 and Figure 2.1.2.3 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 2.1.2.4 (averaged DPCH Tx Ec/Ior in linear domain over two cells), Figure 2.1.2.5 and Figure 2.1.2.6 (averaged TPC CER over two cells). 
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Figure 2.1.2.1 DPCH Ec/Ior performance (single cell)
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Figure 2.1.2.2 DTCH BLER performance (single cell)
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Figure 2.1.2.3 TPC CER performance (single cell)
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Figure 2.1.2.4 DPCH Ec/Ior performance (two active set cells)
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Figure 2.1.2.5 DTCH BLER performance (two active set cells)
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Figure 2.1.2.6 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 2.1.2.1. The reduction gain (in dB) is averaged over different geometry in dB domain.
Table 2.1.2.1: 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
	2.87
	2.89
	3.67
	3.42
	3.22

	E-WCDMA+TDM
	2.70
	2.53
	3.44
	2.94
	2.90


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 2.1.2.1, E-WCDMA introduces an average of 3.22dB DPCH Tx Ec/Ior reduction gain. With DPCH TDM, the reduction gain drops to 2.90dB, since TDM is designed to relieve the constrants on code resource rather than power resource. In this case, such 0.32dB loss of DPCH Tx Ec/Ior is traded into 50% more effective users, as described in Section 5.2.x of [2]. 
3
System Evaluation Results

3.1    DPCH Time Division Multiplexing

This section shows the system level simulation results on the average cell throughput and average power per cell used by voice users as proposed in Section 5.2.x in [2], compared with those of legacy R99 system. The simulation settings are listed in Section 9 of [6]. Additional simulation settings which are specific to the proposed DPCH TDM are listed in Table 2.1.1.1, Table 2.1.1.2 and Table 2.1.1.4. Please be noted that the ET gap is not included in following simulations. The results with ET gap are still in preparation.
Based on the simulation settings listed in Section 9 of [6], the percentage of voice users with active set size of 1, 2 and 3 is listed in Table 3.1.1.

Table 3.1.1 Percentage of voice users with active set size of 1, 2 and 3
	Active Set Size
	Percentage (%)

	1
	54.50

	2
	24.82

	3
	20.68


Figure 3.1.1 and Figure 3.1.2 show the results of average cell throughput with different numbers of voice users per cell for legacy R99 system, E-WCDMA and E-WCDMA with TDM. The values of cell throughput and percentage of voice users with BLER > 3% are listed in Table 3.1.2 and Table 3.1.3 for PA3 and VA30, respectively. The calculation of HSDPA throughput is based on the simplified simulation methodology for HSPA throughput model in Section 9 of [6]. As seen in the figures, the HSDPA throughput of E-WCDMA with TDM is highest when the number of voice users per cell is larger than eight.
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Figure 3.1.1 HSDPA throughput v.s. Number of voice users per cell for legacy R99, E-WCDMA and E-WCDMA with TDM in PA3
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Figure 3.1.2 HSDPA throughput v.s. Number of voice users per cell for legacy R99, E-WCDMA and E-WCDMA with TDM in VA30
Table 3.1.2 HSDPA throughput v.s. Number of voice users per cell for legacy R99, E-WCDMA and E-WCDMA with TDM in PA3
	Number of voice users per cell
	Legacy R99
	E-WCDMA
	E-WCDMA with TDM

	
	Throughput (Mbps)
	Percentage of BLER>3%
	Throughput (Mbps)
	Percentage of BLER>3%
	Throughput (Mbps)
	Percentage of BLER>3%

	8
	5.48
	0.00
	5.80
	0.00
	5.77
	0.00

	16
	4.38
	0.00
	4.99
	0.00
	5.24
	0.00

	24
	3.39
	0.00
	4.48
	0.00
	4.65
	0.02

	32
	2.28
	0.00
	3.80
	0.00
	4.08
	0.05

	40
	1.09
	0.00
	3.29
	0.00
	3.68
	0.09

	48
	0.26
	6.94
	2.50
	0.00
	3.06
	0.13


Table 3.1.3 HSDPA throughput v.s. Number of voice users per cell for legacy R99, E-WCDMA and E-WCDMA with TDM in VA30
	Number of voice users per cell
	Legacy R99
	E-WCDMA
	E-WCDMA with TDM

	
	Throughput (Mbps)
	Percentage of BLER>3%
	Throughput (Mbps)
	Percentage of BLER>3%
	Throughput (Mbps)
	Percentage of BLER>3%

	8
	3.17
	0.00
	3.30
	0.00
	3.29
	0.00

	16
	2.66
	0.00
	2.88
	0.00
	3.04
	0.00

	24
	2.25
	0.00
	2.67
	0.00
	2.74
	0.00

	32
	1.81
	0.00
	2.26
	0.00
	2.48
	0.00

	40
	1.23
	0.00
	1.91
	0.00
	2.21
	0.00

	48
	0.89
	0.00
	1.64
	0.00
	1.98
	0.00


Table 3.1.4 Average power per cell used by voice users in PA3
	Number of voice users per cell
	Legacy R99
	E-WCDMA
	E-WCDMA with TDM

	
	Average power used by voice users (dBm)
	Average power used by voice users (dBm)
	Average power used by voice users (dBm)

	8
	34.90
	31.75
	32.13

	16
	38.01
	34.79
	35.18

	24
	39.84
	36.59
	36.88

	32
	40.89
	37.77
	38.19

	40
	41.64
	38.69
	39.05

	48
	41.93
	39.54
	39.86


As presented in Table 3.1.5, there is a loss in average power used by voice users in E-WCDMA with TDM when compared with those of E-WCDMA. However, Table 3.1.6 shows that more SF-16 codes can be saved for HSDPA when TDM is introduced. Due to more effective usage of code resouce, the throughput in E-WCDMA with TDM is higher when the number of voice users per cell is lager than eight.

Table 3.1.5 Average power per cell used by voice users in VA30
	Number of voice users per cell
	Legacy R99
	E-WCDMA
	E-WCDMA with TDM

	
	Average power used by voice users (dBm)
	Average power used by voice users (dBm)
	Average power used by voice users (dBm)

	8
	33.46
	30.15
	30.47

	16
	36.46
	33.40
	33.82

	24
	38.06
	35.23
	35.48

	32
	39.35
	36.46
	36.80

	40
	40.45
	37.42
	37.77

	48
	41.03
	38.15
	38.58


Table 3.1.6 Available SF-16 OVSF code for HSDPA

	Number of voice users per cell
	E-WCDMA
	E-WCDMA with TDM

	
	PA3 / VA30
	PA3 / VA30

	8
	13
	13

	16
	11
	12

	24
	10
	11

	32
	8
	10

	40
	7
	9

	48
	50 ailable SF-16 OVSF code for HSDPA user
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The power reduction gain of average power used by voice users is listed in Table 3.1.7. The average power reduction gains in E-WCDMA are around 3 dB for both PA3 and VA30. And the gains are around 2.65 dB for both PA3 and VA30 in E-WCDMA with TDM.

Table 3.1.7 Power reduction gain of average power used by voice users in E-WCDMA and E-WCDMA with TDM
	Power Reduction Gains (dB)

	Number of voice users per cell
	E-WCDMA
	E-WCDMA with TDM

	
	PA3
	VA30
	PA3
	VA30

	8
	3.15
	3.31
	2.77
	2.99

	16
	3.22
	3.06
	2.83
	2.64

	24
	3.25
	2.85
	2.96
	2.60

	32
	3.12
	2.89
	2.70
	2.55

	40
	2.95
	3.04
	2.59
	2.68

	48
	2.39
	2.88
	2.07
	2.45


4
Conclusions
TDM feature trades power reduction for code resource. Sometime, there is not enough OVSF code for voice user. If there is still residual NodeB power, by introducing TDM, more voice users can be served. Considering HSDPA, although TDM causes little more power waste on voice users, the released extra SF-16 OVSF code is beneficial to increase HSDPA throughput.
Proposal: It is proposed to discuss and capture the presented simulation results in the corresponding sections of TR for DCH Enhancement for UMTS SI.
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