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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1]. For DCH enhancement, early termination feature is proposed in R1-131167 “TP on DPCH Slot Format Optimization” [2]. Pre-liminary link level performance is also provided in R1-131167. Based on updated simulation assumption, this contribution provides updated link level performance and pre-liminary system level performance.

2
DCH Enhancements

2.1
Downlink Physical Layer Enhancements
2.1.1    Downlink DPCH Slot Format Optimization

The downlink DPCH (DL Dedicated Physical Channel) is a time multiplex of DL DPDCH (Dedicated Physical Data Channel) and DL DPCCH (Dedicated Physical Control Channel). DL DPCCH occupies considerable ratio of the DL DPCHFor example, in slot format #8, it is commonly observed in field trials that DPCCH occupies 15% of the slot. Therefore, the downlink DPCCH can be further optimized to improve the efficiency of data transmission.

The existing design on DL DPCH slot format is tightly coupled with both downlink and uplink transmission power control. Therefore optimizations of the DPCH slot format shall take account of quality of SINR estimation, error rate of transmit power control command and round trip delay thereof, as described in the following sessions.

2.1.1.1   Removal of DL DPCH pilot fields

In this section, 4 new DL DPCH slot formats (#17, #18, #19 and #20) are proposed, as shown in Table 2.1.1.1 The new slot formats are transformations of the legacy slot format #8 with pilot fields being removed, as illustrated in Figure 2.1.1.1. 

Table 2.1.1.1 - The proposed new DL DPCH slot formats
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	17
	60
	30
	128
	40
	6
	32
	2
	0
	0
	15

	18
	60
	30
	128
	40
	4
	32
	4
	0
	0
	15

	19
	60
	30
	128
	40
	38
	0
	2
	0
	0
	15

	20
	60
	30
	128
	40
	36
	0
	4
	0
	0
	15
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Figure 2.1.1.1 – Illustration of the proposed new DL DPCH slot formats

Slot format #17 is a transformation of slot format #8 with pilot field being replaced by data2 field. 

Slot format #18 is similar to slot format #17 but 2 TPC symbols are transmitted. Since the number of TPC symbols is doubled in slot format #18, the TPC power offset can be reduced by 3dB (compared with slot format #17) to achieve the same link performance (i.e. TPC command error rate, DTCH BLER and required DL DPCH_Ec/Ior) as slot format #17. With such characteristic, slot format #18 makes the NodeB transmit power more steady in symbol-wise and reduces the chance of touching the maximum transmit power of NodeB.

Once the pilot filed is removed, TPC bits are the only bits in the DPCCH for BTFD-based scenarions. The TPC field can also be located at the end of the slot, which introduces slot format #19 and slot format #20.
Since the DL DPCH slot format is tightly coupled with downlink and uplink transmission power control, the downlink and uplink transmission power control loop are modified for the aforementioned new slot formats as described below.

Figure 2.1.1.2 illustrates the UL/DL TPC timing for slot format #8, which assumes 1 slot delay of DL TPC and 2 slot delay of UL TPC. 
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Figure 2.1.1.2 – TPC timing diagrams for legacy DL DPCH slot format #8

Figure 2.1.1.3 illustrates the UL/DL TPC timing for slot format #17. The delay of DL TPC and UL TPC is 2 slots now since the position of TPC field remains unchanged.


[image: image3.emf]DL @ BS

DL @ MT

UL @ MT

UL @ BS

Slot #0 Slot #1 Slot #2 Slot #3 Slot #13 Slot #14

Slot #0 Slot #1 Slot #2 Slot #3 Slot #13 Slot #14

DL TPC delay = 2 slots, UL TPC delay = 2 slots

TPC

DL TPC

Pilot TFCI Data

Reserved

UL TPC


Figure 2.1.1.3 – TPC timing diagrams for proposed new DL DPCH slot format #17

Figure 2.1.1.4 illustrates the UL/DL TPC timing for slot format #20. The DL TPC delay is 1 slot and UL TPC delay is 2 slots, which are the same as the legacy format.
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Figure 2.1.1.4 – TPC timing diagrams for proposed new DL DPCH slot format #20

In case of slot formats #17 and #18, the DL DPCH power update occurs at the beginning of each slot. In case of slot formats #19 and #20, the DL DPCH power update starts at the TPC field which is located at end of each slot.

The link level simulation results comparing the performance of the proposed slot format #17, #18 and the legacy slot format #8 are presented in Section 3.1.1.1.
3
Link Evaluation Results
3.1
Downlink Physical Layer Enhancements
3.1.1    Downlink DPCH Slot Format Optimization

3.1.1.1    Removal of DL DPCH pilot fields

This section shows the link simulation results on the DL DTCH BLER, TPC command error rate and DPCH Ec/Ior for the new slot format #17 and #18 proposed in Section 2.1.1.1, compared with those of legacy slot format #8. The link level simulation results of slot format #19 and #20 are quite similar to those of slot formats #17 and 18 respectively and hence are not presented here. Simulation settings of the legacy slot format are listed in Section 9 of [3]. Additional simulation settings which are specific to the proposed new slot formats are listed in Table 3.1.1.1 and Table 3.1.1.2. 

Table 3.1.1.1 Additional simulation assumptions for the proposed new slot formats

	DL DPCH slot format
	Number of TPC symbols
	Number of Pilot symbols
	TPC power offset (dB)

	Slot format #8 (1TPC/2PL)
	1
	2
	3

	Slot format #17 (1TPC/0PL)
	1
	0
	3

	Slot format #18 (2TPC/0PL)
	2
	0
	0


Table 3.1.1.2 – Additional parameters

	Parameter
	Description

	Speech codec
	AMR 12.2k

	RX finger assignment
	The unit is 1/8 chip

PA : [0, 3, 6, 13]

PB : [0, 6, 25, 37, 71, 114]

VA : [0, 10, 22, 33, 53, 77]

	CE mechanism
	PWC

	CE average symbol length
	29 symbols


Figure 3.1.1.1 and Figure 3.1.1.2 show the simulation results on DL DTCH BLER for single link and 2-cell soft handover respectively. As seen the DL DTCH BLERs are similar among different DL DPCCH slot formats, and the results indicate that pilot removal has no performance degradation to the DL DTCH BLER.
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Figure 3.1.1.1 - DL DTCH BLER (single link)
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Figure 3.1.1.2 - DL DTCH BLER (2-cell soft handover)

Figure 3.1.1.3 and Figure 3.1.1.4 show the simulation results on DL cell averaged TPC command error rate for single link and 2-cell soft handover respectively. Similarly, the TPC CERs are quite similar among different slot formats, which inidicates that pilot removal has no performance impact to the decoding of TPC.
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Figure 3.1.1.3 - TPC command error rate (single link)
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Figure 3.1.1.4 - TPC command error rate (2-cell soft handover)
Figure 3.1.1.5 and Figure 3.1.1.6 show the results of transmit power consumption in terms of the required downlink DPCH Ec/Ior for single link and 2-cell soft handover respectively. Please be noted that the required DPCH Ec/Ior in SHO is averaged over all cells in active set, but not combined. 

As seen in Table 3.1.1.2 and Table 3.1.1.3, the power reduction gain from different pilot removal solutions are quite similar and the gain is about 1.2 dB for single link and 1.0 dB for 2-cell soft handover, compared with slot format #8, respectively.
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Figure 3.1.1.5 - Required downlink DPCH Ec/Ior (single link)
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Figure 3.1.1.6 - Required downlink DPCH Ec/Ior (2-cell soft handover)
	Slot Format #17
	Power Reduction Gain (dB)

	Fader Models
	Single link
	2-cell soft handover

	PA3
	1.07
	1.06

	PB3
	1.07
	1.06

	VA30
	1.27
	0.94

	VA120
	1.29
	1.00


Table 3.1.1.2 Power reduction gain for the slot format #17 over slot format #8

	Slot Format #18
	Power Reduction Gain (dB)

	Fader Models
	Single link
	2-cell soft handover

	PA3
	1.10
	1.03

	PB3
	1.01
	1.02

	VA30
	1.14
	1.04

	VA120
	1.25
	1.07


Table 3.1.1.3 Power reduction gain for the slot format #18 over slot format #8

4
System Evaluation Results
4.1
Downlink Physical Layer Enhancements
4.1.1    Downlink DPCH Slot Format Optimization

This section shows the system level simulation results on the average cell throughput and average power per cell used by voice users for the new slot format #17 proposed in Section 2.1.1.1, compared with those of legacy slot format #8. The simulation settings are listed in Section 9 of [3]. Additional simulation settings which are specific to the proposed slot formats are listed in Table 3.1.1.1.
Based on the simulation settings listed in Section 9 of [3], the percentage of voice users with active set size of 1, 2 and 3 is listed in Table 4.1.1.1.







Table 4.1.1.1 Percentage of voice users with active set size of 1, 2 and 3
	Active Set Size
	Percentage (%)

	1
	54.17

	2
	25.29

	3
	20.54


Figure 4.1.1.1 and Figure 4.1.1.2 show the CDF of the run-lengths of consecutive voice packet errors for legacy slot format #8 and new slot format #17 in different numbers of voice users per cell and channel fadings, respectively. As seen in the figures, the run-lengths of consecutive voice packet errors are short in all cases. In both slot format #8 and slot format #17, the probability of single voice packet error is larger than 85%.

[image: image11.png]PA3 VA3D
1 1
095 095
08 08
085 085
08 08
w
& o7s 075 —— 8 CS voice calls
07 07 —— 16 CS voice calls
0.65 065 ——24.C5 voice calls
32 CS voice calls
08 08 —— 40 CS voice calls
055 055 —— 48 CS voice calls
05 05
1 3 4 5 1 2 3 4

Consecitive voice packet errors





Figure 4.1.1.1 CDF of the run-lengths of consecutive voice packet errors for slot format #8
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Figure 4.1.1.2 CDF of the run-lengths of consecutive voice packet errors for slot format #17
Figure 4.1.1.3 and Figure 4.1.1.4 show the results of average cell throughput with different numbers of voice users per cell for slot format #8 and slot format #17, respectively. The calculation of HSDPA throughput is based on the simplified simulation methodology for HSPA throughput model in Section 9 of [3]. The HSDPA cell throughput is larger if slot format #17 is used by voice users.
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Figure 4.1.1.3 HSDPA throughput v.s. Number of voice users per cell for slot format #8 and #17 in PA3
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Figure 4.1.1.4 HSDPA throughput v.s. Number of voice users per cell for slot format #8 and #17 in VA30
In addition, the Tx Ec/Ior per cell used by voice users in PA3 and VA30 are presented in Figure 4.1.1.5 and Figure 4.1.1.6. As seen in the figures, the required Tx Ec/Ior for voice users is reduced due to slot format #17.

[image: image15.png]DCH Ed/lor

09
08
07
06
0s
04
03
02
[}

Voice User Power, PA3

I Slot format 08
I 5ot format 17

0 8 16 24 32 4
Number of CS Voice Users per Cell

a8





Figure 4.1.1.5 Tx Ec/Ior per cell used by voice users in PA3
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Figure 4.1.1.6 Tx Ec/Ior per cell used by voice users in VA30

The percentage of voice users with BLER larger than 3% is provided in Table 4.1.1.2. It’s obvious that the outage performance is better when slot format #17 is used.
Table 4.1.1.2 Outage performance for voice users
	Fader Models
	Number of voice users per cell
	8
	16
	24
	32
	40
	48

	PA3
	Slot format #08
	0.07%
	0.00%
	0.00%
	0.11%
	2.12%
	23.17%

	
	Slot format #17
	0.07%
	0.00%
	0.02%
	0.00%
	0.01%
	0.02%

	VA30
	Slot format #08
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.04%

	
	Slot format #07
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%


The power reduction gain of average power used by voice users is listed in Table 4.1.1.3. As seen in the table, compared with slot format #8, the average power reduction gains due to slot format #17 are 1.57 dB and 1.77 dB for PA3 and VA30, respectively.
Table 4.1.1.3 Power reduction gain of average power used by voice users in slot format #17
	Power Reduction Gains (dB)

	Number of voice users per cell
	Fader Model

	
	PA3
	VA30

	8
	1.74
	1.91

	16
	1.69
	1.74

	24
	1.69
	1.80

	32
	1.62
	1.71

	40
	1.52
	1.73

	48
	1.18
	1.73


5
Conclusions
The link level simulation results presented in Section 3.1.1 show more than 1dB power reduction gain by removal of DL DPCH pilot fields. As presented in Table 4.1.1.3, system level simulation results also show more than 1dB power reduction gain to voice users when slot format #17 is used. The power reduction of voice users can be translated into the increase of HSDPA throughput as shown in Figure 4.1.1.3 and Figure 4.1.1.4.  
Proposal: It is proposed to discuss and capture the presented simulation results in the corresponding sections of TR for DCH Enhancement for UMTS SI.
6
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