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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 slot format optimization 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
5.1.x Uplink DPCH Slot Format Optimization

The uplink DPCH (UL Dedicated Physical Channel) consists of UL DPDCH (Dedicated Physical Data Channel) and UL DPCCH (Dedicated Physical Control Channel). UL DPDCH and UL DPCCH are I/Q code multiplexed. TFCI field occupies considerable ratio of UL DPCCH( 20% in normal mode and 30 or 40% in compressed mode). Given a fixed number of DPCCH bits, the TFCI field competes with the Pilot field, which is commonly used for channel estimation and SINR estimation at the uplink receiver. Therefore, it is possible to further optimize the uplink DPCH slot format to improve the efficiency of data transmission. 
Non-TFCI based transmission is one of the possible methods to achieve the above goal. Without the TFCI field in UL DPCCH, the uplink receiver must support blind-transport format detection (BTFD) for low rate services such as AMR speech. For commonly used 12.2kbps AMR speech services, the number of TFC candidates is 6, which eases BTFD with minor modification in uplink receiver design.
5.1.x.1 Removal of UL DPCH TFCI fields

Slot format #1 is porposed to be used by UL DPCCH for both normal mode and compressed mode instead of slot format #0, 0A and 0B. For CLTD mode, Slot format #3 is proposed to be used by UL DPCCH for both normal mode and compressed mode instead of slot format #2, 2A and 2B, as illustrated in Table 5.1.x.1.
[image: image1.emf]
Table 5.1.x.1 - The UL DPCCH slot format
The link level simulation results comparing the reception performance between TFCI-based (Slot format #0) and non-TFCI-based (Slot format #1) scenarions are presented in Section 10.1.x.1. 

5.2
Downlink Physical Layer Enhancements
5.2.x 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.
5.2.x.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 5.2.x.1 The new slot formats are transformations of the legacy slot format #8 with pilot fields being removed, as illustrated in Figure 5.2.x.1. 
	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


Table 5.2.x.1 - The proposed new DL DPCH slot formats
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Figure 5.2.x.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 5.2.x.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 5.2.x.2 – TPC timing diagrams for legacy DL DPCH slot format #8
Figure 5.2.x.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.
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Figure 5.2.x.3 – TPC timing diagrams for proposed new DL DPCH slot format #17
Figure 5.2.x.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 5.2.x.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 10.2.x.1.
--------------------------------------------------------- End of text proposal 1-----------------------------------------------------------
--------------------------------------------------------- Start of text proposal 2----------------------------------------------------------
10
Link Evaluation Results
10.1
Uplink Physical Layer Enhancements
10.1.x Uplink DPCH Slot Format Optimization

10.1.x.1 Removal of UL DPCH TFCI fields

This section shows the link simulation results on the UL DTCH BLER, TPC command error rate (CER) and UL DPCH Ec/No for the UL DPCCH slot format #1 (noted as BTFD) as compared with those of currently used slot format #0 (noted as TFCI). The simulation settings are listed in Section 9. 
Figure 10.1.x.1 shows the simulation results on UL DTCH BLER. As seen the UL DTCH BLERs are similar for these two different UL DPCCH slot formats, which means the non-TFCI scheme has no impact to the UL DTCH BLER.
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Figure 10.1.x.1 - UL DTCH BLER (single link)
Figure 10.1.x.2 shows the results of cell-averaged TPC command error rate (CER). As seen the TPC CERs are similar among different UL DPCCH slot formats, which means TFCI-free transmission has no impact to the decoding of TPC command.
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Figure 10.1.x.2 - TPC command error rate (single link)
Figure 10.1.x.3 shows the results of the required uplink DPCH Ec/No level at the receiver. As seen in Table 10.1.x.1, the gain of power reduction from TFCI free scheme (slot format #1) is about 0.4 dB in avarage compared to slot format #0.
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Figure 10.1.x.3 - Required uplink DPCH Ec/No (single link)
	
	Power Reduction Gain (dB)

	Fader Models
	Single link
	2-cell soft handover

	PA3
	0.30
	To be prepared

	PB3
	0.60
	To be prepared

	VA30
	0.30
	To be prepared

	VA120
	0.45
	To be prepared


Table 10.1.x.1 Power reduction gain for the slot format #1 over slot format #0
10.2
Downlink Physical Layer Enhancements
10.2.x Downlink DPCH Slot Format Optimization
10.2.x.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 5.2.x.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. Additional simulation settings which are specific to the proposed new slot formats are listed in Table 10.2.x.1. 
	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 10.2.x.1 Additional simulation assumptions for the proposed new slot formats
Figure 10.2.x.1 and Figure 10.2.x.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 10.2.x.1 - DL DTCH BLER (single link)
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Figure 10.2.x.2 - DL DTCH BLER (2-cell soft handover)

Figure 10.2.x.3 and Figure 10.2.x.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 10.2.x.3 - TPC command error rate (single link)
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Figure 10.2.x.4 - TPC command error rate (2-cell soft handover)
Figure 10.2.x.5 and Figure 10.2.x.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 10.2.x.2 and Table 10.2.x.3, the power reduction gain from different pilot removal solutions are quite similar and the gain is about 1.9 dB for single link and 1.6 dB for 2-cell soft handover, compared with slot format #8, respectively.
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Figure 10.2.x.5 - Required downlink DPCH Ec/Ior (single link)
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Figure 10.2.x.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
	1.9
	1.6

	PB3
	1.6
	1.5

	VA30
	2.1
	1.7

	VA120
	2.1
	1.6


Table 10.2.x.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
	2.0
	1.6

	PB3
	1.6
	1.5

	VA30
	2.0
	1.7

	VA120
	2.0
	1.7


Table 10.2.x.3 Power reduction gain for the slot format #18 over slot format #8

--------------------------------------------------------- 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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