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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1] and RAN1 is the leadership of this SI. This contribution provides a way for DPCH slot format optimization and some preliminary link level simulation results to show the benefit of the proposed new slot format.

The UMTS DPCH (Dedicated Physical Channel) is a time multiplex of DPDCH (Dedicated Physical Data Channel) and DPCCH (Dedicated Physical Control Channel). In the downlink direction, DPCCH and DPDCH are time-multiplexed, and DPCCH occupies considerable radio of the DPCH, which squeezes the size of the DPDCH (e.g. in slot format #11, which is commonly observed in field trials, DPCCH takes 30% of the slot). Therefore, we believe the downlink DPCCH can be further optimized to improve the efficiency of data transmission. 
The existing design on DPCH slot format is tightly bound with both downlink and uplink transmit power control. Therefore optimizations to the DPCH slot format shall take account of quality of SINR estimation, error rate of transmit power control command and round trip delay thereof. In this contribution preliminary link level simulation results are presented to show the impact on the above factors by the proposed new slot format. 
2
Downlink DPCH Slot Format
2.1
Commonly Seen DL DPCH Slot Formats in the Fields
Based on our observations from field trials, slot format #8 and #11 (as illustrated in Figure 1) are the most commonly used by the downlink DPCH for CS speech only services.
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Figure 1 - Slot format #8 and #11
Several drawbacks we observed from the legacy slot formats are:

· Excessive time space for DPCCH especially in slot format #11;

· During voice conversation when either one is muting, DTX bits may occupy more than 90% of the DPDCH field, which is not quite an efficient utilization of the DPDCH bits.
2.2
Removal of TFCI field
Extensive simulations have been conducted to analyze the impact of removing TFCI field on downlink DTCH block error rate, transport format detection and required DPCH Ec/Ior. Slot format #8 and #11 are simulated to represent BTFD-based detection and TFCI-based detection respectively as these two formats are the most commonly seen worldwide. For a fair comparison, CRC is always attached even when only DTCH is transmitted with zero block size. The simulation results are shown below. 
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Figure 2 - DL DTCH BLER (slot format #8 vs. #11, single link)

As seen in Figure 2, except for low geometry cases, the DTCH BLER over different fading channels for both BTFD and TFCI-based slot formats converges to 0.01. We also observed that the error rate of transport format detection for BTFD and TFCI-based slot formats are around 10-3 and 10-4 respective, which are both far below the BLER. 
Figure 3 shows the required downlink DPCH Ec/Ior (in dB) for BTFD and TFCI-based slot formats over various fading channels. As seen the required DPCH Ec/Ior for slot format #8(BTFD) is in average 2 dB less than that for slot format #11(TFCI). 
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Figure 3 - Required DL DPCH Ec/Ior (slot format #8 vs. #11, single link)
Simulations with different transmit diversity schemes (i.e. STTD and CLTD1) under different active set size (1, 2 and 3) are also conducted and the results are summarized in Table 1.
Table 1 - Summary of simulation results for downlink TFCI removal

	Power reduction gain

(Slot format #8 over slot format #11)
	Active set size = 1
	Active set size = 2 or 3

	No transmit diversity
	2.2dB
	1.9dB

	STTD
	2.2dB
	1.8dB

	CLTD1
	2.1dB
	1.9dB


Based on the above simulation results we can get the following observation:
Observation 1: BTFD-based slot formats saves downlink transmit power consumption compared with the TFCI-based slot formats and has no impact to downlink DTCH BLER and transport format detection.
2.3
Removal of Pilot field
Since there is no existing slot format without pilot field, we introduced four different slot formats as listed in Table 2 and illustrated in Figure 4. The simulation results are compared with those of slot format #8. For the new slot formats, since the sign of TPC symbol is not known in advance, the SINR estimation shall be done with non-coherent combining over cells and is expected to be less accurate than that for slot format #8. However, we expect that more TPC symbols can contribute to the accuracy of SINR estimation.
Table 2 – New slot formats for simulations of pilot removal
	New format #
	Description
	Abbreviations used in the figures

	New-1
	No pilot field. 1 TPC symbol at the end and is also used as SINR target.
	N/a+1TPC

	New-2
	No TPC field. 1 pilot symbol multiplied with TPC sign info.
	N/a+1PL

	New-3
	No pilot field. 1 TPC symbol which is also used as SINR target.
	1TPC+N/a

	New-4
	No pilot field. 2 TPC symbols which are also used as SINR target.
	2TPC+N/a



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Figure 4 – Illustration of slot formats for simulations of pilot removal
TPC symbols are mainly designed to convey the TPC command and hence additional TPC power offset are applied to guarantee a combined inter-cell TPC command error rate of 0.04. The valid settings of TPC power offset are 0~6dB with 0.25dB step size as defined in current specification. Therefore in our simulations the default TPC power offset is set to 3dB for single-cell scenario and 6dB for SHO scenarios. In case of new slot format #2, power offset for the pilot field is increased in soft handover scenarios to guarantee 0.04 TPC command error rate. In case of new slot format #4, since the number of TPC symbols are doubled, the simulated TPC power offset value is reduced by 3dB in order to have similar TPC command error rate with other slot formats. The power offset applying to the TPC and pilot fields for different slot formats are summarized in Table 3. 
Table 3 - Power offsets on TPC and pilot fields for different slot formats
	Slot format
	# of TPC|Pilot symbols
	TPC|Pilot power offset 
(active set size = 1)
	TPC|Pilot power offset 

(active set size = 2 or 3)

	8
	1|2
	3dB | 3db
	6dB | 3db

	New-1
	1|0
	3dB | N/a
	6dB | N/a

	New-2
	0|1
	N/a | 3db
	N/a | 6db

	New-3
	1|0
	3dB | N/a
	6 dB | N/a

	New-4
	2|0
	0dB | N/a
	3 dB | N/a


Simulation results on TPC loop delay, TPC command effort rate (CER) and downlink transmit power consumption are presented in this contribution. The results of downlink DTCH BLER are not presented here because we observed that the DTCH BLER is similar among different slot formats. 

2.3.1
TPC Loop Delay
The delay of downlink and uplink transmit power control loop due to slot format changes simulated and results are summarized in Table 4. We may expect 0.3 dB degradation to the performance of uplink DPCH reception in case of new slot format #1 and #2 (compared with slot format #8). Please be noted that in case of new slot format #3 and #4, the downlink DPCH power update occurs at the beginning of each slot, which is different from that for slot format #8.
Table 4 – TPC loop delay due to slot format changes
	Slot format
	Downlink TPC
	Uplink TPC

	8
	1 slot
	1 slot

	New-1
	1 slot
	2 slots

	New-2
	1 slot
	2 slots

	New-3
	2 slots
	1 slot

	New-4
	2 slots
	1 slot


2.3.2
TPC Command Error Rate
Figure 5 shows the results of combined inter-cell TPC command error rate (CER) of different slot formats. As seen the TPC CERs are similar among different slot formats, which can prove that pilot removal has no impact on the decoding of downlink TPC.
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Figure 5 - TPC command error rate (single link)
2.3.3
Downlink Transmit Power Consumption
Figure 6 shows the results of transmit power consumption in terms of the required downlink DPCH Ec/Ior. As seen the power reduction gain from pilot removal (compared with slot format #8) is about 1.2 dB in avarage and is similar among all simulated new slot formats. 

Figure 6 - Required downlink DPCH Ec/Ior (single link)
Simulations with STTD under different active set size (1, 2 and 3) are also conducted and the results are summarized in Table 5. Please be noted that CLTD1 requires a minimum of two pilot symbols for antenna verification and hence does not work with pilot removal.  
Table 5 - Summary of power reduction gain for downlink pilot removal
	Power reduction gain

(compared with Slot format #8)
	Active set size = 1
	Active set size = 2 or 3

	No Transmit Diversity
	1.3dB
	1.2dB

	STTD
	1.2dB
	1.4dB


Based on the above simulation results we can get the following observation:

Observation 2: Downlink Pilot removal saves downlink transmit power consumption but has no impact to neithr TPC command error rate or DTCH block error rate. 
3
Conclusions

Observation 1: BTFD-based slot formats give similar performance with the TFCI-based slot formats in terms of downlink DTCH BLER and transport format detection.
Observation 2: Downlink Pilot removal saves downlink transmit power consumption but has no impact to TPC command error rate or DTCH block error rate.
Proposal: It is proposed that RAN1 discuss and simulate the performance of removing both TFCI and pilot fields from the downlink DPCH slot. 
4
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