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1
Introduction

New slot formats for DPCH channel in both DL and UL have been studied as part of enhancements to DCH to be considered in Rel 12 [2].  In RAN 74bis, a set of slot formats for DL DPCH was discussed to be considered for DL DPCH channel.  The common feature of all these formats is removal of overhead associated with dedicated pilots, previously envisioned for closed-loop diversity and dedicated SIR-estimation.  The key differences among proposed slot formats relates to number and location of TPC fields.   

This contribution proposes to further narrow the list of DL DPCH slot formats to those slot formats in which TPC fields are located towards the end of the slot, where dedicated pilots where located in legacy slot format. The main reason for choice is to avoid causing negative impact to downlink ILPC timeline.
2
DL DPCH Slot Format
Table 1 lists the new candidate slot-formats for potential standardization. These slot formats are derived from legacy Slot Formats 2 and 8, with spreading factor 256 and 128, respectively, with removal dedicated pilots, and changes to location and number of TPC fields.  Slot-formats 17 and 21 are analogous to existing slot-formats 8 and 2 respectively, where the pilots are replaced by data. Slot-format 18 further adds an extra TPC symbol in place of data, relative to slot-format 17. Sot-format 22 is analogous to 21 wherein the TPC is moved to the end of the slot.
Slot-formats 19, 20, 22 are variants of 17, 18, 21 respectively, with the difference that the TPC fields are moved to the end of the slot.  The motivation behind moving TPC fields to the end of the slot is to avoid impact to ILPC time line.  Instead of moving TPC fields in DL, another option would be to modify UL DPCCH slot format, but this is not a preferable option due to compressed mode operation as discussed later.
Table 1: Enhanced DL DPCH slot formats

	Vocoder
	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
	

	AMR 12.2K
	17
	60
	30
	128
	40
	6
	32
	2
	0
	0
	15

	AMR 12.2K
	18
	60
	30
	128
	40
	4
	32
	4
	0
	0
	15

	AMR 12.2K
	19
	60
	30
	128
	40
	38
	0
	2
	0
	0
	15

	AMR 12.2K
	20
	60
	30
	128
	40
	36
	0
	4
	0
	0
	15

	AMR 5.9K
	21
	30
	15
	256
	20
	2
	16
	2
	0
	0
	15

	AMR 5.9K
	22
	30
	15
	256
	20
	18
	0
	2
	0
	0
	15


2.1
Impact on ILPC time line due to removal of dedicated pilots
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Figure 2.1.1
Schematic illustration of ILPC timeline in DL with legacy slot formats

Figure 2.1.1 shows schematic diagram of ILPC time in DL.   A complete cycle of inner-loop power control involves SIR measurement, which is performed over dedicated pilots in legacy slot format, issuing TPC command in UL, and adjusting transmit power in DL beginning with next instance of pilot transmission. 
In proposed slot formats for DL DPCH, dedicated pilots are removed, and SIR measurement at the UE side is performed over DL TPC fields.  Since TPC fields in DL and UL are located too close to each other, there is not enough time for UE to measure DL TPC SIR level, and issue corresponding power control command in time, such that one ILPC cycle is still finished within the time limit of legacy timeline.  This is illustrated in Figure 2.1.2.
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Figure 2.1.2
Schematic illustration of ILPC timeline in DL with removal of dedicated pilots

As can be seem in Figure 1.2.2, it takes two slots to measure SIR level of DL TPC, issue a TPC command on UL, and react to UL TPC command at the next DL TPC instance.  Thus, the delay in ILPC timeline is increased and ILPC timeline is broken.  Performance of DPCH channel is sensitive to ILPC, especially when considering that with FET, further gaps in ILPC timeline occurs when both DL and UL terminate transmission of DPCCH channel.  Thus, it is preferable to devise a solution such that ILPC timeline is intact in DL and UL.

2.2
Impact on ILPC time line due to removal of dedicated pilots

Fortunately, there are simple ways to maintain ILPC timeline in the absence of dedicated pilots in DL DPCCH.  A nature remedy is to move TPC fields towards the end of the slot format, where dedicated pilots were located in legacy slot format.  This solution is illustrated in Figure 2.2.1.
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Figure 2.1.2
Maintaining ILPC timeline by way of moving DL TPC fields to the end of the slot.

As illustrated in Figure 2.1.2, by moving DL TPC fields towards the end of the slot, there is enough time to complete one cycle of ILPC within one slot duration and maintain the ILPC timeline.  This is achieved by careful design of DL DPCH slot format parameters in Slot Formats 17, 18, and 21. 
2.3
Alternative solution based on modifying UL DPCCH slot format

An alternative solution to maintain DL ILPC slot format would be to interchange the order of pilot and TPC fields in UL.   However, this is not a favorable solution, since TPC fields are then located at the beginning of the slot.  Having TPC fields at the beginning of the slot is problematic during compressed mode, or other situations where there is a break in transmission of UL DPCCH.  Since there is no preamble in compressed mode, lack of pilots in UL DPCCH imposes a problem to decode the TPC fields at the beginning of slot.   

2
Conclusions

A key difference of candidate proposals for DL DPCH slot format is the location and number of TPC fields.  The number of TPC fields becomes important if the DL ACK signalling is to be carried in place of spare TPC fields and is studied under the design of ACK channel.  The location of TPC fields has major impact on ILPC timeline as illustrated in this contribution.  It was shown that ILPC timeline can be maintained unchanged by moving TPC fields towards the end of the slot.   Without moving TPC fields to the end, ILPC timeline is broken and additional delay in DL ILPC will be incurred.  Based on this analysis, the following is proposed:
Proposal 1:  Agree that only slot formats 19, 20, 22, where TPC fields are moved to the end of the slot, are further considered as candidates for DL DPCH slot format.
4
References

[1] RP-131357, “Proposed WID: DCH enhancements”, Qualcomm Incorporated, MediaTek Inc, Mstar, ITRI, Chunghwa Telecom, Huawei, ZTE, China Unicom, RAN#61
[2] TR 25.702, “Study on Dedicated Channel (DCH) enhancements for UMTS”

