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1. Introduction

At the HSDPA ad hoc in Sophia Antipolis, proposal was made to align HS-DPCCH slot timing (Ack/Nack) to the existing DPCCH slot boundary [1].  This paper attempts to clarify foreseen problems for symbol alignment approach [2,3], and presents an update to timing detail of proposed HS-DPCCH timing in relation to other HSDPA related physical channels.

2. HSDPA Physical channel timing

2.1. Symbol alignment of HS-DPCCH

Symbol alignment of HS-DPCCH [2,3] is effective in terms of maximizing UE and Node-B processing time with given round trip time delay since the Ack/Nack timing deviation is minimized (0~255-chip).  As briefly discussed in [1], consequence of symbol alignment is:

I. Increase in power control (Beta factor adjustment) complexity.  As shown in Figure 1, UE may be required to change beta gain factors more frequently in order to maintain DAC output power at efficient operation point of analogue quadrature modulator.  The additional complexity is dependent on power requirements for HS-DPCCH relative to existing DPCCH power.  It is our opinion that symbol alignment approach will impose UE to have more complex power control procedure taking into account of analysis given in [4] for Ack/Nack power requirements.
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Figure 1 Beta gain adjustment without slot alignment

II. Increase in timing management complexity at both UE and Node-B.  Additional timing trigger other than slot boundary is needed.

2.2. Slot alignment of HS-DPCCH (Proposed HS-DPCCH timing)

To avoid possible problems identified above, it is proposed to align HS-DPCCH slot boundary with existing DPCCH slot boundary.  Proposed HS-DPCCH timing in relation with other HSDPA related channels is shown in Figure 2.  
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Figure 2 Proposed HSDPA timing relations

  As mentioned in [1], the consequence of this approach is that less time can be allocated for UE and Node-B processing time if the round trip time is kept the same.  Summary of timing budget is given in Table 1.  It must be noted that minimum UE processing time defined here meets the requirement given in [5](4.6ms), and minimum Node-B processing time meets the requirement given in [2] (2.33ms without a margin).

Table 1 Summary of proposed timing budget

	Parameter
	Required time

	TCTL (2 slot)
	1.33 ms

	THSDPA TTI (3 slot)
	2.00 ms

	TUEP
	Minimum--4.93ms, Maximum--5.53 ms

	TACK (1 slot)
	0.66 ms

	2Tprop
	0.04 ms

	TNBP
	Minimum--2.43ms, Maximum--3.03 ms

	RTT
	12.0 ms

	Required N for ARQ process
	6


An alternative to above timing definition is shown in Figure 3 in an effort to trade-off UE processing time for more Node-B processing time.  Summary of the alternative timing budget is given in Table 2.  Minimum processing time for UE is decreased to 4.6ms to give minimum of 2.8ms Node-B processing time.  Other variation of timing trade can be made depending on the reference DPCH frame offset value where UE processing time is at minimum.
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Figure 3 HSDPA timing relations-an alternative
Table 2 Summary of alternative timing budget

	Parameter
	Required time

	TCTL (2 slot)
	1.33 ms

	THSDPA TTI (3 slot)
	2.00 ms

	TUEP
	Minimum--4.6ms, Maximum--5.2 ms

	TACK (1 slot)
	0.66 ms

	2Tprop
	0.04 ms

	TNBP
	Minimum--2.8ms, Maximum--3.4 ms

	RTT
	12.0 ms

	Required N for ARQ process
	6


3. Conclusion

HS-DPCCH timing is proposed to align slot boundary of HS-DCCH with existing DPCCH in order to minimize power control (beta factor adjustments) complexity increase from R99/R4.  It is recommended that concept to align HS-DPCCH slot timing with DPCH slot boundary be reflected in HSDPA specifications.  Note that finer timing trade-off between UE processing and Node-B processing can be discussed and varied to meet both Node-B and UE manufacture’s need if necessary. 
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