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Introduction

In [1] we have proposed the control channel structure with coding alternative 1 and CRC alternative 2 as per TR 25. Since then the number of control information bits has been refined and we provide updated results. We also discuss the impact of the CCH-HS timing.

Control fields

We suggest that the control data listed in table 1 is provided through the CCH-HS.

	Field
	Length

	Code information
	7 bits

	Modulation
	[1 bit]

	UE ID (cell specific)
	8 bits

	TFRI
	6 bits

	HARQ
	6 bits

	CRC (over whole information block)
	12 bits

	Total
	40 bits


The main difference compared to the earlier proposal in is the reduction of the UE ID space to 8 bits, and the 12 bit UE specific (the UE ID is in the data) CRC. 

Given that the UE ID has to be defined as a new cell specific ID when in cell_DCH state it does not have to cover more users than ever will be supported in a cell and 256 seems an appropriate number based on the analysis presented in [2] and the code usage associated with the associated DPCH. Note that RAN WG2 is still discussing the UE addressing issue when in CELL-DCH state.

We believe that a 12 bit CRC offers sufficient protection against undetected errors (2e-4). Also, the 8+12 bits provided by the UE-ID and CRC easily meet the false alarm rate requirement of 1e-4.

Updated results for coding alt.1, CRC alt.2

Coding

Table 1 reflects the proposed coding for block A and block B (Coding alternative 1, CRC alternative 2).

	Parameter
	Block A
	Block B

	Coding
	Convolutional (K=9)
	Convolutional (K=9)

	Rate
	1/2
	1/3

	Information bits
	18
	24

	Tail bits
	8
	8

	Repetition and puncturing
	Yes
	Yes

	TTI
	1 slot  (0.6666… ms)
	2 slots  (1.3333… ms)

	Payload
	40 bits
	80 bits

	Modulation
	QPSK
	QPSK

	SF
	128
	128


Table 1 
DSCCH Structure
Performance

Short term FER performance for the coding in Table 1 are shown in figures 1 and 2. 

NOTE: tail bits are considered as information bits.
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Figure 1
DSCCH – Block A
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Figure 2
DSCCH – Block B
Discussion

The imbalance between block A and block B is obvious. Given that the CCH-HS should be transmitted with constant power, the set-point is then entirely driven by the block A performance. Assuming a 1e-2 FER target the Ec/Nt requirement for coding alternative 1 and CRC alternative 2 is –18.8 dB for AWGN.

Based on the short term FER curves presented in [1] the Ec/Nt requirement for the coding alternative 1 and CRC alternative 1 and target FER of 0.5e-2 (lower set-point due to errors on the HI) is–19.6 dB for AWGN. However this does not include the additional HI requirement of –18 dB Ec/Nt during the HI transmission.

As a reference case (or bound) we have also derived the 1e-2 FER target power requirement for the case where all the information bits are coded and interleaved jointly over 3 slots and found that the Ec/Nt requirement is –20.9 dB for AWGN. Note that this represents the best possible coding approach; however it does not allow for early reception of the code and UE ID information.

When not considering the HI the difference between CRC alternative 1 and 2 lies around 0.8 dB; when including the energy for the HI the difference is reduced to below 0.5 dB. This seems relatively high, however it should be remembered that on average the control channel requires only a small amount of power and therefore the impact of the 1dB difference on the overall system performance is further diluted (e.g. 1% if we assume that one control channel uses 5% of the system power on average).

Conclusion

We propose that CRC alternative 2 is selected as it allows for early UE ID confirmation and is also compatible with HI based approach while it only leads to a small increase in control channel overhead compared to CRC alternative 1.

HI

Discussion

The main benefits of the HI are that it saves the transmission of some information bits through implicit UE identification and that it saves some processing at the UE by indicating which control channel to decode.

The HI represents 3 information bits (1 bit by OOK + 2 bits by QPSK)  transmitted uncoded over a short time period ((256 chips). In terms of performance this is obviously the most expensive transmission method, especially when considering fading channels where very high margins would be required. Indeed this approach has the highest Eb/Nt requirement and peak power requirement for transmitting these information bits. Furthermore, the HI adds another step into the control channel processing which lead to lower operating point to achieve the same overall control channel error rate. 

In addition, and as currently proposed the HI would be punctured into the existing DPCH channel thus slightly reducing its performance. It would also lead to a significant short term peak power requirement which would have to be dealt with by increasing the margin and/or implementing mitigating techniques.

Conclusion

We have a number of concerns associated with the HI implementation and operation in particular related to the associated peak power requirement. Our view is also that the incremental complexity associated with processing of up to 4 control channels is negligible compared to the overall incremental HSDPA complexity. We therefore believe that since it is possible to define a control channel structure which does not rely on the HI, introducing such “channel” should be avoided.

CCH-HS Timing

Margins

Up to now we have only discussed the aspects associated with short term link level performance. However due to inaccurate C/I reports,  fading and the lack of HARQ mechanism on the control channel the values and curves discussed in the earlier section can not be applied directly. The system would need to add a margin to ensure that the target error rate is achieved at the receiver. Depending on the radio channel ocnditions, the margin requirment can range from a few dBs to as high as 15 dB for medium velocity, no diversity and limited spreading.

Due to the CCH-HS timing (2 slot offset relative to the HS-PDSCH) and requirement to have the block A information available prior to the corresponding HS-PDSCH TTI the interleaving span for block A is at most 1 slot. Increasing the offset to 3 slots would allow to increase the interleaving span to 1.5 for block A and better balance the margin requirement for block A and block B in both coding alternatives.

Scheduling

Another aspect associated with the current CCH-HS timing is that the the HS-PDSCH TTI overlap with two different CCH-HS transmissions with potentially different power requirements. When using QAM modulation the transmitter may not be able able to use the left-over power resource due to the constant transmission power requirement as shown in figure 3.
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Figure 3
Increasing the slot offset from 2 to 3 slots would ensure TTI alignment between the control channel TTI N and the packet channel TTI N-1 thus leading to a more efficient use of the power allocated to the HSDPA channels as shown in figure 4. It therefore also simplifies the scheduling and power management procedure.
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Figure 4
Performance impact

In principle there should be no C/I delay related performance impact related to increasing the offset from 2 to 3 slots. When considering the 2 slot approach, the system has to make a decision on transmission in TTI in N+1 before starting the data transmission in TTI N. Indeed, the system has to know how moch power will be allocated to the control channel N+1 in order to set the data channel power in TTI N; this is due to the constant power requirement on the data transmission, in particular when using QAM modulation.

Conclusion

We suggest that the time offset between the CCH-HS data and corresponding HS-PDSCH block is set to 3 slots as it simplifies the scheduling and power management as well as allows to decrease the marging requirement on CCH-HS.
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