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Control Channel Structure for High Speed DSCH (HS-DSCH)

Introduction

In this contribution, the preferred uplink and downlink control channel structure for High Speed Downlink Shared Channel (HS-DSCH) is described.

1.0 Summary

It is desirable to use BPSK coherent detection for transmitting the ACK bit on the uplink so that  a 10-5 false alarm rate with approximately 0.99 probability of detection can be maintained. 

It is also preferred to have a downlink dual control channel so that the probability of combining and decoding the wrong data is very small (less than 1e-6) for a 99% probability of detection.

2.0 Uplink DPCCH for HS-DSCH

The uplink DPCCH is modified from Release-99 specification so that it can be used to carry the control information to support HS-DSCH operation.  The modified DPCCH is used to carry known pilots bits to support channel estimation for coherent detection, acknowledgement bits for hybrid ARQ operation, measurement bits for C/I reporting, TFCI bits for uplink, feedback information bits (FBI) and transmit power-control (TPC) bits.  The FBI bits are used to support SSDT and closed loop mode transmit diversity. Figure 1 shows the modified structure of DPCCH.
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Figure 1. DPCCH Structure to support HS-DSCH for TTI=3.33 msec

An example of DPCCH fields are shown in Table 1.  It may be noted that the Measurement field are coded and interleaved over 5 slots if the frame length of the HS-DSCH is set to 3.33 msec while the TFCI is coded and interleaved over 10 msec slot.  The ACK/NACK bits are sent using BPSK modulation i.e. if the HS-DSCH packet is decoded correctly an ACK bit (+1) is transmitted and if it is decoded in error a NACK bit (-1) is transmitted.  With the proposed slot format the ACK bits are repetition coded 20 or 30 times.  A separate gain control may be used for the ACK bits so that those bits can be decoded with high probability (0.97-0.98) and with a low probability of false alarm (1e-05) at Node-B.  The ROC for optimal coherent BPSK demodulation given 1 path and a single receive antenna in AWGN is shown in Figure 2.

It may be noted that the spreading factor of the modified DPCCH have been reduced by a factor of 2 in comparison to Rel-99 DPCCH to support the control features associated with the HS-DSCH (which results in increased data rates).

Table 1. DPCCH fields in support of HS-DSCH
Slot Format
Sym Rate

(ksps)
SF
Bits/

Frame
Bits/

Slot
Npilot
Nack
Nmes
N TFCI
NFBI
NTPC

0
30
128
300
20
4
4
2
6
2
2

1
30
128
300
20
4
6
2
4
2
2
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Figure 2 Receiver operation characteristic for optimal coherent BPSK demodulation given 1 path and a single receive antenna in AWGN.

3.0 Downlink Control Channel Structure for HS-DSCH

In Release-99 specification the DSCH is always associated with a downlink dedicated physical channel (DPCH).  For HS-DSCH a two stage shared dedicated channel approach is proposed.  The key concept behind the shared dedicated channel approach is that not all of the control fields are needed all of the time.  Hence, a statistical approach can be taken which allows those pieces of information that are always needed to be placed in dedicated user channels while the other information that is intermittent is placed in shared channel resources.  Statistically splitting the control information into multiple channels with larger Walsh codes provides enough Walsh code resources and enough bits at lower power levels.

In this approach, dedicated users decode the indicator on the associated DPCH to determine if they have data to receive (active).  If active, the indicator on the DPCH points to one of a group of associated shared control channels (SHCCH).  The indicated SHCCH is decoded, which contains information necessary for decoding the portion of the HS-DSCH for that user (number of codes, MCS, gain information, HARQ states etc).
  In general, the associated SHCCH contain CRC fields to access the integrity of the control data.  The overall access control performance is a function of the strength of the channel coding on the fields as well as the robustness of the error detection.

An example of the proposed structure of the indicator on the associated DPCH and the associated SHCCH is shown in Figure 3 for the case when only HS-DSCH is transmitted and there are no transport channels on downlink DPCH.
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Figure 3. Frame Structure of Indicator on SHCCH and SHCCH (TTI=5slots)
In case when multiple services are supported on the downlink (e.g. HS-DSCH+Speech on DCH), the associated DPCH could be of arbitrary SF and as such the Data fields will be of length larger than 0. 
The tentative indicator on the associated DPCH and the associated SHCCH fields are shown in Table 2.  The OVSF code allocation for these channels is TBD.  For illustration, in case of TTI of 3.33 msec the HS-DSCH indicator field is encoded using (16, 4) block code (e.g. BCH code) while the control channel information on the associated DPCH is encoded using say R=1/3 convolutional code. The information bits in the SHCCH are protected by 12 CRC bits which reduces the probability of false alarm significantly.  

Table 2. HS-DSCH Indicator  and SHCCH Fields

Slot Format
Sym Rate

(ksps)
SF
Bits/

Slot
Npilot
Ndata1
N IND
Ndata2
NTPC
NCTR/TFCI

HS-DSCH Indicator
15
512
10
4
n.a
4
n.a
2
n.a

SHCCH
30
256
20
n.a
n.a.
n.a
n.a
n.a
20

The control channel structure should be designed to avoid significant throughput loss due undetected errors on the control channels and misinterpretation of reverse link ACK/NACKs:

· Each control channel (both HS-DSCH Indicator & SHCCH) is scrambled with a users unique scrambling code.  Hence, a user cannot mistakenly decode another users control channel when more than one user is scheduled for a given frame interval.

· The SHCCH CRC covers both the HS-DSCH Indicator & SHCCH bits.  Hence, the SHCCH CRC can be checked when the indicator channel field in the HS-DSCH Indicator channel is decoded other than null.

· With a 12 bit CRC alone reduces the probability of undetected errors on the HS-DSCH SHCCH to be less than 2-12.

· An energy check using an energy detection circuit eliminates most spurious detections of the HS-DSCH Indicator and SHCCH that may have not been eliminated later with the SHCCH CRC check. 

A consistency check with flushing is used to determine if the HS-DSCH Indicator and SHCCH data fields are self consistent and consistent between transmissions and retransmissions of the SHCH frames.  This further reduces the probability of updating with incorrect HS-DSCH soft decision data due to undetected errors.  After the first re-transmission the check becomes essentially a voting scheme. An HS-DSCH frame may be ignored (flushed) or used to reinitialize the user’s soft decision combining buffer.

It can be shown that with the downlink dual control channel structure for the case when both the HS-DSCH Indicator and SHCCH are transmitted the probability of combining and decoding the wrong data is very small being less than 2.5e-7 while the probability of detection is almost 0.996.
3.1 Decoding of HS-DSCH Indicator, associated SHCCH and HS-DSCH

As indicated earlier a 3-step process is used for decoding the HS-DSCH:

a) The Indicator on associated DPCH is read to see whether there is any data scheduled for the particular UE and if scheduled the associated SHCCH OVSF code allocation.

b) The HS-DSCH related signaling information is then read from the associated SHCCH.

c) Based on (b) the data carried on HS-DSCH is decoded.

It is advantageous to decode first the indicator on the associated DPCH followed by simultaneous decoding of the SHCCH and the HS-DSCH from the delay point of view. It is also preferred to have a downlink dual control channel so that the probability of combining and decoding the wrong data is very small (less than 1e-6) for a 99% probability of detection.
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� Extra bits on the indicator can also contain part of this information, which is ignored if the user is dedicated but not active.
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