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1 Introduction

This document discusses the mapping of the Rel 5 HS-DSCH signalling information onto an OFDM air interface. A draft text input, for some parts of Section 6.2 of TR25.892 “Feasibility Study for OFDM for UTRAN enhancement”, is also proposed.

2 Rel 5 HS-DSCH Signalling and Control
The basic physical-channel structure for Rel 5 HS-DSCH-related associated downlink signalling and control, as seen from the UE point-of-view, is illustrated in Figure 1 [1]. It consists of a downlink DPCH and a number of HS-SCCHs.  For each HS-DSCH sub-frame, each Shared Control Channel (HS-SCCH) carries HS-DSCH-related downlink signalling for one UE.  The number of HS-SCCHs that can be monitored by a particular UE can range from one to four.  A given UE has the capability to simultaneously monitor 4 HS-SCCHs, but more than four HS-SCCHs can be configured in a cell.
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Figure 1: Basic physical-channel structure for Rel 5 HS-DSCH-related associated downlink signalling and control.

2.1 Downlink DPCH

As indicated in [2], the downlink DPCH is a time multiplex of a downlink DPDCH and a downlink DPCCH. As control information associated with the OFDM HS-DSCH, we only need to map the DPCCH information that is required for the proper operation of the corresponding uplink. The DPCCH carries TPC and TFCI bits, in addition to pilot bits. These pilot bits are not necessary in the OFDM HS-DSCH, as pilot information is carried on the OFDM-CPICH (OFDM common pilot channel). In HSDPA, the TFCI bits of the downlink DPCCH carry the transport format related bits associated with the downlink DPDCH. 

In the case of OFDM, it is assumed that no dedicated transport channel needs to be setup in the downlink, i.e. there is no conversational type of services, and the RRC signalling is carried on the HS-DSCH transport channel. Therefore, there is no need for the DPDCH part of the DL DPCH and also no need for the TFCI bits of the DPCCH.

The only required mapping of DL DPCH information is therefore that of the TPC bits. These bits are used to keep the received uplink signal‑to‑interference ratio (SIR) at a given SIR target, SIRtarget [5]. For a given active user, the TPC commands are transmitted once per slot, according to the following rule: if SIRest > SIRtarget then the TPC command to transmit is "0", while if SIRest < SIRtarget then the TPC command to transmit is "1".
The power control information is therefore represented by one bit per active user, and it is mapped on the OFDM-TPCCH (OFDM TPC channel) once per slot.

2.2 HS-SCCH

The Rel 5 HS-SCCH carries the following information [2]:

· Transport-format and Resource related Information (TFRI)
· Channelization-code set: 7 bits

· Modulation scheme: 1 bit

· Transport-block size: 6 bits

· Hybrid-ARQ-related Information (HARQ information)
· Hybrid-ARQ process number: 3 bits

· Redundancy version: 3 bits

· New-data indicator: 1 bit

· Intended recipient information 

· UE ID: 16 bits implicitly encoded (i.e. combined with the CRC attachment)

The Rel 5 HS-SCCH is separated in two sets of bits, which are multiplexed and CRC encoded. The UE ID is combined with the CRC attachment, and channel coded with rate 1/3 convolutional coding. The resulting set of bits (after some rate matching) contains 120 bits, which are mapped on the corresponding physical channel [2].

The above information, or its equivalent, is also required in the OFDM HS-DSCH. Noticeable differences are in terms of channelization, which is accomplished using OFDM subcarriers or subbands, and in terms of the modulation set, which could include a different set of modulations. The equivalent HS-SCCH channel for OFDM is termed OFDM-SCCH.
2.3 Summary of the Rel 5 signalling and control information to map on the OFDM HS-DSCH associated signalling and control
Table 1 summarizes the signalling parameters defined in Rel 5, which must be mapped, or possibly extended, for the OFDM HS-DSCH. Note that this table may need to be extended further, when OFDM-specific signalling parameters will have been fully defined.

	Signalling/control information
	Rel 99/5 Channel
	Equivalent OFDM Physical Channel
	Minimum number of uncoded signalling/control bits on the OFDM carrier

	Transmit power control command (TPC)
	DPCCH
	OFDM-TPCCH
	k bits per slot

	Channelization-code set
	HS-SCCH
	OFDM-SCCH
	7a
	per 2ms sub-frame

	Modulation scheme
	
	
	1b
	

	Transport-block size
	
	
	6
	

	Hybrid-ARQ process number
	
	
	3
	

	Redundancy version
	
	
	3
	

	New-data indicator
	
	
	1
	

	UE identification
	
	
	16
	


a:  this number may change, depending on the granularity defined in the OFDM specification

b:  this number may change, depending on the overall number modulation and code rate combinations allowed in the OFDM specification

Table 1: Rel 5 HS-DSCH signalling/control information mapped onto the OFDM HS-DSCH signalling/control channel. The parameter “k” indicates the number of active users in a sector.

3 Signalling and Control OFDM Physical Channels
The Signalling and Control OFDM channels are defined as shared channels, and UE identification is inherent to their definition. In Section ‎2, a minimum of 37 bits per HS-SCCH were identified for transmission in each sub-frame. This information is assumed to be carried by the Signalling OFDM-SCCH. In addition, k TPC bits per slot, for k active users, should be carried through the OFDM-TPCCH. Note that the TPC bits should be updated once per slot, and decoded at the same rate in the receiver.

In order to provide the maximum information protection, the signalling and control could be transmitted by using QPSK, and extra levels of channel coding could be considered. To reduce the computational burden in detecting and decoding the shared information, differential encoding of the signalling information could be accomplished at the transmitter, and simple differential detection used in the receiver. Along with different levels of powerful channel coding, differential encoding and decoding would also allow efficient recovery of the TPC bits every slot. At the OFDM level, the QPSK symbols, making up the signalling and control channels, should be spread across the time-frequency plane of either a slot (for OFDM-TPCCH), or a sub-frame (for OFDM-SCCH).  In addition to the TPC bits, the OFDM-TPCCH could carry the information about the number of concurrent HS-DSCHs.  The OFDM-SCCHs should carry the equivalent of the HS-SCCH, and similar information for the number of concurrent HS-DSCHs in use on the OFDM resource.

An example of OFDM control and signalling channels is shown in Figure 2. The signalling symbols S, making up the Signalling OFDM-SCCH channel (equivalent to the HS-SCCH), are spread across the sub-frame. The TPC and signalling part of the Control OFDM-TPCCH channel (encoded and modulated TPC bits for that slot + number of concurrent HS-DSCH), are indicated by symbols Ci and are updated every slot, as indicated by the grey cells. The numbered control symbols are detected on a slot basis. The remaining common pilot symbols CP correspond to the OFDM-CPICH.
4 Conclusion

In the previous sections, an analysis of the Rel 5 HS-DSCH signalling requirements has been provided, in order to allow an appropriate legacy in the transition to an OFDM HS-DSCH. The power control command bits (TPC), along with the HS-SCCH information, need to be mapped. An example of such mapping has been provided. 

In the next section, a related draft text input is proposed, for TR 25.892.
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Figure 2: Illustrative OFDM TTI time-frequency structure for the Scattered OFDM Signalling and Control channels. The “S” symbols refer to OFDM-SCCH that is updated on a sub-frame basis. The “Ci” symbols refer to OFDM-TPCCH symbols specific to the “ith” slot of the sub-frame, while the “CP” symbols refer to the OFDM-CPICH.
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6 Proposed Outline and Text for Section 6.2 for TR 25.892

-------------------------------START of the TEXT --------------------------------------

6.2.1.1
OFDM Physical Channel Definition

There are four types of OFDM physical channels defined for HS-DSCH, each one defined by a specific allocation of the time-frequency resources.

1) The OFDM-CPICH (OFDM common pilot channel): the set of time-frequency locations, within a 2 msec sub-frame, containing pilot information. This is a sharedcommon channel. The pilots are inserted in the time-frequency plane and must satisfy the 2-D sampling theorem in order to enable reconstruction of the time and frequency varying channel response. The OFDM-CPICH physical channel is not interleaved.

2) The OFDM-TPCCH (OFDM TPC Channel): the set of time-frequency locations, within a slot, containing the uplink TPC bits. This is a shared channel. The specific time-frequency locations used for signalling are scattered and can be interleaved across the slot, in order to benefit from time and frequency diversity.

3) The OFDM-SCCHs (OFDM shared control physical channels): the sets of time-frequency locations, within a 2 msec sub-frame, containing signalling information. This is a shared channel. The specific time-frequency locations used for signalling are scattered and can be interleaved across the sub-frame, in order to benefit from time and frequency diversity. 
4) The OFDM-PDSCHs (OFDM physical downlink shared channels): the subsets of time-frequency locations, within a 2 msec sub-frame, not used by the OFDM-CPICH, OFDM-TPCCH or OFDM-SCCH physical channels, and dedicated to carry data or higher layer signalling information.
6.2.x
Rel 5 HS-DSCH Signalling and Control Information to map onto the OFDM HS-DSCH Signalling and Control
The basic physical-channel structure for Rel 5 HS-DSCH-related associated downlink signalling, as seen from the UE point-of-view, is illustrated in Figure 1 [1] . It consists of a downlink DPCH and a number of HS-SCCHs.  For each HS-DSCH sub-frame, each Shared Control Channel (HS-SCCH) carries HS-DSCH-related downlink signalling for one UE. The number of HS-SCCHs that can be monitored by a particular UE can range from one to four. A given UE has the capability to simultaneously monitor 4 HS-SCCHs, but more than four HS-SCCHs can be configured in a cell.
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Figure 1: Basic physical-channel structure for Rel 5 HS-DSCH-related associated downlink signalling and control.

Table 1 summarizes the signalling and control parameters defined in Rel 5, which must be mapped on the Scattered Signalling or Control OFDM physical channel. One Transmit Power Control (TPC) bit per active user must be updated once per slot. The other signalling parameters are updated once per sub-frame. The number of bits for the channelization-code set and the modulation scheme may change in the OFDM HS-DSCH, depending on the final definition of the OFDM air interface.

	Signalling/control information
	Rel 99/5 Channel
	Equivalent OFDM Physical Channel
	Minimum number of uncoded signalling/control bits 

	Transmit power control command (TPC)
	DPCCH
	OFDM-TPCCH
	k bits per slot

	Channelization-code set
	HS-SCCH
	OFDM-SCCH
	7a
	per 2ms sub-frame

	Modulation scheme
	
	
	1b
	

	Transport-block size
	
	
	6
	

	Hybrid-ARQ process number
	
	
	3
	

	Redundancy version
	
	
	3
	

	New-data indicator
	
	
	1
	

	UE identification
	
	
	16
	


a:  this number may change, depending on the granularity defined in the OFDM specification

b:  this number may change, depending on the overall number modulation and code rate combinations allowed in the OFDM specification

Table 1: Rel 5 HS-DSCH signalling and control information mapped onto the OFDM HS-DSCH signalling and control channels. The parameter “k” indicates the number of active users in a sector.

-------------------------------END of the TEXT --------------------------------------

-------------------------------START of the TEXT in Reference Section --------------------------------------
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-------------------------------END of the TEXT in Reference Section --------------------------------------
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