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1
Introduction

This contribution proposes a set of required PHY channels for operation of the DL of the E-UTRA system. The contribution focuses on the description of these PHY channels, and introduces some notions that will be important in the definition of the PHY channels (e.g., super-frame and interlace). An accompanying contribution [1] goes over the multiplexing of these proposed PHY channels. 

2
DL PHY channels

This section goes over the list of DL PHY channels proposed for operation of the DL of E-UTRA systems: 

· Synchronization Channel (SCH): allows system acquisition and time/frequency synchronization to a particular cell.

· Common Pilot Channel (CPICH): Broadband pilot channel spanning all the system bandwidth. It includes possibility of multi-antenna transmissions. Allows channel estimation for coherent demodulation of other PHY channels, assists in handoff operation.
· Common Control Channel (CCCH): provides the system and cell parameters necessary to demodulate the other PHY channels. Also provides support for paging UEs through indications. 
· Shared DL Control Channel (SDCCH): provides the PHY control for the accompanying Shared Data Channel (SDCH) i.e., DL PHY resource assignment and packet format for UEs being served in current TTI. It also carries the E-MBMS service data. 
· Shared UL Assignment Channel (SUACH): provides the UL PHY resource assignments. In addition, it allows to adjust the UL transmission timing of the UE and acknowledge UE’s UL access attempts. 
· Acknowledgement Channel (ACKCH): ACK/NAK transmission for associated UL data channel.  
· Shared Data Channel (SDCH): carries user data following the allocations of the associated SDCCHs. 

· UL Power Control Channel (UPCCH): provides closed loop adjustment of the UEs’ transmit power.

· Load Indicator Channel (LICH): used for UL load control.

· MBMS Control Channel (MCCH): carries control information regarding the E-MBMS data channel.
· MBMS Traffic Channel (MTCH): Logical channel associated with E-MBMS traffic. Shares the time/frequency resources with SDCH.
In addition to the PHY channels, it is important to define some time durations:

· Subframe or slot: fixed set of OFDM symbols spanning 0.5ms or 0.675ms (notion already introduced in [2])

· defined to be the minimum TTI duration

· Interlace: one HARQ process 

· Synchronous HARQ operation is recommended for the DL operation as already assumed for the UL in [2]

· There is a set of M interlaces 

· Superframe: set of (N*M) subframes and one superframe preamble

Figure 1 shows a time diagram with the subframe, the interlace and the superframe notions. 
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Figure 1. Subframe, interlace and superframe notions

The superframe sets the periodicity for the transmission of the SCH and the CCCH. The superframe preamble contains the SCH and CCCH enabling the UEs to demodulate all the other DL PHY channels.  

The duration of the superframe preamble may be different to that of the subframe to allow for a different (larger) value of the cyclic prefix of the OFDM symbols therein.

The format of the OFDM symbols within the subframes for the study phase is already present in [2]. 

2.1 Synchronization Channel (SCH)

PHY channel that allows the initial system acquisition (DL timing acquisition and cell scrambling code determination). The SCH is transmitted over the entire cell in the superframe preambles [7].
The SCH is TDM’d within the superframe preamble with the CCCH. The exact number of OFDM symbols in the superframe preamble dedicated to the SCH is FFS.
2.2 Common Pilot Channel (CPICH)

Broadband pilot channel uniformly spanning all the system bandwidth [3]. This allows channel estimation for coherent demodulation of other PHY channels and assists in handoff operation.

It is scrambled by the cell specific scrambling code.
2.3 Common Control Channel (CCCH)

CCCH Provides all the system and cell specific control information and the paging indications. The control information includes: 

· CP duration
· Number of guard carriers

· Superframe number (SFN)

· DL Hopping patterns

· System bandwidth

· Indication of existence of E-MBMS (MCCH)

· SCCH channel structure

· SCCH format(s)

· Time/Frequency assignments for the Shared Control Channels (SCCHs) in the system

· MCCH channel structure

· MCCH format

· Time/Frequency assignment for the MCCH

· Transmit antennas

· Sub-band information

· Distributed and Localized sub-bands

Other system information may be broadcasted through the SCCH/SDCH with a MAC ID targeting all the users in the cell. 

All the information is encoded and CRC protected before transmission. 

This DL PHY channel is transmitted over the entire cell and is scrambled by the cell specific scrambling. 

The CCCH is TDM’d within the superframe preamble with the SCH. The exact number of OFDM symbols in the superframe preamble dedicated to the CCCH is FFS. 

Messages in the CCCH span a multiple number of superframe preambles. 

2.4 Shared DL Control Channel (SDCCH)

PHY channel providing the control information associated with the Shared Data Channel (SDCH). This control information includes: 

· Information about the modulation and coding used for the data transmission per stream
· DL PHY resource allocation for the accompanying data transmission.

· Indication of TTI duration of current allocation.

· Information on whether the assignment is persistent (for an undetermined duration of time) or non-persistent (for a limited duration of time).

· In case of a non-persistent assignment, the duration of time has to be specified. [4] goes over the benefits of having persistent and non-persistent assignments. 

· Indication on whether the assignment in this SCCH transmission is an extension to the current UE’s allocation or not (in which case the new allocation of PHY resources substitutes the old one).
· MAC ID of the target(s) UE.

All the information is encoded and CRC protected before transmission. 

This DL PHY channel may be multicast (to the target UE and the UE(s) whose resources are being de-allocated) and is scrambled by the cell specific scrambling. 

The SDCCH is transmitted every subframe over FFS OFDM symbols. 

2.5 Shared UL Assignment Channel (SUACH)

PHY channel providing the control information associated with the UL data channel. This control information includes: 

· Information about the modulation and coding to be used for the data transmission.

· UL PHY resource allocation for the associated UL data transmission.

· Indication of TTI duration of current allocation.

· Information on whether the assignment is persistent (for an undetermined duration of time) or non-persistent (for a limited duration of time).

· In case of a non-persistent assignment, the duration of time has to be specified. [4] goes over the benefits of having persistent and non-persistent assignments. 

· Indication on whether the assignment in this SUACH transmission is an extension to the current UE’s allocation or not (in which case the new allocation of PHY resources substitutes the old one).

· Indication on whether an adjustment of the UE transmission timing is included in this message or not

· If the UL timing adjustment is included as part of the message, the value of the adjustment has to be signaled.

· MAC ID of the target UE.

All the information is encoded and CRC protected before transmission. 

This DL PHY channel may be multicast (to the target UE and the UE(s) whose resources are being de-allocated) and is scrambled by the cell specific scrambling. 

The SUACH is transmitted every subframe over FFS OFDM symbols. 

2.6 Acknowledgment Channel (ACKCH)

DL PHY channel carrying a single bit (ACK/NAK) for UL data transmissions. To optimize the time/frequency allocation of this channel and minimize the signaling overhead, a predefined one-to-one mapping from the UL data channel resource allocation to DL ACKCH physical allocation may be used.  

ACKCH is transmitted at a power level to reach the target UE and is scrambled by the cell specific scrambling. 

The ACKCH is transmitted every subframe in response of UL data transmissions. 

2.7 Shared Data Channel (SDCH) 

DL PHY channel carrying the user data following the format and allocation advertised on the associated SDCCHs. The SDCH transmissions are CRC protected. 

SDCH is scrambled by the cell specific scrambling code unless there is SFN operation (for SFN transmission of the MTCH) for which case, another scrambling code e.g., service specific, is used.

The SDCH is transmitted every subframe. The occupied SDCH bandwidth for different target UEs is controlled at the scheduler to be consistent with the corresponding UE Rx bandwidth capability.
2.8 UL Power Control Channel (UPCCH)

DL PHY channel carrying a single bit (Up/Down) for UL transmit power adjustment. This command is used by the UE to adjust its transmit power spectral density to reach a particular degree of reliability on the reception of the UL PHY channels. 

UPCCH is transmitted at a power level to reach the target UE and is scrambled by the cell specific scrambling. 

The UPCCH need not be transmitted at every subframe, leading to a power control rate smaller than 2000 Hz.
2.9 Load Indicator Channel (LICH)

DL PHY channel carrying a load indication associated with the transmitting cell. The combined use of this load indicator (across different cells) may be viewed as a way to coordinate interference levels. 

LICH is transmitted over the entire cell and is scrambled by the cell specific scrambling. 

The LICH need not be transmitted at every subframe. 

2.10 MBMS Control Channel (MCCH)

DL PHY channel carrying the control information enabling the reception of the accompanying MBMS Traffic Channel (MTCH). 

The MCCH is transmitted over the entire cell and is scrambled by the cell specific scrambling. [6] provides more details about this PHY channel. 

2.11 MBMS Traffic Channel (MTCH)

DL PHY channel carrying the E-MBMS traffic. 

MTCH may be transmitted:

· In a localized manner (e.g. just from a given cell)

· Regular OFDM symbol format may be used (short CP)

· In a Single Frequency Network (SFN) manner (common content broadcasted over a large cluster of cells or over the entire system)

· OFDM symbol format with extended cyclic prefix should be used (long CP)

· In case of frequency division multiplexing other DL PHY channels with MTCH, there will be a link efficiency loss for those DL PHY channels (caused by the use of a longer CP)

In case of localized transmission, the MTCH will be scrambled by the cell specific scrambling. In case of SFN transmission, the MTCH will be scrambled by e.g., a service specific scrambling. 
3 Conclusions

This document has presented the set of PHY channels that are seen necessary for operation of the DL of E-UTRA. Capturing this PHY DL overall channel structure in [2] as proposed with the text proposal below is recommended.
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--------------------- Start of Text Proposal ---------------------

7.1.1.1A
DL PHY channels
This section goes over the list of DL PHY channels proposed for operation of the DL of E-UTRA systems: 

· Synchronization Channel (SCH): allows system acquisition and time/frequency synchronization to a particular cell.

· Common Pilot Channel (CPICH): Broadband pilot channel spanning all the system bandwidth. It includes possibility of multi-antenna transmissions. Allows channel estimation for coherent demodulation of other PHY channels, assists in handoff operation.
· Common Control Channel (CCCH): provides the system and cell parameters necessary to demodulate the other PHY channels. Also provides support for paging UEs through indications. 
· Shared DL Control Channel (SDCCH): provides the PHY control for the accompanying Shared Data Channel (SDCH) i.e., DL PHY resource assignment and packet format for UEs being served in current TTI. It also carries the E-MBMS service data. 

· Shared UL Assignment Channel (SUACH): provides the UL PHY resource assignments. In addition, it allows to adjust the UL transmission timing of the UE and acknowledge UE’s UL access attempts. 

· Acknowledgement Channel (ACKCH): ACK/NAK transmission for associated UL data channel.  
· Shared Data Channel (SDCH): carries user data following the allocations of the associated SDCCHs. 

· UL Power Control Channel (UPCCH): provides closed loop adjustment of the UEs’ transmit power.

· Load Indicator Channel (LICH): used for UL load control.

· MBMS Control Channel (MCCH): carries control information regarding the E-MBMS data channel.
· MBMS Traffic Channel (MTCH): Logical channel associated with E-MBMS traffic. Shares the time/frequency resources with SDCH.

In addition to the PHY channels, the following time durations are defined:
· Subframe or slot: fixed set of OFDM symbols spanning 0.5ms or 0.675ms (as described in Table 7.1.1-1 and Table 7.1.1-2)
· defined to be the minimum TTI duration

· Interlace: one HARQ process 

· Synchronous HARQ operation is recommended for the DL operation as already assumed for the UL in section 9.1.2.5.
· There is a set of M interlaces 

· Superframe: set of (N*M) subframes and one superframe preamble

Figure 7.1.1.1A-1 shows a time diagram with the subframe, the interlace and the superframe notions. 
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Figure 7.1.1.1A-1. Subframe, interlace and superframe notions

The superframe sets the periodicity for the transmission of the SCH and the CCCH. The superframe preamble contains the SCH and CCCH enabling the UEs to demodulate all the other DL PHY channels.  

The duration of the superframe preamble may be different to that of the subframe to allow for a different (larger) value of the cyclic prefix of the OFDM symbols therein.

The format of the OFDM symbols within the subframes for the study phase is shown in Table 7.1.1-1 and Table 7.1.1-2.
3.1 7.1.1.1A.1 Synchronization Channel (SCH)

PHY channel that allows the initial system acquisition (DL timing acquisition and cell scrambling code determination). The SCH is transmitted over the entire cell in the superframe preambles.

The SCH is TDM’d within the superframe preamble with the CCCH. The exact number of OFDM symbols in the superframe preamble dedicated to the SCH is FFS.

7.1.1.1A.2 Common Pilot Channel (CPICH)

Broadband pilot channel uniformly spanning all the system bandwidth. This allows channel estimation for coherent demodulation of other PHY channels and assists in handoff operation.

It is scrambled by the cell specific scrambling code.

3.2 7.1.1.1A.3 Common Control Channel (CCCH)

CCCH Provides all the system and cell specific control information and the paging indications. The control information includes: 

· CP duration

· Number of guard carriers

· Superframe number (SFN)

· DL Hopping patterns

· System bandwidth

· Indication of existence of E-MBMS (MCCH)

· SCCH channel structure

· SCCH format(s)

· Time/Frequency assignments for the Shared Control Channels (SCCHs) in the system

· MCCH channel structure

· MCCH format

· Time/Frequency assignment for the MCCH

· Transmit antennas

· Sub-band information

· Distributed and Localized sub-bands

Other system information may be broadcasted through the SCCH/SDCH with a MAC ID targeting all the users in the cell. 

All the information is encoded and CRC protected before transmission. 

This DL PHY channel is transmitted over the entire cell and is scrambled by the cell specific scrambling. 

The CCCH is TDM’d within the superframe preamble with the SCH. The exact number of OFDM symbols in the superframe preamble dedicated to the CCCH is FFS. 

Messages in the CCCH span a multiple number of superframe preambles. 

3.3 7.1.1.1A.4 Shared DL Control Channel (SDCCH)

PHY channel providing the control information associated with the Shared Data Channel (SDCH). This control information includes: 

· Information about the modulation and coding used for the data transmission per stream
· DL PHY resource allocation for the accompanying data transmission.

· Indication of TTI duration of current allocation.

· Information on whether the assignment is persistent (for an undetermined duration of time) or non-persistent (for a limited duration of time).

· In case of a non-persistent assignment, the duration of time has to be specified.

· Indication on whether the assignment in this SCCH transmission is an extension to the current UE’s allocation or not (in which case the new allocation of PHY resources substitutes the old one).
· MAC ID of the target(s) UE.

All the information is encoded and CRC protected before transmission. 

This DL PHY channel may be multicast (to the target UE and the UE(s) whose resources are being de-allocated) and is scrambled by the cell specific scrambling. 

The SDCCH is transmitted every subframe over FFS OFDM symbols.

3.4 7.1.1.1A.5 UL Assignment Channel (SUACH)

PHY channel providing the control information associated with the UL data channel. This control information includes: 

· Information about the modulation and coding to be used for the data transmission.

· UL PHY resource allocation for the associated UL data transmission.

· Indication of TTI duration of current allocation.

· Information on whether the assignment is persistent (for an undetermined duration of time) or non-persistent (for a limited duration of time).

· In case of a non-persistent assignment, the duration of time has to be specified. 

· Indication on whether the assignment in this SUACH transmission is an extension to the current UE’s allocation or not (in which case the new allocation of PHY resources substitutes the old one).

· Indication on whether an adjustment of the UE transmission timing is included in this message or not

· If the UL timing adjustment is included as part of the message, the value of the adjustment has to be signaled.

· MAC ID of the target UE.

All the information is encoded and CRC protected before transmission. 

This DL PHY channel may be multicast (to the target UE and the UE(s) whose resources are being de-allocated) and is scrambled by the cell specific scrambling. 

The SUACH is transmitted every subframe over FFS OFDM symbols. 

3.5 7.1.1.1A.6 Acknowledgment Channel (ACKCH)

DL PHY channel carrying a single bit (ACK/NAK) for UL data transmissions. To optimize the time/frequency allocation of this channel and minimize the signaling overhead, a predefined one-to-one mapping from the UL data channel resource allocation to DL ACKCH physical allocation may be used.  

ACKCH is transmitted at a power level to reach the target UE and is scrambled by the cell specific scrambling. 

The ACKCH is transmitted every subframe in response of UL data transmissions. 

3.6 7.1.1.1A.7 Shared Data Channel (SDCH) 

DL PHY channel carrying the user data following the format and allocation advertised on the associated SDCCHs. The SDCH transmissions are CRC protected. 

SDCH is scrambled by the cell specific scrambling code unless there is SFN operation (for SFN transmission of the MTCH) for which case, another scrambling code e.g., service specific, is used.

The SDCH is transmitted every subframe. The occupied SDCH bandwidth for different target UEs is controlled at the scheduler to be consistent with the corresponding UE Rx bandwidth capability.
3.7 7.1.1.1A.8 UL Power Control Channel (UPCCH)

DL PHY channel carrying a single bit (Up/Down) for UL transmit power adjustment. This command is used by the UE to adjust its transmit power spectral density to reach a particular degree of reliability on the reception of the UL PHY channels. 

UPCCH is transmitted at a power level to reach the target UE and is scrambled by the cell specific scrambling. 

The UPCCH need not be transmitted at every subframe, leading to a power control rate smaller than 2000 Hz.

3.8 7.1.1.1A.9 Load Indicator Channel (LICH)

DL PHY channel carrying a load indication associated with the transmitting cell. The combined use of this load indicator (across different cells) may be viewed as a way to coordinate interference levels. 

LICH is transmitted over the entire cell and is scrambled by the cell specific scrambling. 

The LICH need not be transmitted at every subframe. 

3.9 7.1.1.1A.10 MBMS Control Channel (MCCH)

DL PHY channel carrying the control information enabling the reception of the accompanying MBMS Traffic Channel (MTCH). 

The MCCH is transmitted over the entire cell and is scrambled by the cell specific scrambling. 

3.10 7.1.1.1A.11 MBMS Traffic Channel (MTCH)

DL PHY channel carrying the E-MBMS traffic. 

MTCH may be transmitted:

· In a localized manner (e.g. just from a given cell)

· Regular OFDM symbol format may be used (short CP)

· In a Single Frequency Network (SFN) manner (common content broadcasted over a large cluster of cells or over the entire system)

· OFDM symbol format with extended cyclic prefix should be used (long CP)

· In case of frequency division multiplexing other DL PHY channels with MTCH, there will be a link efficiency loss for those DL PHY channels (caused by the use of a longer CP)

In case of localized transmission, the MTCH will be scrambled by the cell specific scrambling. In case of SFN transmission, the MTCH will be scrambled by e.g., a service specific scrambling.
7.1.1.2
Multiplexing including reference-signal structure
7.1.1.2.1
Downlink data multiplexing

Both TDM and FDM are employed to map channel-coded, interleaved, and data-modulated information [Layer 3 information] onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of resource blocks consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account.

The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

In addition to block-wise transmission, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity.

Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
[…]

--------------------- End of Text Proposal ---------------------
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