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1
Introduction

This contribution proposes a set of required PHY channels for operation of the DL and UL of the E-UTRA system. Section 2 of the contribution goes over the DL PHY channel and section 3 over the UL 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.

· Dedicated Pilot Channel (DPICH): 
· Common Control Channel (CCCH): Physical channel carrying the BCH transport channel. The BCH provides the system and cell parameters necessary to demodulate the other PHY channels and access the system. 

· L1/L2 Control Channel: a common PHY channel is defined to carry all the L1/L2 control information. The following list describes the different modes for L1/L2 control information:
· Shared DL Control Channel (SDCCH): provides the PHY control for the accompanying DL Shared Data Channel (DL-SDCH) i.e., DL PHY resource assignment and packet format for UEs being served in current TTI. 

· Shared UL Assignment Channel (SUACH): provides the UL PHY resource assignment and packet format. 

· Access Grant Channel (AGCH): the response from E-UTRAN to a UE’s attempt to access the system. It provides the RACH acknowledgement and the initial timing adjustment to the UE. In addition, this PHY channel may provide the UE MAC ID and may allocate UL PHY resources for CQICH transmissions and UL-SDCH. 

· MBMS Control Channel (MCCH): carries control information regarding the E-MBMS data channel.

· DL Shared Data Channel (DL-SDCH): carries DL user data following the allocation and packet format indicated in the associated SDCCH.
· MBMS Traffic Channel (MTCH): Logical channel associated with E-MBMS traffic. Shares the time/frequency resources with the DL-SDCH. 

· Acknowledgement Channel (ACKCH): ACK/NAK transmissions for associated UL data channel.  
· Common Power Control Channel (CPCCH): multi-user channel providing closed loop adjustment of the UEs’ transmit power. 
· Load Indicator Channel (LICH): used by the cell for UL load control.

The radio-frame sets the periodicity (10ms) for the transmission of the CCCH (BCH). Figure 1 shows the time domain multiplexing of the different DL PHY channels. 
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Figure 1. Time domain multiplexing of DL PHY channels

As can be seen in Figure 1, the first subframe in each radio-frame is used to transmit part of the SCH, the CCCH, the UPCCH and the LICH. Part of the 10th subframe is used to transmit the remaining part of the SCH. Note that this structure is proposed to be common for FDD and TDD. We denote all the other subframes as “regular” subframes. 
Within the regular subframes the DL PHY channels are frequency-and-time division multiplexed. These DL PHY channels are CPICH, L1/L2 Control channel, ACKCH, and DL-SDCH. 
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 first subframe of each radio-frame. Part of the SCH is also transmitted in the 10th subframe of each radio-frame. 
The SCH is TDM’d with the CCCH in the first subframe of each radio-frame and is TDM’d with other DL PHY channels in the 10th subframe of each radio-frame as depicted in Figure 1. 
The following SCH channels are recommended to be adopted:

· P-SCH: Primary SCH providing the subframe and radio-frame timing.

· Asymmetric location of the 1st and 2nd symbol for P-SCH allows radio-frame timing acquisition with the P-SCH detection. 

· P-SCH is used as the reference signal for the S-SCH detection.

· S-SCH: Secondary SCH providing the cell ID

· 512 cell IDs defined as in UTRA.
· TDM with P-SCH in the first subframe of each radio-frame. 

· B-SCH: Beacon SCH for improved mobility support

· Early detection of neighbors.
· TDM with P-SCH in the 10th subframe of each radio-frame.

[1] provides more details on P-SCH/S-SCH and [2] introduces the B-SCH.

2.2 Common Pilot Channel (CPICH)

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

The CPICH is scrambled by the cell specific scrambling code. Cells with no load or very low load need not transmit the CPICH every subframe. 
2.2.1 Dedicated Pilot Channel (DPICH)

Possibility for transmission of dedicated pilot tones should be allowed to improve the performance with multiple antenna techniques and in conjunction with a possibly low duty cycle CPICH. 

The DPICH is inserted in the DL-SCH PHY resources. 
2.3 Common Control Channel (CCCH)

PHY channel carrying the BCH transport channel. [3] provides more details about the BCH and recommends the partition into 
· Primary BCH (P-BCH): carrying all the time-critical system and cell specific information, i.e., information without which no access to the system is possible or no detection of the other DL PHY channels in that cell is possible. 

· Secondary BCH (S-BCH): carrying the remaining BCH information. 

Note that all the information in the P-BCH and S-BCH is encoded and CRC protected before transmission. The transmission is done over the entire cell and is scrambled by the cell specific scrambling code. 

The CCCH is TDM’d within the first subframe of each radio-frame with the SCH. Messages in the CCCH may span multiple radio-frames. The effective TTI of the P-BCH and S-BCH may be different depending on the system bandwidth. 
2.4 L1/L2 Control Channel

This section goes over the specifics of the L1/L2 Control Channel. The section is divided into the different possible instantiation of this PHY channel, namely, SDCCH, SUACH, AGCH, and MCCH. 

The L1/L2 Control Channel supports distributed (with CPICH) and block distributed (with DPICH) frequency allocations. [4] provides more details about the DL control channels. 
2.4.1
Shared DL Control Channel (SDCCH)

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

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

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

· MAC ID of the target UE.

All the information is encoded and CRC protected before transmission. 

2.4.2
Shared UL Assignment Channel (SUACH)

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

· Modulation and coding to be used for the data transmission.

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

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

· MAC ID of the target UE.

All the information is encoded and CRC protected before transmission.
2.4.3
Access Grant Channel (AGCH)

PHY channel providing the initial UL access grant in response to a UE random access. The access grant includes: 

· Implicit acknowledgement of the random access signature.

· UL transmit timing adjustment.

Possibly:

· UL PHY resource allocation for UL-SDCH. 

· UL PHY resource allocation for the UL CQICH.

· The UL ACKCH need not be explicitly allocated as it may be implicitly allocated based on the DL transmission.

· UE MAC ID for target UE. 

All the information is encoded and CRC protected before transmission. 

2.4.4 MBMS Control Channel (MCCH)

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.
2.5 DL Shared Data Channel (DL-SDCH) 

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

The DL-SDCH transmissions are 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 occupied DL-SDCH bandwidth for different target UEs is controlled at the scheduler to be consistent with the corresponding UE Rx bandwidth capability.

The DL-SDCH supports localized as well as distributed frequency allocations. [4] provides more details about the DL control channels. 

2.5.1
MBMS Traffic Channel (MTCH)

Logical channel carrying the E-MBMS traffic and mapped to the DL-SCH PHY channel. The 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 broadcast 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 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. 

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 to minimize the signaling overhead of its assignment/deassigment, a predefined one-to-one mapping from the UL data channel resource allocation is proposed.  

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 TTI in response of UL data transmissions.
2.7 Common Power Control Channel (CPCCH)

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. 

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

The UPCCH is transmitted once every radio-frame leading to a power control rate smaller of 100 Hz.

2.8 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. 

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

The LICH is transmitted once every radio-frame
3
UL PHY channels

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

· Random Access Channel (RACH): Allows initial access. Used for uplink layer 1 synchronization and request of uplink scheduled resource assignment.
· UL Shared Data Channel (UL-SDCH): Carries scheduled user data. 

· Channel Quality Indicator Channel (CQICH): Provides downlink channel quality information to the eNB, for selected set of virtual antennas. Used for scheduling and link adaptation. 

· Antenna Subset Indicator Channel (ASICH): Carries an index that identifies selected virtual antenna subset or pre-coding matrix at Node B. 

· Acknowledgement Channel (ACKCH): ACK/NAK transmission for associated DL data channel.

· Broadband Pilot Channel (BPICH): Provides pilot tones across an entire system bandwidth. Could be used as a reference signal to enable sub-band scheduling. 
3.1 Random Access Channel (RACH)

PHY channel enabling non synchronized system access. It is FFS whether RACH will convey any information or whether it will just consist of the transmission of a random signature. Information that could be conveyed over the RACH transmission includes downlink radio conditions and scheduling information.

The RACH is a contention based channel with semi-static PHY allocation in each cell. 
3.2 UL Shared Data Channel (UL-SDCH) 

PHY channel carrying the user data following the format and allocation advertised in the associated SUACH. The UL-SDCH transmissions are CRC protected. 

The UL-SDCH is time and frequency multiplexed with the other UL PHY channels. The scheduler at E-UTRAN allocates PHY resources consistent with the UE’s transmit bandwidth capability. 

The UL-SDCH is scrambled by the UE specific scrambling code.
3.2.1
In-band requests on UL-SDCH

UL PHY allocations may be requested by means of in-band signaling over the UL-SDCH. Information contained in this message should include

· Scheduling information
· Amount of data in the buffer

· Priority of data

3.3 Channel Quality Indicator Channel (CQICH)

The CQICH is used to provide channel quality feedback from the UE to E-UTRAN and is time/frequency multiplexed with the other UL PHY channels. The UL PHY resources employed for the transmission of this PHY channel may be provided by e.g., the AGCH.
CQICH contains downlink channel quality information for the selected set of virtual antennas . UE feeds back the channel quality information in terms of post processed SINR. 
In case of single codeword MIMO, post processed SINR reflects signal fluctuation on all frequency tones and virtual antennas. 

Post processed SINR for multiple codeword MIMO includes effective SIC gain for each layer. In order to reduce UL overhead computed SIC gain is averaged over all layers and only single differential value is provided.

The report rate, and therefore the temporal dimension of the PHY resource allocation is configurable and is under the control of E-UTRAN. 
3.3.1
UL data requests

The CQICH could also be used for UL bandwidth requests. 
3.4 Antenna Subset Indicator Channel (ASICH)

The ASICH provides the feedback necessary for UEs when configured in single user MIMO mode or SDMA mode. The ASICH is time/frequency multiplexed with the other UL PHY channels. The UL PHY resources employed for the transmission of this PHY channel are provided by higher layer signaling.

The information transmitted on the ASICH could be:

· Preferred precoding matrix

· Preferred column vectors from the selected precoding matrix

The report rate, and therefore the temporal dimension of the PHY resource allocation is configurable and is under the control of E-UTRAN.

3.5 Acknowledgment Channel (ACKCH)

The ACKCH is used to acknowledge transmissions over the DL SDCH and is time/frequency division multiplexed with the other UL PHY channels. A one-to-one mapping between the DL PHY resource allocation and the time-frequency location of the ACKCH ensures that an explicit assignment for the ACKCH PHY resources is not required. This mapping needs to take UE capability and PAR issues into account.
More than one bit would only be sent in case of multi code word MIMO, where UE can acknowledge successful decoding for each stream [5].
The basic transmission interval of the ACKCH is one TTI. Repetition of the ACK bit should be supported. 
3.6 Broadband Pilot Channel (BPICH)

The BPICH is used to provide E-UTRAN with the capability to estimate the frequency selectivity of the UE’s UL channel. It is also time and frequency multiplexed with the other UL PHY channels. The UL PHY resources employed for the transmission of this PHY channel are provided by higher layer signaling. 
This channel is scrambled by UE specific scrambling code.
The report rate, and therefore the temporal dimension of the PHY resource allocation is configurable and is under the control of E-UTRAN.

4 Conclusions
This document has presented the set of PHY channels that are seen necessary for operation of the DL and UL of E-UTRA.

It is recommended to take the presented PHY channel structure as the basis for further progress of the specification of E-UTRA. 
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