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1
Introduction

This contribution proposes a set of required PHY channels for operation of the UL of the E-UTRA system. The contribution focuses on the description of these PHY channels. An accompanying contribution [1] goes over the multiplexing of these proposed PHY channels. 

2
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.
· Broadband Pilot Channel (BPICH): Provides pilot tones across an entire system bandwidth. Could be used as a reference signal to enable sub-band scheduling. 
· Channel Quality Indicator Channel (CQICH): Provides downlink channel quality information to Node B, for selected set of virtual antennas. Used for scheduling and link adaptation. Could also be considered as a reference signal for uplink sub-band scheduling.
· Antenna Subset Indicator Channel (ASICH): Carries an index that identifies selected virtual antenna subset or pre-coding matrix at Node B. 
· Request Channel (REQCH): Carries UE’s requests for UL resources assignments. Alternatively, UL requests are could be sent in-band on SDCH if such channel is assigned to UE.

· Shared Data Channel (SDCH): Carries scheduled user data. 

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

2.1 Random Access Channel (RACH)

RACH is a physical channel that enables initial system access and Layer 1 synchronization. In addition, RACH is used by UE to requests UL resources and indicates downlink radio conditions and scheduling information.
All data transmitted over RACH is embedded into access signature. Message is not attached to the access signature. RACH is contention based channel, although Node B should be able to separate access probes for different UEs simultaneously, provided they used distinct access signatures. RACH is allocated orthogonal resources to other uplink channels. RACH slot duration, periodicity and bandwidth are FFS. 

This channel is scrambled by cell specific scrambling sequence
.

2.2 Broadband Pilot Channel (BPICH)

BPICH provides an UL reference signal useful for sub-band scheduling. BPICH is uniformly spaced in frequency and spans entire system bandwidth. BPICH signal is utilized by Node B for UL sub-band channel estimation. Given UL channel structure captured in [2], BPICH may be assigned a single short block (SB) or long block (LB), depending on the desired tradeoff between channel estimation accuracy and Ul overhead. 
Benefits for UL channel sensitive sub-band are FFS. If it is determined that be benefits of sub-band channel sensitive scheduling are negligible, require prohibitively large uplink overhead and for that or any other reason undesirable, BPICH is not necessary.   
This channel is scrambled by UE specific scrambling code.
2.3 Channel Quality Indicator Channel (CQICH)

CQICH contains downlink channel quality information for the selected set of virtual antennas . UE feeds back the channel quality information in terms of post processing SNIR. In case of single codeword MIMO, post processing SNIR reflects signal fluctuation on all frequency tones and virtual antennas. Post processing reported SNIR 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.
This channel is scrambled by UE specific scrambling code.

2.4 Antenna Subset Indicator Channel (ASICH)

Depending upon whether the UE is configured in single user MIMO mode or SDMA mode, it needs to feed back the different information [3]. The ASICH is used for this purpose and 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 [3]:

· MIMO

· Set of preferred (virtual) transmit antennas

· SDMA

· 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.

This channel is scrambled by UE specific scrambling code.
2.5 Request Channel (REQCH)

REQCH could be send in-band on a shared data channel (SDCH) or if SDCH is not assigned to UE on a separate contention based shared channel request channel (SREQCH). The purpose of SREQCH is to enable fast allocation of UL resources to UE that is time and frequency synchronized, where fast allocation of UL resources is necessary for maintaining desired quality of service. 

2.5.1 In-band on SDCH

Information contained in request message sent in-band on SDCH should include

· Scheduling information
· Amount of data in the buffer

· Priority of data

2.5.2
Shared REQCH

Information contained in request message sent Shared REQCH (SREQCH) should include

· MAC ID

· Scheduling information
· Amount of data in the buffer

· Priority data

All the information is encoded. SREQCH is allocated orthogonal resources in time and frequency from other uplink channels. It is for FFS to determine if this channel can be merged with RACH.

This channel is scrambled by the cell specific scrambling. 

2.6 Acknowledgment Channel (ACKCH)

UL physical channel carrying a single bit (ACK/NAK) for DL data transmissions. More than one bit would only be sent in case of multi code word MIMO, where UE can acknowledge successful decoding for each stream. To optimize the time/frequency allocation of this channel, a predefined one-to-one mapping of the DL data channel resource allocation to UL ACK allocation may be used.

This channel is scrambled by the UE specific scrambling. 

2.7 Shared Data Channel (SDCH) 

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

SDCH is scrambled by the UE specific scrambling code
.
. 

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 UL overall channel structure in [2] as proposed with the text proposal below is recommended.
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--------------------- Start of Text Proposal ---------------------
9.1.1.1A 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.
· Broadband Pilot Channel (BPICH): Provides pilot tones across an entire system bandwidth. Could be used as a reference signal to enable sub-band scheduling. 
· Channel Quality Indicator Channel (CQICH): Provides downlink channel quality information to Node B, for selected set of virtual antennas. Used for scheduling and link adaptation. Could also be considered as a reference signal for uplink sub-band scheduling.

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

· Request Channel (REQCH): Carries UE’s requests for UL resources assignments. Alternatively, UL requests are could be sent in-band on SDCH if such channel is assigned to UE.

· Shared Data Channel (SDCH): Carries scheduled user data. 

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

9.1.1.1.1 Random Access Channel (RACH)

RACH is a physical channel that enables initial system access and Layer 1 synchronization. In addition, RACH is used by UE to requests UL resources and indicates downlink radio conditions and scheduling information.

All data transmitted over RACH is embedded into access signature. Message is not attached to the access signature. RACH is contention based channel, although Node B should be able to separate access probes for different UEs simultaneously, provided they used distinct access signatures. RACH is allocated orthogonal resources to other uplink channels. RACH slot duration, periodicity and bandwidth are FFS.
This channel is scrambled by cell specific scrambling sequence
.

9.1.1.1.2 Broadband Pilot Channel (BPICH)

BPICH provides an UL reference signal useful for sub-band scheduling. BPICH is uniformly spaced in frequency and spans entire system bandwidth. BPICH signal is utilized by Node B for UL sub-band channel estimation. Given UL channel structure captured in [2], BPICH may be assigned a single short block (SB) or long block (LB), depending on the desired tradeoff between channel estimation accuracy and Ul overhead. 

Benefits for UL channel sensitive sub-band are FFS. If it is determined that be benefits of sub-band channel sensitive scheduling are negligible, require prohibitively large uplink overhead and for that or any other reason undesirable, BPICH is not necessary.   

This channel is scrambled by UE specific scrambling code.

9.1.1.1.3 Channel Quality Indicator Channel (CQICH)

CQICH contains downlink channel quality information for the selected set of virtual antennas. UE feeds back the channel quality information in terms of post processing SNIR. In case of single codeword MIMO, post processing SNIR reflects signal fluctuation on all frequency tones and virtual antennas. Post processing reported SNIR 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.

This channel is scrambled by UE specific scrambling code.

9.1.1.1.4 Antenna Subset Indicator Channel (ASICH)

Depending upon whether the UE is configured in single user MIMO mode or SDMA mode, it needs to feed back the different information. The ASICH is used for this purpose and 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:

· MIMO

· Set of preferred (virtual) transmit antennas

· SDMA

· 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.

This channel is scrambled by UE specific scrambling code.
9.1.1.1.5 Request Channel (REQCH)

REQCH could be send in-band on a shared data channel (SDCH) or if SDCH is not assigned to UE on a separate contention based shared channel request channel (SREQCH). The purpose of SREQCH is to enable fast allocation of UL resources to UE that is time and frequency synchronized, where fast allocation of UL resources is necessary for maintaining desired quality of service. 

9.1.1.1.5.1 In-band on SDCH

Information contained in request message sent in-band on SDCH should include

· Scheduling information 
· Amount of data in the buffer

· Priority of data

9.1.1.1.5.2
Shared Request Channel (SREQCH)

Information contained in request message sent SREQCH should include

· MAC ID

· Scheduling Information
· Amount of data in the buffer

· Priority of data

All the information is encoded. SREQCH is allocated orthogonal in time and frequency from other uplink channels. It is for FFS to determine if this channel can be merged with RACH.

This channel is scrambled by the cell specific scrambling. 

9.1.1.1.6 Acknowledgment Channel (ACKCH)

UL physical channel carrying a single bit (ACK/NAK) for DL data transmissions. More than one bit would only be sent in case of multi code word MIMO, where UE can acknowledge successful decoding for each stream. To optimize the time/frequency allocation of this channel, a predefined one-to-one mapping of the DL data channel resource allocation to UL ACK allocation may be used.  

This channel is scrambled by the UE specific scrambling. 

9.1.1.1.7 Shared Data Channel (SDCH)

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

SDCH is scrambled by the UE specific scrambling code
.

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



























































































































































































































































































































































































































































































� Scrambling sequence can also be UE specific.


� Scrambling sequence could also be UE specific, conveying MAC ID information.


� Scrambling sequence can also be UE specific.


� Scrambling sequence could also be UE specific, conveying MAC ID information.
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