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Foreword

This Technical Specification (TS) has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of this present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document specifies and establishes the characteristics of the physicals layer procedures in the FDD and TDD modes of [Evolved UTRA].

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 36.201: "LTE Physical Layer – General Description ".
[3]
3GPP TS 36.211: "Physical channels and modulation".

[4]
3GPP TS 36.212: "Multiplexing and channel coding".

[5]
3GPP TS 36.214: "Physical layer – Measurements".

3
Definitions, symbols, and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

ACK
Acknowledgement
BCH
Broadcast Channel

CQI
Channel Quality Indicator

CRC
Cyclic Redundancy Check
CCCH
Common Control Channel
CCPCH
Common Control Physical Channel
DL
Downlink
DCRS
Downlink Common Reference Signal
DSCH
Downlink Shared Channel
DTX
Discontinuous Transmission

NACK
Negative Acknowledgement
P-BCH
Primary Broadcast Channel
PDSCH
Physical Downlink Shared Channel
P-SCH
Primary Synchronization Channel
PUSCH
Physical Uplink Shared Channel
QoS
Quality of Service

RS
Reference Signal
USCH
Uplink Shared Channel
S-BCH
Secondary Broadcast Channel
SCH
Synchronization Channel (refers to Primary and Secondary SCH)
S-SCH
Secondary Synchronization Channel
SIR
Signal-to-Interference Ratio

SINR
Signal to Interference plus Noise Ratio

TTI
Transmission Time Interval

UE
User Equipment 

UL
Uplink
4
Synchronisation procedures
4.1
Cell search
During the cell search, the UE searches for a cell and determines various cell information such as the cell ID where such information determined is based on whether initial cell search or non-initial cell search is being performed. Initial cell search occurs when a UE is trying to first access the network and is not camped on a cell while non-initial cell search is needed to allow handover (for UEs in the LTE_ACTIVE state) or cell reselection (for UEs in the LTE_IDLE state) to other stronger potential serving or camping cells.  The signals used in cell search are the P-SCH, S-SCH, [and the downlink common reference signal].  The SCH only occupies the center 72 subcarriers of the carrier bandwidth as shown in Figure 4.1.
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Figure 4.1 – SCH occupancy in carrier bandwidth
4.1.1
Initial Cell search
A [3] step initial cell search procedure is used as shown in Figure 4.1.1.  The first step is to attempt P-SCH detection at each raster frequency.  Successful P-SCH detection determines slot timing and allows frequency acquisition. Given step 1 is successful then step 2 is to attempt S-SCH detection which when successful allows determination of (a) the cell’s transmit antenna configuration used for the P-BCH, (b) detection of the cell-ID [group], and (c) when taken with P-SCH detection allows radio frame boundary detection.  [The CP length is blindly detected in step 2].  [Identification of the cell-ID is determined in step 3 by detecting the cell’s downlink common reference signal sequence].  After step 3 is successful then it is possible to read the P-BCH to acquire any other system information needed to access the system.


[image: image3]
Figure 4.1.1 – Non-Initial Cell Search [3] step procedure
4.1.1.1
Location of P-SCH and S-SCH <might not be appropriate for 36.213>
The P-SCH and S-SCH are located in the same slot as shown in Figure 4.1.1.1 and for two different slot locations per Radio frame for FDD and and the LCR subframe structure and [one or two times] per radio frame for the generic TDD frame structure. 

[image: image4]
Figure 4.1.1.1 – P-SCH and S-SCH Radio frame occupancy
4.1.2
Non-initial Cell search


Non-initial cell search for LTE consists of three possibilities:

· intra-frequency cell search (from LTE to LTE)

· inter-frequency cell search (from LTE to LTE)

· inter-RAT cell search (from other RAT to LTE)

4.4
Timing synchronisation

4.4.1
Synchronisation primitives
4.4.2
Radio link monitoring

4.4.3
Inter-cell synchronisation

[For example, for cell sites with a multicast physical channel]
4.4.4
Transmission timing adjustments

5
Power control

5.1
Uplink power control
Uplink power control adjusts the UE transmit power in order to achieve 

· Successful data decoding after a targeted number of transmissions per packet to achieve a desired QoS 

· Reliable control channel transport.

· Acceptable out of band and adjacent channel emissions and 

· Acceptable adjacent cell interference levels.

5.1.1
Physical uplink shared channel
5.1.1.1
UE behaviour

5.1.1.2
eNodeB behaviour
5.1.2
Physical uplink shared control channel
5.1.2.1
UE behaviour

5.1.2.2
eNodeB behaviour

5.2
Downlink power allocation 
[The assumptions a UE can make on how power is distributed between subcarriers in the same OFDM symbol. Any restrictions on how total power is distributed between the subcarriers of different downlink channels in the same OFDM symbol. For example, do common reference symbols have priority to receive a certain fraction of total power in order to achieve a certain required or targeted transmit power per subcarrier level before other channels are allocated power? When and how often can common reference channel power be changed?]
The transmit power of each downlink physical channel is determined by the eNodeB. In general most aspects of a downlink power allocation procedure for determining the fraction of total transmit power allocated to each physical downlink channel do not need to be specified.  Nevertheless, some minimal aspects of downlink power allocation are specified to allow for proper UE operation and to aid UE design and reduce complexity.
The total downlink power is allocated on an OFDM symbol basis.
[A subcarrier transmit power offset for each physical downlink channel is set by the eNodeB and determines the fraction of total power allocated to it on an OFDM symbol basis.  The subcarrier transmit power offset is defined relative to a uniform subcarrier transmit power allocation assuming 0dB power offsets.]
[Each downlink physical channel has a corresponding maximum subcarrier transmit power offset which serves to limit a channels maximum possible power boost. The resulting total power over all subcarriers of an OFDM symbol must not exceed the maximum downlink total power.]
5.2.1
UE behaviour
The UE may be configured to report CQI, pathloss, or other channel quality information to the serving eNodeB via the uplink shared control channels, the uplink shared channels (piggy backed), or random access channel to support any downlink power allocation procedure.

[The subcarrier transmit power offset is constant for each downlink physical channel within a TTI.] [The subcarrier transmit power offset for each downlink physical channel chosen by the eNodeB is limited by a corresponding maximum subcarrier transmit power offset defined in 5.2.3.]  A UE shall assume that the transmit power for a downlink L1/L2 control channel is constant within a TTI.

5.2.2
eNodeB behaviour
Upon receiving CQI reports, pathloss reports, or other channel quality reports, the eNodeB may adjust physical downlink channel power allocations accordingly.  Changes to physical downlink shared channel subcarrier transmit power shall occur only on OFDM symbol boundaries.

The eNodeB determines the transmit power for each L1/L2 control channel which is constant within a TTI.
[The subcarrier transmit power offset for each downlink physical channel shall remain constant within a TTI.  The total power allocated by the eNodeB over all transmitted subcarriers for each OFDM symbol shall not exceed the maximum downlink total power.]
5.2.3
Downlink channel subcarrier transmit power offset
[Definition of and restrictions on the subcarrier transmit power offset for each downlink channel type]

6
Random access procedure
Non-synchronized random access is used by a UE when its uplink has not been or is no longer time synchronized with a target cell uplink.  The random access channel may be used (a) to request initial access, (b) as part of a handoff procedure, (c) to transition from idle to connected state, or (d) to re-establish uplink synchronization.

Figure 6 illustrates a non-synchronized random access structure.   Each random access channel occupies a bandwidth of BWRA = 1.08 MHz (6 resource blocks) and its length is a multiple of 1ms TTI.  Multiple random access channels may be defined in the frequency domain within one access period TRA in order to provide sufficient number of random access opportunities.  Note that 64 preambles are always available per random access channel.  

Prior to initiation of the non-synchronized physical random-access procedure, Layer 1 shall receive the following information from the higher layers -

1. Available random access channels (number, frequency position, time period and timing offset )

2. Available preamble formats and mapping to implicit message. Available root ZC sequences and indices.

3. Initial preamble transmission power

4. Power-ramping step size (note 0 dB step size is allowed)

5. Maximum number of preamble retransmissions

6. [Uplink interference level]

7. [Cyclic shift value]
The following information fields are to be transmitted as part of the System Information (e.g. using P-BCH/S-BCH) –

1. Random access channel parameters (number, frequency position, time period and timing offset )

2. Preamble format for the cell (selected from a small number of formats according to e.g. cell size)

3. Number of root ZC sequences and sequence indices 

4. Preamble mapping to implicit message (set of cause values, CQI quantization parameters, signature mapping)

5. Power-ramping step size ( note 0 dB step size is allowed)

6. Maximum number of preamble retransmissions

7. [Transmit power of the eNode-B common reference signal]
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· Figure 6 – Non-synchronized random access channel mapping

6.1
Physical non-synchronized random access procedure
From the physical layer perspective, the L1 random access procedure encompasses successful transmission of messages 1 and 2 (random access preamble and random access response).  The remaining messages are scheduled for transmission by the higher layer on the shared data channel and thus not considered part of L1 random access procedure.  Figure 6.1 illustrates the call flow diagram for the non-synchronized random access procedure. 
The following steps are required for the L1 random access procedure –

1. Prior to initiation of the non-synchronized physical random-access procedure, Layer 1 shall receive the information as outlined in Section 6 from the higher layers.

2. A random access channel is randomly selected from the available non-synchronized random access channels.  A preamble sequence is then randomly selected from the available preamble set based on the implicit message to be transmitted.  The random function shall be such that each of the allowed selections is chosen with equal probability.
3. The initial preamble transmission power level (which is set by the MAC) is determined using an open loop power control procedure.  The transmission counter is set to the maximum number of preamble retransmissions.  Preamble transmission then occurs using the selected random access channel, preamble sequence, and preamble transmission power.
4. If no response (message 2) corresponding to the transmitted preamble sequence (message 1) is detected then another random access channel and preamble are randomly selected.  If the maximum transmission power and the maximum number of retransmissions have not been reached, then preamble retransmission occurs.  Otherwise the L1 status ("No acknowledgment on non-synchronized random access") is passed to the higher layers (MAC) and the physical random access procedure is exited.
5. If a response (message 2) corresponding to the transmitted preamble sequence (message 1) is detected, then the L1 status ("ACK on non-synchronized random access received") is passed to the higher layers (MAC) and the physical random access procedure is exited. 
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Figure 6.1 – Non-Synchronized Random access procedure
6.1.1
Non-synchronized Preamble Formats <might not go in 36.213>
The random access preamble length is N x 0.8msec with a guard time of N x 0.0974 msec and a cyclic prefix length of 0.1026 msec such that a random access preamble TTI is N x 1ms where N is the repetition factor.  For the base random access preamble the value of N is set to 1 where for larger cells the value of N can be greater than 1.
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Figure 6.1.1.2 – Non-synchronized random access preamble transmission (random access burst)


6.1.2
Power Control
Open loop power control is used to set the power level of a UE’s random access preamble transmission [based on the transmit and receive power levels of the target cell downlink common reference signal].  [The common reference signal transmit power is given in the system information which may be signalled via the target cell’s BCH].  Preamble retransmission power level can be the same as or set larger than the initial preamble transmission power level in steps of Pramp dB where Pramp is >= 0. 
6.1.3
Preamble Sequence selection
The preamble is based on Zadoff-Chu sequence with zero-correlation zones (ZC-ZCZ) where each zone is generated through a cyclic shift of the base sequence. Multiple mother Zadoff-Chu sequences may be used when the required number of zones cannot be generated.  The random access message is implicit in the preamble selection. Hence, the cause, random ID, and CQI information are conveyed implicitly by the preamble. Figure 6.1.3 shows one possible preamble index semi-static allocation.
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Figure 6.1.3 –Preamble associated with message

The following steps are used for preamble design –

· A small number of preamble formats (e.g. based on the cell size) as described in Section 6.1.1 are available. 

· UEs are are notified of the preamble format and different Zadoff-Chu sequence indices in order to construct the set of available preambles.

· Preambles are associated with a message via a semi-static mapping transmitted on the BCH. 
7 
Physical downlink shared channel related procedures
7.1.
UE procedure for receiving physical downlink shared channel
[For persistent and non-persistent scheduling, Includes pertinent aspects of downlink HARQ procedure and link adaptation procedure including any related signalled parameters to eNodeB and UE, ACK/NACK or CQI repetition procedure, eNodeB ACK/NACK detection procedure, handling of multiple HARQ processes for MIMO, etc]

7.2
UE procedure for reporting channel quality indication (CQI)
[Includes CQI reporting needed to support frequency domain scheduling at eNodeB, CQI bin bandwidth, selection of CQI MCS, repetition, etc]
7.2.1
Channel quality indicator (CQI) definition
[Includes definition of CQI information needed for frequency domain scheduling, may define different CQI MCS]
7.3
UE procedure for reporting MIMO feedback (MF)

7.3.1
MIMO feedback (MF) definition

[…]

8
Physical uplink shared channel related procedures

8.1
eNodeB procedure for receiving physical uplink shared channel

[For persistent and non-persistent scheduling, includes pertinent aspects of uplink HARQ and link adaptation procedure including any related signalled parameters to eNodeB and UE, repetition, SR procedure, and any uplink reference signal sequence assignment procedure]

8.2
UE sounding procedure
8.2.1
Sounding definition
8.3
UE procedure for ACK/NACK detection
9
Physical shared control channel procedures
Control signalling resources are located in the first n downlink OFDM symbols with n ( 3.  Downlink Data transmission starts - at the earliest – in the same symbol that the control signalling transmission ends in. Downlink control signalling is transported via L1/L2 control channels and uplink ACK/NACK channels.  Each L1/L2 control channel is convolutional coded and carries scheduling grant information for a DSCH or an USCH.  [There are Ndsl(i) L1/L2 control channel detection starting locations for carrier bandwidth mode i where one or more of the detection starting locations are monitored by UEs in the LTE_ACTIVE or the LTE_IDLE state.]  The L1/L2 control channels each carry information for one MAC ID. At least two formats (modulation and coding schemes) are supported for L1/L2 control channels.
9.1
eNodeB procedure for physical uplink shared control channel assignment

9.2
UE procedure for determining physical uplink shared control channel assignment

[includes determining ACK/NACK, CQI, SR physical uplink shared control channel assignments which maybe implicitly based on downlink L1/L2 control channel assignments or explicitly signalled]
9.3
eNodeB procedure for physical downlink shared control channel assignment

[includes UL ACK/NACK assignment, L1/L2 control channel assignment for persistent and non-persistent scheduling, possible control channel MCS assignment, control channel assignment when UE in different sleep modes]

9.4
UE procedure for determining physical downlink shared control channel assignment
[includes UL ACK/NACK physical downlink shared control channel assignment determination by UE, L1/L2 control channel assignment determination by UE for persistent and non-persistent scheduling, determination of DL control channel MCS, determining L1/L2 control signalling for Paging, control channel determination in different sleep modes]
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