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1 Introduction
In the RAN1 WG1 meeting #40bis in Beijing it was agreed that “basic L1 concept description text proposals to be made available for inclusion in the RAN1 TR until the June AH” (see report R1-050574). This technical document proposes such a text for Section 9 in the TR “Physical Layer Aspect for Evolved UTRA” [1]. Agenda item 4.1 (technical solutions) seems to be most appropriate for presentation of this text proposal. This document proposes a text for inclusion in the TR “Physical layer aspect for evolved UTRA”.
2 Text proposal
-------------------------------------Start of text proposal----------------------------------------------------------
2.1 Basic transmission scheme

Modulation scheme

The modulation scheme for uplink is block transmission of single-carrier signal with QPSK and 16 QAM signal constellations.
The complex transmission symbols (data and pilot symbols) are mapped on a single-carrier signal. Each block of M complex symbols xn results in a baseband signal sB(t) given by
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where the exponential in (1) is a subcarrier, nk=n0+Qk is the subcarrier index, TG is a guard interval, and Tb is the length of the block.  p(f) is a pulse-shaping window in the frequency domain for reducing the peak-to-average power ratio (PAPR) of the output signal. It can e.g. be the transfer function of a root-raised cosine filter. N+1 is the number of used subcarriers for the transmission, and should be greater than M to allow for PAPR reduction. n0 is the frequency offset index and Q is the time-domain repetition factor. The transmitted signal during the interval [-TG, 0] is a cylic prefix, i.e. a copy of the transmitted signal in the interval [Tb -TG, Tb].
The transmitted signal is obtained as 
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where fc is the carrier frequency.

The structure of a possible implementation of the basic transmission scheme is shown in Figure 1.
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Figure 1 Transmitter structure (example)
A 10 ms radio frame is divided into one access slot and 5 subframes as shown in Figure 2. 
In each subframe, there is one short pilot block for link quality estimation, followed by 3 time slots for data transmission and channel estimation. 
In each time slot, there are three data blocks, 0.17 ms long. The size of the data block is a trade off between immunity to Doppler spread and minimization of the overhead of the guard interval. The selected size of the data block corresponds to a block sampling rate of 5.9 kHz, which is 7 times the maximum Doppler spread (840 Hz at fc=2.6 GHz and UE speed of 350 km/h), to have a fairly constant channel over a block even for the worst case of Doppler spread. 
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Figure 2 Time slot structure and block structure of a 10 ms radio frame.
Each time slot contains a pilot signal for channel estimation. In order to give accurate channel estimates for delays up to the length of the guard interval the pilot signal is longer than the guard interval. The guard interval is selected to be TG=10 µs to accommodate both delay spread and a certain asynchronicity between users. The size of the access slot is 0.11 ms larger than the time slots to allow for misalignment of the received signal at the Node B during random access. For large cells the Node B can configure the format of the random access message such that only one data block is sent. The misalignment margin is then 0.375 ms corresponding to a 56 km radius.
Multiplexing including pilot structure
The following transport channels are multiplexed in uplink: 

· Random access channel (RACH) to be used for the UE to get access to the network. The channel is also used to convey small packets of non-scheduled data.

· The Request channel (RCH) carries requests for scheduled data transmission.

· The shared data channel (DSCH) carries user data and higher layer signaling.
· The control channel carries UL transport format signaling. 

· There are two kinds of pilot channels:

· The link quality pilot channel (L-PICH) is a dedicated channel and allows the Node B to measure the link quality for a UE. Each user transmits the L-PICH regularly over several subbands or the whole band to allow the Node B to measure the link quality. Since only the amplitude of the radio channel is of interest, the pilot signal only covers a small number of subcarriers by using a high value of the repetition factor Q.
· The associated pilot channel (A-PICH) supports the channel estimation in the Node B. It is transmitted only in the same subbands and time slots as the transmitted data to save transmit power and to keep orthogonality between users. The used subcarriers should be close enough to resolve both amplitude and phase of the radio channel.
· Downlink feedback channels

· The ACK/NACK channel carries ACK/NACK.
· The CQI channel (dedicated) carries channel quality measurements.

· The MIMO feedback channel carries feedback for MIMO.
The basic structure of channel multiplexing is shown in Figure 3. The frequency band is divided into subbands, each of them 200 kHz wide. 

The DSCH by default occupies the whole bandwidth of all the data blocks in all subframes.

Random access bursts are allowed on RACH, which covers a contiguous set of subbands in the beginning of each radio frame.  

It might be needed to map RACH more often than once a radio frame. In that case there should not be a special access slot in the beginning of the frame, but resources in the time-frequency grid should be allocated, e.g. every subframe. The parameters in Figure 2 would then be modified. For very large cells, RACH can be extended to include the pilot block and the first time slot of the frame for the same set of subbands as in the access slot to increase the misalignment margin.
The RCH is mapped on the rest of the subbands in the access slot. 

However, the Node B can take part of the resources from DSCH and allocate them for RCH. The mapping of RCH should be signaled on the broadcast channel in downlink. 

The downlink feedback channels are dedicated and mapped on resources taken from the DSCH. 
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Figure 3 Basic structure of channel multiplexing
The control channel is multiplexed with the shared data channel, so that the control information from one UE is transmitted on the same subcarriers and time slots as the data. The L-PICHs for different users are dedicated channels, time and interleaved frequency domain multiplexed. The set of all L-PICHs is time multiplexed with the DSCH.
The DSCH, the dedicated DL feedback channels and RCH (in case it is mapped after the access slot) are all mapped on basic access channels (BACHs), where each BACH is transmitted on a set of subcarriers and during certain time intervals within a single time slot. There are two types of BACHs, in the first type (Localized BACH) the data from a UE is mapped on contiguous subcarriers (Q=1); in the second type (Distributed BACH), the data from a UE is mapped on equidistant non-contiguous subcarriers (Q>1).  Several users can be multiplexed in the same subband(s) with the distributed BACH. 
The multiplexing of the different types of BACHs and A-PICH is shown in Figure 4. There may be both distributed and localized BACHs in the same time slot as indicated in the figure. Each subband can only carry one type of BACH, either localized or distributed. A localized BACH covers one subband and can only carry data from a single user. A distributed BACH covers one or several contiguous subbands and is characterized by its first subcarrier n0, the repetition factor Q and number of subbands, Nsub. All distributed BACHs present within a subband have the same value of Q. In order to keep the peak-to-average power ratio low a user is only allowed to transmit on one of the following combinations of BACHs in a time slot:

· A single localized BACH

· A set of localized BACHs covering contiguous subbands

· A single distributed BACH

The A-PICH is time multiplexed with the BACH. The A-PICH and the BACH of a UE are carried on the same subband(s) to support channel estimation for demodulation of the data transmitted on BACH.
The DL feedback channels of one UE are time multiplexed within a time slot and a single dedicated DL feedback channel is allocated to each UE and is mapped on a distributed BACH. If the UE transmits data within a time slot the DL feedback channel is not mapped on the dedicated channel but time multiplexed with the data and mapped on the same BACH as the data in order to keep a low peak-to-average power ratio of the transmitted signal.
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Figure 4 Multiplexing of BACH and A-PICH
Channel coding and physical channel mapping
All control channels and DL feedback channels for one UE that exist in the same time slot are encoded together. The encoded control channel bits and DL feedback channel bits are transmitted before the encoded data bits.
MIMO
Transmission from two antennas is supported in uplink and is possible in two modes, the normal and the collaborative mode. Only open loop MIMO is supported in the uplink.
 
In the normal uplink MIMO mode, the uplink transmission is made from the same UE and the number of parallel data streams transmitted from the two antennas can be either one, to obtain transmit diversity using the Alamouti space time code, or two, to obtain spatial multiplexing. In the collaborative mode, uplink MIMO with dual streams is achieved by two UE’s transmitting from single antennas on the same assigned channel.
 
In uplink MIMO with dual streams, the channel assignment by the Node B is made in the same way as for single antenna transmission. The data transmission on the two antennas is mapped on the same set of subcarriers. Two orthogonal pilot signals are transmitted on the two antennas for A-PICH and also for L-PICH.
 
In uplink MIMO with single stream, the Alamouti encoded symbol stream is mapped in the space-time direction. The data transmission on the two antennas is mapped on the same set of subcarriers. Two orthogonal pilot signals are transmitted on the two antennas for A-PICH and also for L-PICH.
2.2 Physical channel procedure
Random access procedure
The UE accesses the network by sending random access signals on the RACH.
Scheduling
The UE requests grants for transmission from the Node B. In every time slot the Node B assigns at most one BACH to each UE. The Node B signals to the UE the number of the symbols within a data block, M, the subcarrier index of the first active subcarrier,  n0, and the time-domain repetition factor, Q. The Node B also signals the maximum allowed transport format to be transmitted.
Link adaptation
When the UE is assigned a BACH the Node B signals to the UE the maximum allowed transport format.

Frequency reuse and power control
To reduce the uplink inter-cell interference, some constraints can be imposed on Node B scheduling. For example, only a part of the uplink spectrum can be scheduled to UEs located near the cell edge while adjacent cells use different uplink spectrum parts for cell edge UEs
HARQ
HARQ is applied in the uplink. The Node B transmits an ACK signal if a packet is successfully decoded and a NACK signal if it has not succeeded to decode the packet. If the UE receives ‘NACK’ it retransmits the packet until it receives an ‘ACK’ or until the maximum number of transmissions is reached. Incremental redundancy or Chase combining is applied in the retransmission process. There may be several active HARQ processes in parallel. The Node B signals to the UE the parameters of the HARQ.
-------------------------------------End of text proposal----------------------------------------------------------
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