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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 7 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.
2 Text proposal
--------8<----------------------8<---------------Start of text proposal--------8<----------------------8<--------------
7.1

Basic transmission scheme
This section describes the basic modulation and the emitted signal (section 7.1.1), the multiplexing of the various physical channels (section 7.1.2), how channel coding is performed and mapping onto the physical channels is done (section 7.1.3) and the MIMO modes for the shared data channel (section 7.1.4).

7.1.1
Modulation scheme
The modulation scheme is classical OFDM with a cyclic prefix and a pulse shaping window. Each of the various bandwidth employment modes employs the same generic inter-subcarrier distance 
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where N is the number of useful subcarriers. The real and imaginary components of this signal modulate the in-phase and quadrature components of a carrier frequency, respectively. The parameters in (1), Ts, TG and N, are shown in Table 1. Two alternative values for TG  represent the two alternative operation modes. A suitable pulse shaping time window for each of the OFDM symbols is applied, see [2] for an example.
The NodeB transmits a stream of OFDM symbols (1) from each of the transmit antennas. OFDM symbols in these streams form radio frames of 10 ms in duration. A radio frame consists of a sequence of 117 or 102 OFDM symbols, depending on the operation mode of the base station. Note that the cyclic prefix of the first OFDM symbol is longer than that of the other OFDM symbols (see footnote in Table 1).

For the purpose of physical channel multiplexing (described in the next section), the OFDM symbols in a radio frame are structured in time slots and subframes. Figure 1 illustrates the time-structure of one radio frame. A radio frame consists of a synchronization burst (2 OFDM symbols) followed by 5 subframes. Each subframe consists of two leading OFDM symbols for pilots and control followed by 3 timeslots. Each timeslot consists of 7 or 6 OFDM symbols, depending on the operation mode of the base station.

Table 1: Key parameters in (1) for OFDM modulation and parameters for a typical implementation of (1).
	Bandwidth
	Parameters in (1)
	Parameters in typical implementation of (1)

	operation mode
	TS [s]
	TGs]1,2
	N3
	sample frequency fs  [MHz]
	TS[samples]
	TG[samples]1,2

	1.25 MHz
	80
	5 
or 
17.5
	60
	1.6
	128
	8 / 28

	2.5 MHz
	
	
	160
	3.2
	256
	16 / 56

	5 MHz
	
	
	360
	6.4
	512
	32 / 112

	10 MHz
	
	
	760
	12.8
	1024
	64 / 224

	15 MHz
	
	
	1160
	25.6
	2048
	128 / 448

	20 MHz
	
	
	1560
	25.6
	2048
	128 / 448


1Figures in this column refer to two operating modes.
2First OFDM symbol in radio frame has 55s longer prefix length: TG = 60s / 72.5s (respective modes).
3Figures in this are indicative. FFS with respect to the frequency band needed for roll-off.
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Figure 1: Time-structure of modulated signal. Radio frame, time slots And OFDM symbols in short (top) and long (bottom) cyclic-prefix-mode.
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Figure 2: Frequency-structure of modulated signal. OFDM subcarriers and subbands.
Figure 2 illustrates the frequency structure of the signal (1). Two aspects characterize this structure. Firstly, an OFDM symbol consists of N subcarriers, depending on the bandwidth operation mode of the base station. Secondly, the whole bandwidth consists of M subbands (16 OFDM subcarriers each). For the values of N, see Table 1. The value of M follows from 
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. Indicative values of N are given in Table 1. These values are designed with respect to the spectral emission requirements in each respective bandwidth mode and wit respect to the chosen pulse shape.
7.1.2 Multiplexing including pilot structure

The following subsections describe how 8 physical channels are multiplexed (1 shared data channel, 3 pilot channels (synchronization channel, channel estimation pilot channel, and the CQI estimation pilot channel) and 4 control channels (the broadcast/paging channel, the modulation indication channel, the scheduling channel, and the UL ACK/NACK channel)).
7.1.2.1 The synchronization channel

The synchronization pilot channel transmits a known signal that allows the UEs to synchronize their clocks and oscillators to those of the NodeB. The synchronization pilot channel uses the first 2 OFDM symbols in the radio frame for the transmission of a known signal. The time duration of the synchronization signal is 225s or 250s for the two transmission modes, respectively. The exact form of the synchronization signal is for further study, but typically the 2 OFDM symbols have a strong repetitive structure.
7.1.2.2 The shared data channel
The NodeB scheduler assigns the resources available in the shared data channel to the users. For this purpose, the shared data channel is built up of two types of basic access channels (BACHs). The scheduler can assign one or a multiple of these smallest building blocks to a particular user. The two types of basic access channels are:
· Localized BACH (no hopping). A localized BACH is defined as the group of those cells in the time-frequency grid that are confined to (located within) 1 subband and 1 timeslot and that are not part of other either the CQI-estimation pilot channel, the channel-estimation channel or the modulation indicator channel. A localized BACH is thus uniquely defined by a timeslot index and a subband index. Localized BACHs are typically used for data traffic to users that provide reliable channel quality information for the particular subband in such a manner that a multi-user diversity gain is realized.
· Distributed BACH (hopping). A distributed BACH applies subband hopping within a timeslot, that is, it is defined as the group of cells in the time-frequency grid that are confined to (located within) 1 subband for each of the constituting OFDM symbols, while these subbands are typically different for different OFDM symbols in the timeslot. A hopping pattern of a particular distributed BACH is taken from a fixed set of orthogonal time-frequency patterns derived from one generic hopping pattern. A distributed BACH is thus uniquely defined by a timeslot index and a hopping pattern. Distributed BACHs are typically used for data traffic to users that (for whatever reason) do not provide reliable channel quality information.

Localized and distributed BACHs are multiplexed in an orthogonal manner. Each NodeB classifies the available subbands for use by either distributed BACHs or by localized BACHs. This classification is broadcasted through the broadcast channel.
Figure 3 and Figure 4 show two examples of such a multiplexing of localized and distributed BACHs. In the first example, 50% of the subbands are reserved for localized BACHs (the odd-indexed subbands) and 50% are reserved for distributed BACHs (the odd-indexed subbands). In the second example this ratio is 70% / 30%. The orthogonal hopping patterns are derived from one generic hopping pattern. Should this derivation result in a particular hopping pattern that falls onto one or more localized BACHs, these localized BACHs have priority. In these cases the colliding subbands in the hopping pattern are eliminated from that hopping pattern. 
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Figure 3: Concept of localized and distributed BACHs for the 2.5MHz bandwidth mode with 10 subbands. In this conceptual example 50% of the resources (every second subband) is reserved for localized BACH-based data transmission, the other 50% is reserved for distributed BACH-based transmission. In this example, UE # 1,2 and 3 use a localized BACH data channel and UE #4 and 5 use a distributed BACH data channel. 
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Figure 4: Concept of localized and distributed BACHs for the 2.5MHz bandwidth mode with 10 subbands. In this conceptual example 30% of the resources (every third subband) is reserved for distributed BACH-based data transmission, the other 70% is reserved for localized BACH -based transmission. 
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Figure 5: Multiplexing of the channel estimation pilot channel and the wecond part of the CQI estimation pilot channel in one subband/timeslot.
7.1.2.3 The modulation indicator channel

The modulation indicator channel is transmitted along with each transmitted BACH (localized/distributed). It contains information about the modulation (BPSK, QPSK, 16QAM, 64QAM) that is used in the associated BACH and ensures that the BACH is self-contained, that is it can be demodulated independent from the reception of other channels. Notice that only soft bit-metrics can be generated in this self-supporting manner; decoding of a data block can be done only with the aid of the information in the scheduling control channel (see section 7.1.2.8). The modulation indicator channel is modulated and coded with a predefined format. It is multiplexed in the same subbands that the associated BACH uses, and mapped onto known subcarriers.
7.1.2.4 The CQI estimation pilot channel
The CQI estimation pilot channel transmits a known signal that allows the UEs to properly estimate the channel quality (signal to interference and noise ratio) of the relevant subbands. The CQI estimation pilot channel consists of two parts: 

· The first part of this channel is time multiplexed with the other channels. The start of each subframe contains a known pilot OFDM symbol (the second OFDM symbol in the subframe, see Figure 1). 

· The second part of this channel is frequency multiplexed with the other channels. One subcarrier located in the middle of each subband during a timeslot contains known constellation symbols, see Figure 5.
Because the CQI estimation pilot channel is meant to reflect the transmission conditions during the upcoming time slots in the relevant subbands, the spatial multiplexing or beamforming conditions also must reflect the upcoming timeslots. Therefore, the spatial multiplexing or beamforming constellation is typically 1 subframe ahead of the data channel This allows the UE to properly anticipate and predict the channel quality for each of the subbands.
7.1.2.5 The channel estimation pilot channel

The channel-estimation pilot channel transmits a known signal that allows the UEs to properly estimate the complex-valued channel attenuations that are needed to demodulate and detect information bits transmitted on other channels. The channel-estimation pilot channel is multiplexed on a number of scattered cells in each subband/timeslot, see 
Figure 5
. How many subcarriers (out of the 16 subcarriers in a subband) are reserved for the pilot channel is dependent on the MIMO operation mode. 
The subcarriers within a subband that are used for pilot-transmission change from one OFDM symbol to the next according to a hopping sequence. The same hopping sequence is used for all subbands in a cell in order to facilitate frequency interpolation of the estimated channel. Furthermore, hopping sequences for each transmit antenna are orthogonal. The particular hopping sequences used in various NodeB’s for pilot hopping ensure by their design a robustness of the pilot channel to intercell interference, both in a synchronous and in a non-synchronous network scenario.
7.1.2.6 The scheduling control channel

The scheduling control channel carries the DL and UL scheduling information. It contains the information that enables each UE to find out whether it is assigned one or more code blocks during the subsequent subframe, and if so, in which timeslots and on which BACHs its data appears. This channel is time-multiplexed onto the first OFDM symbol of each subframe, see Figure 1.
7.1.2.7 The broadcast/paging channel

The broadcast/paging channel transmits control information and paging information. This channel is frequency-multiplexed with the other channels. Typically, one of the subbands is reserved for the broadcast/paging channel.
7.1.2.8 The UL ACK/NACK control channel 
The uplink ACK/NACK control channel carries the ACK/NACK bits associated with the uplink data traffic. This channel is frequency-multiplexed with the other channels into the same subband used by the broadcast/paging channel.
7.1.3
Channel coding and physical channel mapping
The channel coding follows the 3GPP turbo codec and the coding/interleaving designed for HS-DSCH channels. A general overview of the channel coding and physical mapping including MIMO processing is shown in  REF _Ref105484908 \h 
 \* MERGEFORMAT . Data arrives for N users to the encoders. The information bits are encoded and CRC is added. Then Hybrid-ARQ functionality for the physical layer is introduced, including rate matching followed by optional MIMO stream segmentation for BACH reuse. After stream interleaving, an optional block of MIMO processing follows where Transmit Diversity (TD) encoding and/or spatial precoding/beamforming is adopted before the physical channel mapping which is performed per antenna and gives the output symbol stream to be mapped to BACH. Note that  REF _Ref105484908 \h 
 \* MERGEFORMAT  is a general overview of the coding and physical mapping and only a restricted set of combinations of stream segmentations, TD encoding, number of antennas etc is possible.  


[image: image12]
Figure 6 Coding chain with M transmit antennas and N users. 
7.1.4
MIMO modes for the shared data channel
The following general MIMO modes can be applied to each of the BACH channels independently.

· Spatial multiplexing

· Spatial diversity

· Hybrid diversity-multiplexing

7.1.4.1 Spatial multiplexing
With spatial multiplexing, a BACH is reused in the spatial dimension, which leads to high spectral efficiency. When spatial multiplexing is used, the transmit diversity (TD) block in  REF _Ref105484908 \h 
 \* MERGEFORMAT  are bypassed. Generally, spatial multiplexing consists of a spatial precoder; see  REF _Ref105484908 \h 
 \* MERGEFORMAT , which is described by a spatial precoding matrix or in the degenerate single stream case, a beamforming vector. The purpose of the spatial precoder is to match the transmitted signals to the spatial channel using side information, if available. If no side information is available, the precoding matrix equals the identity matrix, i.e. no precoding. Random precoding or random beamforming is another possibility if side information is unavailable. 

7.1.4.2 Spatial diversity
Spatial diversity is introduced by the transmit diversity (TD) encoder blocks in  REF _Ref105484908 \h 
 \* MERGEFORMAT . The TD is implemented by an Alamouti encoder operating in the space-frequency direction to be compatible with other channels. When spatial multiplexing is used for a user, the spatial precoding is transparent.

7.1.4.3 Hybrid diversity-multiplexing 

Spatial diversity with BACH reuse is possible with the hybrid diversity-multiplexing mode. Two streams of TD encoded data is mapped to the same BACH. The hybrid diversity-multiplexing mode can be combined with spatial precoding.

7.2

Physical layer procedure
7.2.1
Scheduling
The scheduling of resources forms the heart of the EUTRAN downlink concept. The following critical steps form the scheduling procedure.
Broadcast information. The NodeB signals to all UEs in a cell its current classification of subbands. Information describing which subbands are used for the allocation of localized BACHs and which subbands are 
used for the allocation of distributed BACHs is transmitted Over the broadcast channel. The portion of the spectral resources allocated to localized/distributed BACHs can be changed from one time to another. Such a change does not occur often, and typically only reflects a change from many active slow users to many active fast mobile users in the cell, or vice versa.
CQI report. The UE estimates the channel quality based on the CQI estimation pilot channel. The UE reports the channel quality indicators 
to the NodeB on an uplink control channel. Each user reports one CQI value reflecting its average SNR for all the distributed BACHs. Along with this mandatory CQI value each UE can transmit a few CQI values reflecting the SNR in its best localized BACHs. These CQI values are each accompanied with the index values for the particular localized BACH it refers to. The frequency of the CQI feedback is variable. The fastest pace at which this feedback can be done is once per timeslot.
Scheduling. Each subframe, the scheduler decides which UE is assigned which physical resources in the shared data channel. Based on the received CQI-values, localized BACH-indexes and other factors like for instance quality-of-service indicators, the scheduler assigns resources in the time-frequency grid. The smallest accessible units are BACHs (localized/distributed). The scheduler assigns resources for one subframe (3 timeslots) at a time. Typically, a user is assigned the same BACHs in each of the 3 timeslots. On the downlink scheduling channel the NodeB signals which BACHs are assigned to each UE. Code blocks are then transmitted on a timeslot basis. Along with the code block, information is transmitted about which coding scheme is employed and which HARQ redundancy version is chosen.
7.2.2
Link adaptation
Link adaptation is performed with respect to both coding and modulation. The NodeB signals the modulation of each BACH over the modulation indicator channel mapped in that BACH and the code block sizeand the HARQ redundancy version along with the data code block. A code block can be mapped over several BACHs each being modulated with potentially different modulations. 
7.2.3
HARQ

The UE employs an uplink control channel to acknowledge the reception of each data block. The NodeB may decide to re-transmit the data block if a NACK is received. Along with the code block, information is transmitted about which coding scheme is employed and which HARQ redundancy version is chosen. 
7.2.4
Cell search
7.2.5
Frequency reuse and power control
To reduce the downlink inter-cell interference, some constraints can be imposed to Node B scheduling. For example, only a part of the downlink spectrum can be scheduled to UEs located near the cell edge while adjacent cells use different downlink spectrum parts for cell edge UEs.
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�Is'nt this the rest? Do we need to signal that`? I think we only need to signal which subbands are used for BACH 1. The UE will anyway calculate the effective SNR for the whole bandwidth..?


�How often and how much? 
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