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1. Introduction

This paper presents more details regarding the E-UTRA downlink radio interface focusing on physical-layer-related aspects of interest to RAN1. The paper should be seen as an extension/complement to the joint contribution [1] describing the basic principles for the E-UTRA radio interface. 

2. The physical resource

In line with [1], the basic downlink transmission scheme is conventional OFDM with cyclic prefix and with the following basic parameters, see also Figure 1,

· Sub-carrier spacing (f: 15 kHz
· Number of sub-carriers Nc: Depends on the size of spectrum allocation

· Cyclic prefix TCP: (4.7 (s (36/37 samples assuming a sampling rate fs = 7.68 MHz
)

· Extended cyclic prefix TECP : (16.7 (s (128 samples for fs = 7.68 MHz). 

We believe that this set of parameters provides a good trade-off taking into account the wide range of scenarios and environments envisioned for evolved UTRA.

· The carrier spacing is sufficiently large to support very high mobility with good performance. It is also sufficiently large to allow for very high-rate transmission, including the use of higher-order modulation (up to 64QAM) and multi-stream transmission (up to 4(4 MIMO), without imposing too high requirements on user-equipment and base-station with respect to e.g. oscillator phase noise.

· The normal (“short”) cyclic prefix is sufficiently large to efficiently handle the delay spread experienced in most environments of interest and implies a reasonable cyclic-prefix overhead ((6.6%). By utilizing the extended cyclic prefix, which is anyway required for multi-cell broadcast/multicast, scenarios with extreme delay spread can also be supported by evolved UTRA.

· As already mentioned, we believe that an additional extended cyclic prefix is needed in order for E-UTRA to support very efficient multi-cell broadcast/multicast in a wide range of environments. The corresponding flexibility, i.e. the support for two cyclic-prefix durations, is thus well justified.

As shown in Figure 1, we further define a basic physical resource block (sometimes also referred to as a “chunk”) consisting of 20 sub-carriers
 during 7 OFDM symbols (6 symbols in case of extended CP). The length of the resources block (0.5 ms) is also referred to as the sub-frame duration. The resource block serves as the basic unit for downlink link adaptation and scheduling. Thus the minimum downlink TTI equals the 0.5 ms sub-frame duration.

Note that, in case of (MIMO-based) multi-stream transmission, the resource blocks are assumed to be 3-dimensional (time(frequency(stream). The alternative would be to assume that each stream corresponds to a separate (2-dimensional) resource block, allowing for multiple users to be scheduled simultaneously on the same time/frequency resource but different layers.
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Figure 1 Downlink basic parameters

3. Layer 1 processing of Layer 2 PDUs

The Layer 1 (physical-layer) processing of Layer 2 PDUs (“transport blocks”) should consist of the following steps for each L2 PDU, see also Figure 2:

· Stream segmentation
This block is only needed in case of multi-stream MIMO transmission relying on per-stream channel coding/decoding and error detection. In case of single-stream transmission and multi-stream transmission with joint channel coding/decoding and error detection, segmentation should not carried out. Thus, whether this step is needed or not depends on future decisions what exact related to E-UTRA multi-stream transmission.

· CRC attachment (24 bits)
The CRC is used for error detection of the decoded data at the receiver side. 

· Channel coding 
The current assumption is that channel coding is based on release 6 Turbo coding. However, as mentioned in [1], possible extensions to at least lower rates and possibly also larger code blocks should be considered. 

· Layer 1 Hybrid ARQ functionality
The Hybrid ARQ processing selects the sub-set of the channel-coded bits that is to be transmitted during the TTI. The number of channel-coded bits to be transmitted depends on the number of layers, the number of allocated resource blocks and the modulation scheme selected for each resource block (see below). For a retransmission a different set of coded bits may be selected by the Hybrid ARQ processing, i.e. in the general case Incremental Redundancy (IR) is used. To simplify the implementation of the Hybrid ARQ functionality and to allow for orthogonal (non-overlapping) redundancy versions, alternatives to the release 6 (HSDPA) HARQ approach should be considered, e.g., the use of a circular buffer as illustrated to the right in Figure 2.

· Resource-block splitting
The coded bits to be transmitted are split into different sets corresponding to the different resource blocks that have been allocated by the scheduler. Note that the number of coded bits per resource block may differ due to possible selection of different modulation schemes for the different resource blocks. 

· Scrambling
The coded bits are scrambled by a cell-specific scrambling code. This is done in order to achieve randomization between cells and thus suppress inter-cell interference, see also Section 5. Note that in some cases, e.g. in case of multi-cell broadcast/multicast, a common (non-cell-specific) scrambling code may be used, see also Section 6. 
· Modulation 
The modulation scheme is separately selected for each resource block by the scheduler. Thus different modulation schemes may be used for the different, by the scheduler, selected resource blocks, i.e. adaptive modulation in the frequency domain. As described in [1], supported modulation schemes should include QPSK, 16QAM, and 64QAM. Additional repetition may also be carried out in this step (in case of QPSK) in order to achieve higher processing gain.

· The modulated symbols are finally mapped to the resource bocks allocated/selected by the scheduler. The total set of resource blocks used for transport-channel transmission is referred to as the Shared Data Channel (SDCH).
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Figure 2 Processing steps, mapping of Layer 2 PDUs to SDCH chunks

Note that all Layer 3 information including dedicated user traffic, broadcast/multicast traffic, dedicated control signaling, and common control signaling (broadcast control information, paging information, etc.) is processed/transmitted in essentially the same way, i.e. as described above and mapped to resource blocks. However, the characteristics of different Layer 3 information may e.g. imply certain restrictions on the scheduler.

· The UE must be able to acquire at least some basic broadcast control information at initial access This basic broadcast control information must thus be transmitted with a pre-defined format, including a pre-determined modulation scheme and with mapping to a pre-determined set of resource blocks. This is similar to the release 6 BCH.

· The set of resource blocks used for multi-cell broadcast/multi-cast must be determined on a multi-cell basis, i.e. in practice coordinated by a higher-level node, if soft combining of transmissions from different cells is to take place, see further Section 6.

· etc.

As mentioned above, the minimum downlink TTI of evolved UTRA equals the 0.5 ms sub-frame duration. However, in some cases it could be beneficial to allow for channel-coding and interleaving of a single Layer 2 PDU over a longer time span, corresponding to a TTI (possibly substantially) larger than 0.5 ms. Thus, the possibility for multiple downlink TTI lengths including should be considered.
4. Processing of Layer 2 out-band signaling

Layer 2 out-band signaling, referred to as the Shared Control Channel (SCCH), e.g. allows for each UE to properly decode the SDCH information. Thus the SCCH corresponds to the HS-SCCH of release 6 HSDPA. Our current assumption is that the SCCH information is channel coded and interleaved (details TBD), modulated (QPSK), and mapped to (punctured into) a limited set of well spread out sub-carriers. In this way, good frequency diversity is achieved. By transmitting the SCCH information in the frequency domain (mapped to certain sub-carriers), one can adjust the transmit power used for the SCCH, without  a negative impact on the base-station peak-power requirements.
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Figure 3 SCCH mapping to physical resource – Puncturing into the SDCH resource blocks
5. Scheduling and link adaptation

Scheduling and link adaptation is, as mentioned above, carried out on a resource-block basis, i.e. in both the time and frequency domain. Based on, among other things, CQI reports received from the UE, the scheduler decides the following

· What resource block to use for SDCH transmission to a specific UE

· The modulation scheme (including repetition factor) to use for each resource block

· The number of streams in case of multi-stream transmission

· The number of information bits to transmit. In combination with the number of allocated resource blocks, the modulation scheme for each resource block, and the number of streams, this gives the overall channel-coding rate. 
6. Reference signals

Known reference symbols (“pilot symbols”) within the transmitted downlink signal are used by the UE for

· Channel (phase and amplitude) estimation to enable coherent demodulation of SCCH and SDCH information.

· Channel-quality estimation to enable channel-dependent scheduling and link adaptation for the SDCH 

There are two types of reference signals, Common Reference Symbols and Dedicated Reference Symbols. 

The common reference symbols are transmitted at regular intervals in the time and frequency domain.  Common reference signals are used for channel-quality estimation. The common reference symbols are not necessarily transmitted using the same antenna pattern as the SDCH information (this is the case if the SDCH information is transmitted using non-fixed beams). Thus the UE cannot necessarily rely on the common reference symbols for channel estimation for coherent demodulation of SDCH. 

Dedicated reference symbols for a certain UE are transmitted in those resource blocks that are used for SDCH transmission to that UE. The UE can always assume that the dedicated reference symbols are transmitted using the same antenna patterns as the corresponding SDCH. Thus, the dedicated reference symbols can be used for channel estimation also in then case when the SDCH information is transmitted using non-fixed beams. 

In case of multiple TX antennas (downlink TX diversity, MIMO, etc.) different orthogonal reference-symbol patterns are transmitted from each antenna. 

The reference symbols are mapped/punctured into the time/frequency grid at known positions. The density of reference symbols may vary to match different channel conditions

· High/low channel time-selectivity (high/low Doppler) ( High/low reference-symbol density in the time domain
· High/low frequency selectivity (large/small delay spread) (High/low reference-symbol density in the frequency domain 

7. Inter-cell interference mitigation

E-UTRA can operate with frequency-reuse equal to one, i.e. the same resource blocks are available to the scheduler in every cell. Inter-cell interference is then suppressed by processing gain, i.e. sufficient channel coding in combination with cell-specific scrambling of the transmitted signal, see also Section 3.

However, to improve the cell-edge coverage, the scheduler may be imposed restrictions on the allowed transmit power for a specific resource block. In a typical scenario, the scheduler may use full transmit power in a sub-set of the resource block while the remaining resource blocks may only be scheduled with reduced transmit power. Assuming inter-cell co-ordination of these restrictions, improved cell-edge SIR and thus improved cell-edge coverage can be achieved.

8. Downlink macro diversity

We assume fast cell selection to be used for downlink dedicated data transmission, i.e. soft handover (simultaneous transmission of the same information to one UE from multiple cells) is not assumed. Fast cell selection between cells of the same Node B should, at least in principle, be possible every 0.5 ms (one sub-frame duration). Fast cell selection between cells of different Node Bs may be somewhat slower, depending on architectural constraints.

For multi-cell broadcast/multicast it is assumed that the UE can soft-combine multiple radio links from different cells, given sufficient time alignment between the cells (tight inter-cell synchronization). When UEs are assumed to “soft-combine” multiple radio links the corresponding resource blocks should be scrambled with the same scrambling code (“content”-specific scrambling) rather than cell-specific scrambling. Note that, in contrast to the MBMS soft combining of release 6, in this case the UE does not carry out any explicit soft combining. Rather there is an “RF combining” “in the air”. Thus the UE does not need to be aware of the number of cells in the MBMS “active set”. 

Note that, at least between cells of the same Node B, i.e. cells with a common scheduler, the same approach as for broadcast/multi-cast (transmission from multiple cells with same scrambling and soft combining at the UE) could also be applied for dedicated data transmissions in order to improve cell-edge coverage, possibly at the expense of overall system throughput. However, similar to the broadcast case, this is something that, at least in principle, does not need to be known to UE. The UE may simply interpret the multi-cell transmission as a single-cell transmission using a different antenna pattern, similar to beam forming.
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� This assumes a transmission bandwidth of approximately 5 MHz. For wider bandwidth, a larger sampling rate is obviously needed, implying more samples for the cyclic prefix.


� More narrowband resource blocks (fewer sub carriers may be considered for smaller transmission bandwidths
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