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1. Introduction
In order to be able to progress the E-UTRA Work Item activities within other RAN working groups relatively independently of the detailed RAN1 work on the LTE physical layer, a well-defined model of the physical-layer is needed. This paper discusses such a physical-layer model based on current assumptions regarding the E-UTRA physical layer. 

2. Purpose/scope of physical-layer model

The physical-layer model should capture those characteristics of the physical-layer that are relevant for higher layers. At the same time, it should hide the physical-layer details that are not relevant for higher layers. More specifically, the physical-layer model should capture:

· The structure of higher-layer data being passed down to or up from the physical layer 

· The means by which higher layers can configure the physical layers

· The different indications (error indications, channel-quality indications, etc.) that are provided by the physical layer to higher layers.

· Other (non-transport-channel-based) higher-layer peer-to-peer signaling supported by the physical layer

3. Physical-layer model of E-UTRA transport channels

The main part of the discussion will focus on the physical-layer model for the Downlink Shared Channel (DL-SCH). For other E-UTRA transport channels, the discussion will focus on the specific characteristics that distinguish the physical-layer model of these transport channels from that of DL-SCH.  
3.1. Physical-layer model: Downlink-Shared Channel 

The DL-SCH physical-layer model will be discussed based on the corresponding DL-SCH physical-layer-processing chain, see Figure 1. It is important to understand that not all parts of the physical-layer-processing chain need to be captured in the physical-layer model. In Figure 1, the processing steps that are relevant for the physical-layer model, e.g. in the sense that they are configurable by higher layers, are high-lighted
3.1.1 Higher-layer data passed to/from the physical layer

The higher-layer data to be conveyed over the radio interface is delivered to the physical layer in form of Transport Blocks. RAN1 has concluded that Multiple Code Words (MCW) is supported in case of multi-stream transmission. Each code word then corresponds to one transport block. Thus, in the general case, multiple DL-SCH transport blocks are delivered to the physical layer once every TTI, where each transport block corresponds to different streams. Similar to HS-DSCH, DL-SCH transport blocks have a dynamic size that, in then general case, may also be different for different, simultaneously delivered, transport blocks.

3.1.2 Physical-layer processing Step 1: CRC and transport-block-error indication
As a first step in the physical-layer processing, a CRC is calculated and appended to each transport block. The CRC is used for detecting and indicating transport-block decoding errors at the receiver side. Assuming a non-configurable CRC size, it is this error indication and not the CRC itself that is relevant for higher layers and thus what should be captured in the physical-layer model. 

3.1.3 Physical-layer processing Step 2: FEC and rate matching

In the second step of the physical-layer processing, redundancy by means of channel coding is provided for each transport block. Note that rate matching, implemented by means of (perhaps partial) repetition or puncturing, can be seen as part of the channel coding.

The channel coding rate (including rate matching) is not explicitly provided by higher layers but implicitly given by the combination of transport-block size, modulation scheme (see Section ‎3.1.5), and resource assignment (see Section ‎3.1.6). However, the E-UTRA physical layer supports Hybrid ARQ by means of Incremental Redundancy (IR). In case of IR, the corresponding Layer 2 Hybrid-ARQ process controls what redundancy version to be used for the physical-layer transmission for each TTI. 

Also note that, although the Hybrid-ARQ soft combining is carried out within the physical-layer at the receiver side, it is being controlled by the Layer 2 Hybrid ARQ process.

3.1.4 Physical-layer processing Step 3: Interleaving

In the third step of the physical-layer processing, interleaving is applied to the channel-coded transport block(s). As the details of the interleaving are not controlled by higher layers it does not need to be reflected in the physical-layer model.
3.1.5 Physical-layer processing Step 4: Data modulation

The fourth step of the physical-layer processing consists of generating a block of data-modulation symbols from each channel-coded transport block. Different modulation schemes (QPSK, 16QAM, and 64QAM) can be used as decided by the MAC scheduler.

3.1.6 Physical-layer processing Step 5: Mapping to resource blocks
In the fifth step of the physical-layer processing, the block of modulation symbols is mapped to the assigned resource blocks of each stream. For a given transmission-time instant, the resource assignment is the same for all streams of one DL-SCH. This resource assignment is controlled by the Layer 2.

3.1.7 Physical-layer processing Step 6: Multi-antenna processing
The multi-antenna processing covers the mapping from assigned resource blocks (for each stream) to the available number of antenna ports. Many of the details of the multi-antenna processing remain to be agreed on in RAN1. However, it can be assumed that this mapping will, at least partly, be configurable by the MAC scheduler. 

3.1.8 Support for Hybrid-ARQ-related signaling

The model of Figure 1 also captures how the Hybrid-ARQ-related information associated with the DL-SCH transmission, (e.g. HARQ process id, redundancy version, new data indicator, etc.) is transported, via the physical layer, to the peer-HARQ-process at the receiver side. It also captures how the corresponding Hybrid-ARQ acknowledgements are transported to the DL-SCH transmitter side via the physical layer. The details of how the physical layer processes the Hybrid-ARQ related information (coding, modulation, multiplexing with other signaling, etc.) is not visible to higher layers.

Also note that the signaling of transport-format and resource-allocation information (“TFRI” in HSDPA terminology) is not captured in the physical-layer model. At the transmitter side, this information can be directly derived from the configuration of the physical layer. The physical layer then transports this information over the radio interface to its peer physical layer, presumably multiplexed in one way or another with the HARQ-related information. On the receiver side, this information is, in contrast to the HARQ-related information, used directly within the physical layer for DL-SCH demodulation, decoding etc., without passing through higher layers. 
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Figure 1 DL-SCH physical-layer model

3.2. Physical-layer model: Broadcast Channel

The BCH physical-layer model, see Figure 2, is an extreme sub-set of the DL-SCH model constrained to

· single-stream transmission, implying a single (fixed-size) transport block per TTI

· fixed transport format (QPSK modulation only) and resource allocation

· no Hybrid ARQ
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Figure 2 BCH physical-layer model

3.3. Physical-layer model: Paging Channel 

The PCH physical-layer model, see Figure 3, is a sub-set of the DL-SCH model constrained to

· single-stream transmission, implying a single transport block per TTI 

· no Hybrid ARQ

However, in contrast to BCH, it is assumed that the PCH may support dynamic transport format and resource allocation.


[image: image3.emf] 

CRC 

RB demapping 

Decoding + RM

Data demodulation 

Deinterleaving 

Receiver 

CRC 

RB mapping 

Coding + RM

Data modulation

Mux

K

1

K

N

Interleaving 

Mux

Single Transport Block

(dynamic size S)

Node B

UE

MAC Scheduler

Error

indication

Resource

assignment

Modulation

scheme

Antenna

mapping

CRC 

RB demapping 

Decoding + RM

Data demodulation 

Deinterleaving 

Receiver 

CRC 

RB mapping 

Coding + RM

Data modulation

Mux

K

1

K

N

Interleaving 

Mux

Single Transport Block

(dynamic size S)

Node B

UE

MAC Scheduler

Error

indication

Resource

assignment

Modulation

scheme

Antenna

mapping


Figure 3 PCH physical-layer model
3.4. Physical-layer model: Multicast Channel 

The MCH physical-layer model, see Figure 4, is similar to that of DL-SCH except for the lack of Hybrid ARQ. A key property of MCH is the support for multi-cell reception at the UE (a.k.a. “SFN” transmission). This implies that only semi-static configuration of the MCH transport format and resource assignment is possible. 

Note that this model allows for MCH multi-stream transmission.
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Figure 4 MCH physical-layer model
3.5. Physical-layer model: Uplink Shared Channel 

The UL-SCH physical-layer processing basically consists of the same steps as the DL-SCH physical-layer processing (Section ‎3.1.2 to ‎3.1.6). Thus, the UL-SCH physical-layer model, see Figure 5, is similar to that of DL-SCH, with the obvious difference of additional restrictions in the resource allocation due to the use of uplink SC-FDMA transmission. It should also be noted that, in case UL-SCH, the actual scheduling decision is made at the network side. The uplink transmission control in the UE then configures the uplink physical-layer processing, based on uplink transport-format and resource-assignment information received on the downlink. 

Similar to the DL-SCH, the physical model for UL-SCH also captures the corresponding Hybrid-ARQ-related signaling, i.e. downlink ACK/NACK signaling and possible Hybrid-ARQ-related uplink signaling associated with UL-SCH transmission.
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Figure 5 UL-SCH physical-layer model
3.6. Physical-layer model: Random-access Channel 

TBD

4. Physical-layer indications

In addition to decoded transport blocks, the physical layer will also provide higher layers with different indicators. The indicators delivered to higher layers may originate in the corresponding physical layer on in the physical layer of the peer entity (transported over the air by means of L1 signaling). 

Error indicators
The error indicators (see Figure 1-5) are one type of indicators. An error indicator indicates whether or not the physical layer has correctly decoded a received transport block

Channel-quality indicators 

Channel-quality indicators (CQI) indicate the downlink and uplink channel quality. The channel-quality indicators are delivered by the Node B physical layer to the Node B MAC layer. Exactly how the channel-quality indicators are generated within the physical layer is a physical-layer-internal issue and may e.g. depend on the duplex scheme (FDD or TDD). 
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