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1. Introduction

This document proposes texts on RAN1 related topics for the RAN TR 36.912. This TP is based on the TR36.814 ver1.1.1. The text will be revised based on the decision in this meeting. For easy comparison with 36.814, change marks from 36.814 are also indicated.

2. Text proposal
--------------------------------------------------------------

5
Support of wider bandwidth

5.1
General

LTE-Advanced extends LTE release 8 with support for Carrier Aggregation, where two or more component carriers are aggregated in order to support wider transmission bandwidths up to 100MHz and for spectrum aggregation. 

It shall be possible to configure all component carriers LTE Release 8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are same. Not all component carriers may necessarily be LTE release 8 compatible. 
A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities:

· An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can simultaneously receive and/or transmit on multiple component carriers.

· An LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications.

Carrier aggregation is supported for both contiguous and non-contiguous component carriers with each component carrier limited to a maximum of 110 Resource Blocks in the frequency domain using the LTE Rel-8 numerology

It is possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same.
5.2
Protocol Architecture
From a UE perspective, there is one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial multiplexing) and one hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only. A UE may be scheduled over multiple component carriers simultaneously.
6
Uplink transmission scheme
6.1
Uplink spatial multiplexing

LTE-Advanced extends LTE Rel-8 with support for uplink spatial multiplexing of up to four layers.
In case of uplink single-user spatial multiplexing, up to two transport blocks can be transmitted from a scheduled UE in a subframe per uplink component carrier. Each transport block has its own MCS level. Depending on the number of transmission layers, the modulation symbols associated with each of the transport blocks are mapped onto one or two layers according to the same principle as for LTE Rel-8 downlink spatial multiplexing. The transmission rank can be adapted dynamically. It is possible to configure the uplink single-user spatial-multiplexing transmission with or without the layer shifting. In case of the layer shifting, shifting in time domain is supported. 
If layer shifting is configured, the HARQ-ACKs for all transport blocks are bundled into a single HARQ-ACK. One-bit ACK is transmitted to the UE if all transport blocks are successfully decoded by the eNodeB. Otherwise, one-bit NACK is transmitted to the UE. 
If layer shifting is not configured, each transport block has its own HARQ-ACK feedback signalling. 

For FDD and TDD, precoding is performed according to a predefined codebook. If layer shifting is not configured, precoding is applied after the layer mapping. If layer shifting is configured, precoding is applied after the layer shifting operation. Application of a single precoding matrix per uplink component carrier is supported. In case of full-rank transmission, only identity precoding matrix is supported. For uplink spatial multiplexing with two transmit antennas, 3-bit precoding codebook as defined in Table 6.1-1 is used. 

Table 6.1-1: 3-bit precoding codebook for uplink spatial multiplexing with two transmit antennas

	Codebook index
	Number of layers 
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For uplink spatial multiplexing with four transmit antennas, 6-bit precoding codebook is used. 
6.2 Uplink multiple access

DFT-precoded OFDM is the transmission scheme used for PUSCH both in absence and presence of spatial multiplexing. In case of multiple component carriers, there is one DFT per component carrier. Both frequency-contiguous and frequency-non-contiguous resource allocation is supported on each component carrier.

Simultaneous transmission of uplink L1/L2 control signalling and data is supported through two mechanisms

· Control signalling is multiplexed with data on PUSCH according to the same principle as in LTE Rel-8

· Control signalling is transmitted on PUCCH simultaneously with data on PUSCH
6.3
Uplink reference signals
LTE Advanced retains the basic uplink reference-signal structure of LTE Rel-8, with two types of uplink reference signals:

· Demodulation reference signal 
· Sounding reference signal
In case of uplink multi-antenna transmission, the precoding applied for the demodulation reference signal is the same as the one applied for the PUSCH. Cyclic shift separation is the primary multiplexing scheme of the demodulation reference signals. 

The baseline for sounding reference signal in LTE-Advanced operation is non-precoded and antenna-specific. For multiplexing of the sounding reference signals, the LTE Rel-8 principles are reused. 
7
Downlink transmission scheme
7.1
Downlink spatial multiplexing
LTE-Advanced extends LTE Rel-8 downlink spatial multiplexing with support for up to eight layers spatial multiplexing
In the downlink 8-by-X single user spatial multiplexing, up to two transport blocks can be transmitted to a scheduled UE in a subframe per downlink component carrier. Each transport block is assigned its own modulation and coding scheme. For HARQ ACK/NAK feedback on uplink, one bit is used for each transport block.
A transport block is associated with a codeword. For up to four layers, the codeword-to-layer mapping is the same as for LTE Rel-8. For more than four layers as well as the case of mapping one codeword to three or four layers, which is for retransmission of one out of two codewords that were initially transmitted with more than four layers, the layer mapping shall be done according to Table 7.1-1. Complex-valued modulation symbols  
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Table 7.1-1: Codeword-to-layer mapping for above four layers and the case of mapping one codeword to three or four layers
	Number of layers
	Number of code words
	Codeword-to-layer mapping
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7.1.1
Feedback in support of downlink spatial multiplexing
The baseline for feedback in support of downlink single-cell single-user spatial multiplexing is codebook-based precoding feedback. 
7.2
Downlink reference signals
LTE-Advanced extends the downlink reference-signal structure of LTE with 
· Reference signals targeting PDSCH demodulation

· Reference signals targeting CSI estimation (for CQI/PMI/RI/etc reporting when needed)

The reference signal structure can be used to support multiple LTE-Advanced features, e.g. CoMP and spatial multiplexing.

The reference signals targeting PDSCH demodulation are:

· UE-specific, i.e, the PDSCH and the demodulation reference signals intended for a specific UE are subject to the same precoding operation. 

· Present only in resource blocks and layers scheduled by the eNodeB for transmission. 

· Mutually orthogonal between layers at the eNodeB.

The design principle for the reference signals targeting PDSCH modulation is an extension to multiple layers of the concept of Rel-8 UE-specific reference signals used for beamforming. Complementary use of Rel-8 cell-specific reference signals by the UE is not precluded.

Reference signals targeting CSI estimation are 

· cell specific

· sparse in frequency and time.
7.3
Downlink transmit diversity
For the downlink transmit diversity with more than four transmit antennas applied to PDCCH, and PDSCH in non-MBSFN subframes, the Rel-8 transmit diversity scheme is used. 
8
Coordinated multiple point transmission and reception
Coordinated multi-point (CoMP) transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput.

8.1
Downlink coordinated multi-point transmission

8.2 Uplink coordinated multi-point reception

9
Relaying functionality
Editor's note: will be updated according to the RAN2/3 agreement
9.1
General

LTE-Advanced extends LTE Rel-8 with support for relaying as a tool to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas. 

The relay node is wirelessly connected to radio-access network via a donor cell. The connection can be

· inband, in which case the network-to-relay link share the same band with direct network-to-UE links within the donor cell. 
· outband, in which case the network-to-relay link does not operate in the same band as  direct network-to-UE links within the donor cell

At least “Type 1” relay nodes are supported by LTE-Advanced. A “type 1” relay node is an inband relaying node characterized by the following:

· It control cells, each of which appears to a UE as a separate cell distinct from the donor cell
· The cells shall have their own Physical Cell ID (defined in LTE Rel-8) and transmit their own synchronization channels, reference symbols, …
· In the context of single-cell operation, the UE receives scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node
· It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 
9.2
Relay-eNodeB link

9.2.1
Resource partitioning for relay-eNodeB link

In order to allow inband backhauling of the relay traffic on the relay-eNodeB link, some resources in the time-frequency space are set aside for this link and cannot be used for the access link on the respective node. At least the following scheme are supported for this resource partitioning:

Resource partitioning at the relay:

· eNB → RN and RN → UE links are time division multiplexed in a single frequency band (only one is active at any time)

· RN → eNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)

Multiplexing of backhaul links in FDD:
· eNB → RN transmissions are done in the DL frequency band

· RN → eNB transmissions are done in the UL frequency band

Multiplexing of backhaul links in TDD:
· eNB → RN transmissions are done in the DL subframes of the eNB and RN 

· RN → eNB transmissions are done in the UL subframes of the eNB and RN

9.2.2
Backward compatible backhaul partitioning 
For inband relaying, the eNodeB-to-relay link operates in the same frequency spectrum as the relay-to-UE link. Due to the relay transmitter causing interference to its own receiver, simultaneous eNodeB-to-relay and relay-to-UE transmissions on the same frequency resource may not be feasible unless sufficient isolation of the outgoing and incoming signals is provided. Similarly, at the relay it may not be possible to receive UE transmissions simultaneously with the relay transmitting to the eNodeB. 

One way to handle the interference problem is to operate the relay such that the relay is not transmitting to terminals when it is supposed to receive data from the donor eNodeB, i.e. to create “gaps” in the relay-to-UE transmission. These “gaps” during which terminals (including Rel-8 terminals) are not supposed to expect any relay transmission can be created by configuring MBSFN subframes as exemplified in Figure 9.1. Relay-to-eNodeB transmissions can be facilitated by not allowing any terminal-to-relay transmissions in some subframes.
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Figure 9.1: Example of relay-to-UE communication using normal subframes (left) and eNodeB-to-relay communication using MBSFN subframes (right).
9.2.3

Backhaul resource assignment

In case of downlink backhaul in downlink resources, the following is valid

· At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching 

· The time-domain resources (set of subframes) that may be used for the downlink backhaul link are semi-statically assigned. 
· A new physical control channel (the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (the “R-PDSCH”).
· The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH”). 
· The “R-PDCCH”
· is transmitted on a subset of the PRBs of the subframes assigned for the downlink backhaul link. 
· is transmitted on a subset of the OFDM symbols of the subframes assigned for the downlink backhaul link. This subset of OFDM symbols may include the full set of OFDM symbols available for the backhaul link
· is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
· is used to assign downlink resources in the same subframe and/or in one or more later subframes.
· is used to assign uplink resources in one or more later subframes
· “R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.
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