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1 Introduction

The objective of UTRA evolution study item is to develop a framework for the evolution of the 3GPP radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access technology [1].
As the first step to meet the above objective, during the RAN1#40-bis meeting in Beijing, we compared basic two kinds of multiple access (MA) schemes, WCDMA and OFDMA, in terms of system throughput, by both analytic and system level simulation results for both broadcast and unicast applications [2]. Based on those results, we proposed to choose OFDMA as the multiple access scheme in the downlink of the Evolved UTRA.  As a next step, during the RAN1#41 meeting, we provided link and system level simulation data on which multiplexing schemes are desirable in OFDMA-based downlink of the Evolved UTRA [3].  As conclusion of the contribution, we proposed to support two transmission schemes, Time-Frequency Diversity (TFD) and Frequency Scheduled (FS) transmission schemes which are suitable for high-speed and low-speed users, respectively.

In this paper, we provide more details regarding the physical channel structure and procedure for EUTRA downlink.

2 Physical Channel Structure

The downlink transmission scheme is based on conventional OFDM using a cyclic prefix, with a sub-carrier spacing (f = 15 kHz, and a cyclic-prefix (CP) duration TCP (4.7/16.7 (s (short/long CP). 10 ms radio frame is divided into 20 equally sized sub-frames. i.e., a sub-frame duration Tsub-frame = 0.5 ms. Samsung’s current working assumptions on the basic transmission parameters are the same as in TR25.814 [4].

The following sections describe the basic concept of multiple access and multiplexing (section 2.1), channelization of physical resources (section 2.2), multiplexing of physical channels (section 2.3), how channel coding is performed and mapping onto the physical channels is done (section 2.4), common pilot channel structure (section 2.5), and MIMO (section 2.6).

2.1 Basic concept of multiple access and multiplexing

Both time-frequency diversity (TFD) and frequency scheduled (FS) transmissions are supported. The TFD transmission is appropriate for common control channel or high-speed users, since channel-dependent scheduling and link adaptation does not work well. On the other hand, the FS transmission is desirable for low-speed users, since multi-user diversity from channel-dependent scheduling and AMC can maximize spectral efficiency [5]. Multiplexing of both TFD and FS within a TTI provides efficient multiplexing of small packets of multiple users with different mobility. An example of downlink transmission scenario is shown in Figure 1. 
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Figure 1. Example of downlink transmission scenario: TFD, FS, and multiplexing of TFD and FS
2.2 Channelization of physical resources

In order to enable the simultaneous support of the TFD and the FS transmissions, two types of channelization methods are defined: localized resources channel (LRCH) and distributed resources channel (DRCH).
2.2.1 Localized Resources Channel (LRCH)

An LRCH consists of contiguous time-frequency bins and is indexed by LRCH (N, k, m). Time-freq resources included in the LRCH (N, k, m) are defined as follows: 

· Total system BW is divided into N sub-bands. 

· k-th sub-band among N sub-bands is indexed by LRCH (N, k) which consists of useful contiguous sub-carriers in the k-th sub-band over multiple contiguous OFDM symbols within a TTI.

· The notation of LRCH (N, k, m) is used in case of TDM within LRCH (N, k). LRCH (N, k, m) consists of useful contiguous sub-carriers in the k-th sub-band of m-th group of OFDM symbols.
Figure 2 shows an example of channelization and indexing method with the LRCH when N is 4.
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Figure 2. Example of channelization and indexing with LRCH when N is 4

2.2.2 Distributed Resources Channel (DRCH)

A DRCH consists of scattered time-frequency bins and is indexed by DRCH (N, k). Time-freq resources included in the DRCH (N, k) are defined as follows: 

· Total useful sub-carriers in an OFDM symbol are divided into N groups.

· Each group consists of regularly spaced T/N sub-carriers, where T denotes the total number of useful sub-carriers for data symbols.
· Each group is indexed by an integer, n (0 ( n < N). 

· The group with index n within a single OFDM symbol consists of subcarriers whose indexes are {n, (n+N) mod T, (n+2xN) mod T, …, (n+((T/N)-1)xN) mod T}
· A cell-specific sequence S with length M, {s0, s1, …, sM-1} is defined, where M denotes the number of OFDM symbols in a TTI and si  denotes the group index in an OFDM symbol.

· DRCH(N, k) consists of 2-D resources corresponding to the groups denoted by the sequence of {g0(k), g1(k), …, gM-1(k)} where gm(k)=(sm+k) mod N designates the group of the m-th OFDM symbol of DRCH(N,k).
Figure 3 shows an example of channelization with DRCH when T = 32, N = 16 and S = {0, 7, 12, 3, 9, 14, 2, 5}.
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Figure 3. Example of Channelization and Indexing with DRCH when T = 32, N = 16 and S = {0,7,12,3,9,14,2,5}
DRCH can be expressed in a tree structure as shown in Figure 4.  Throughout this characteristics, different amount of resource allocation for different physical channels can be easily indexed by N and k values. 
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Figure 4. Tree structure representation of DRCH
2.2.3 Multiplexing of DRCH and LRCH in a sub-frame

When TFD and FS transmissions are multiplexed in a sub-frame, portion of DRCH and LRCH resources, or subcarriers collides with each other. In this case, the subcarriers with collision in the LRCH resources are punctured as shown in Figure 5.  A semi-static configuration method of DRCH and LRCH could be used, where the portion of the resources allocated to DRCH are signalled to all UEs in a cell and it can change from one time to another. Note that such a change does not occur often.
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Figure 5. An example of Multiplexing of DRCH and LRCH in a TTI
2.3 Multiplexing of physical channels

DRCH (N, k) and/or LRCH (N, k, m) is assigned to each physical channel.  Note that the value of N could be different for each physical channel.  Table 1 shows an example of LRCH or DRCH allocation for each physical channel.  All the physical channels are then multiplexed in a sub-frame as described in the previous section (2.2.3).  An example of multiplexing of physical channels in the downlink is shown in Figure 6.

Table 1. An example of LRCH or DRCH allocation for physical channels
	Physical Channel
	Resources Allocation

	CCPCH
	DRCH (180, k)

	PDSCH
	DPDSCH
	DRCH (30, k)

	
	LPDSCH
	LRCH (16, k)

	TFICH
	DRCH (90, k)

	SCCH
	DRCH (N, k)

	GCH
	DRCH (N, k)

	DHICH
	DRCH (270, k)
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Figure 6. Example of Multiplexing of Physical Channels in the Downlink
2.4 Channel coding and physical channel mapping

A general overview of the channel coding and physical channel mapping is shown in Figure 7. Data stream is segmented in spatial domain. However, gain of the spatial domain segmentation is FFS. CRC is attached for each data stream.  After bit scrambling, the information bits for each stream are encoded.  Then Hybrid ARQ functionality selects the sub-set of the channel-coded bits that is to be transmitted during the TTI.  The selected coded bits to be transmitted are then split into different resources channels, i.e., LRCH or DRCH that have been allocated by the scheduler. The independent modulation scheme for each LRCH or DRCH is FFS. Then, the modulation symbols are scrambled by a cell-specific scrambling code. 
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Figure 7. Channel coding and physical channel mapping
2.5 Common pilot channel

Common pilot channel is commonly used among accessing users within a cell for sectored-beam transmission and multi-beam transmission with multiple antennas.  Among various kinds of pilot structure, staggered or FDM pilot as shown in Figure 8 is being considered since it has been observed that TDM pilot provides much worse performance than staggered one [6] in high Doppler cases.  FDM pilot could be a strong candidate since it is expected to provide more accurate channel quality measurement while providing a good channel estimation performance in high Doppler cases as well.
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Figure 8. Downlink pilot structure being considered
2.6 Downlink HARQ Indicator Channel (DHICH)

Downlink HARQ Indicator Channel (DHICH) carries HARQ ACK/NACK bits for uplink transmissions.  As an example, a DRCH (270, k) can be used for DHICH in 10 MHz system, where a DRCH (288, k) consists of 14 T-F bins in 0.5 ms sub-frame and 2 sub-carriers per OFDM symbol. DHICH transmission is as shown in Figure 9. Unitary transform is used to exploit time-frequency diversity. Accordingly, a DHICH can carry 14 ACK/NACK bits. More than one DHICH can be used to transmit more ACK/NACK bits.
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Figure 9. Downlink HARQ Indicator Channel Transmission
2.7 MIMO

We propose unitary pre-coding based MIMO to support Closed-loop Beamforming, Spatial Domain Multiplexing for both single user MIMO and multi-user MIMO. Details on Samsung’s MIMO schemes are introduced in another contribution [7].

3 Physical Layer Procedure

3.1 CQI report

The UE estimates the channel quality based on the common pilot channel.  The UE reports the channel quality indicator (CQI) to the serving Node B on an uplink control channel.  Two kinds of CQI values are defined, a CQI value averaged over entire bandwidth (entire CQI) and a CQI value averaged over a certain sub-band (sub-band CQI).  The entire CQI is used for AMC for TFD transmission and downlink power control for control channels such as shared control channel (SCCH) and downlink HARQ indicator channel (DHICH). Accordingly, all the UEs should report the entire CQI as mandatory regardless of the mobile speed.  Note that the period of the entire CQI report is negotiated between node B and UE.  In addition to the entire CQI feedback, sub-band CQI report can be enabled for low-speed users to exploit frequency selective scheduling by the negotiation during which number of sub-bands to be reported and its period are determined.  Note that there is a trade-off between downlink performance and uplink overhead from the CQI reports.  During this negotiation, QoS, mobility, network load, UE class, and frequency selectivity can be taken into account.  Examples of CQI report from an UE are shown in Figure 11.
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Figure 10. Examples of CQI report from an UE
3.2 Scheduling

Each sub-frame, Node B scheduler determines priorities for all UEs and determines which UEs are to receive data, how much resources are assigned to each UE considering QoS, buffer occupancy, and UE class, etc.  Then the type of resources channel, DRCH or LRCH is determined based on the CQI values available at the node B, i.e., entire CQI and/or sub-band CQI. Only DRCHs can be assigned to UEs reporting only the entire CQI. On the other hands, both DRCH and LRCH can be assigned to UEs reporting both entire CQI and sub-band CQI.  Even though LRCH allocation corresponding to the sub-bands with CQI feedback is desirable to maximize the throughput, DRCH would be used if the channel condition of the sub-band with CQI feedback is worse than the average SNR over entire BW, or the sub-band with CQI feedback is not available since it has been already assigned to the other UE.

3.3 Link adaptation and power control

With link adaptation, information block size, coding, and modulation scheme are adapted to different channel condition. Both link adaptation and power control are carried out for shard data channels, while only power control is performed for shared control channels such as SCCH, GCH, and DHICH.
3.4 HARQ

We assume both asynchronous and synchronous HARQ with incremental redundancy to be used for downlink data transmission.  Asynchronous HARQ is appropriate for delay-tolerant services since it could provide more scheduling flexibility at the expense of more signalling overhead. On the other hands, synchronous HARQ is desirable for delay-sensitive services with small size packets because we can reduce the signalling overhead.

3.5 Inter-cell interference mitigation

Inter-cell interference is suppressed by processing/coding gain in combination with cell-specific scrambling (randomization) of the coded data streams. As a means to further reduce the downlink inter-cell interference, imposing constraints on the Node B scheduler is being considered.
3.6 Downlink macro diversity

For unicast traffic, basically the fast cell selection is assumed without soft handover with pending the study on its impact on the network/higher layers. Simultaneous transmission of the same information to one UE from multiple cells of the same Node B is FFS in order to improve cell-edge coverage. 

For broadcast/multicast traffic, simultaneous transmission of the same information from multiple cell sites assumed to be supported to get inherent soft combining gain. Note that the achievable gain would be limited by level of synchronization between cell sites.
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