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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 provided analytical and simulation results on the performance comparison between WCDMA and OFDM for both broadcast and unicast applications [2]. Based on those results, we suggested to use OFDM(A) based multiple access (MA) in the downlink of the Evolved UTRA.  As the second step, during the RAN1#41 meeting, we provided link and system level simulation data on which kinds of multiple access and multiplexing schemes are desirable in OFDM(A) based downlink of the Evolved UTRA [3].  Based on the results, we proposed to support two different kinds of transmission schemes, Time-Frequency Diversity (TFD) and Frequency Scheduled (FS) transmissions  which are appropriate for high-speed and low-speed users, respectively.
In this paper, we provide details on the OFDMA based downlink multiple access, i.e., radio frame configuration, downlink channelization, and multiplexing of physical channels. 
2 Radio Frame Configuration

Considering backward compatibility to WCDMA (UMTS) up to Release 6, it is beneficial to employ the same radio frame length as that of the WCDMA.  Proposed radio frame configuration is as shown in Figure 1.  The radio frame and sub-frame duration are 10 ms and 0.5 ms, respectively. The sub-frame is the minimum TTI for downlink transmission. One frame therefore consists of 20 sub-frames. There are 6 or 7 OFDM symbols in a sub-frame according to different CP duration.
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Figure 1. Radio Frame Configuration

3 Frequency Scheduled (FS) and Time-Frequency Diversity (TFD) Transmission
Both time-frequency diversity (TFD) and frequency scheduled (FS) transmissions should be supported in the downlink of EUTRA since each scheme has its merits and demerits ([2]). TFD is appropriate for common control channel or high-speed users, since channel-dependent scheduling is impossible for these situations. On the other hand, FS transmission is desirable for low-speed users or MIMO applications, since multi-user diversity from channel-dependent scheduling and AMC can maximize spectral efficiency. Of course, we have to carefully evaluate the additional uplink signaling overhead to support the FS transmission compared to the TFD transmission. Multiplexing of both TFD and FS within a TTI provides efficient multiplexing of small packets of UEs with different mobility. An example of downlink transmission scenario is shown in Figure 2. 
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Figure 2. Example of downlink transmission scenario: TFD, FS, and Multiplexing of TFD and FS
4 Downlink Channelization
The OFDMA channelization is defined by allocating a certain amount of time-frequency bins to each physical channel. The design goal is to efficiently define and index the 2-dimensional resources in supporting both TFD and FS transmissions with minimum signaling overhead. In this section, two types of channelization methods are defined: localized resources channel (LRCH) and distributed resources channel (DRCH). 
4.1 Localized Resources Channel (LRCH)

LRCH is a channelizaton method suitable for FS transmission. The LRCH therefore consists of contiguous time-frequency bins. An LRCH 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 OFDM symbol, where M denotes the number of OFDM symbols in a TTI. LRCH (N, k) corresponds to the sum of resources from LRCH (N, k, 0) to LRCH(N, k, M-1)
Figure 3 shows an example of channelization and indexing method with the LRCH when N is 4. 
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Figure 3. Example of Channelization and Indexing with LRCH when N is 4
4.2 Distributed Resources Channel (DRCH)
DRCH is a channelization method suitable for TFD transmission. The DRCH therefore consists of scattered time-frequency bins. A DRCH 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 excluding the sub-carriers used for pilot.
· Each group is indexed by an integer, n (0 ( n < N)

· 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.

· A DRCH (N, k) consists of 2-D resources corresponding to the groups denoted by the sequence of {(s0+k)%N, (s1+k)%N, …, (sM-1+k)%N}

Figure 4 shows an example of channelization with DRCH when N is 8 and S = {0, 7, 12, 3, 9, 14, 2, 5}.
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Figure 4. Example of Channelization and Indexing with DRCH when N = 16 and S = {0, 7, 12, 3, 9, 14, 2, 5}
4.3 Tree Structure of Channelization of LRCH and DRCH
With the channelization of LRCH and DRCH, 2D T-F bins can be expressed as the tree structure of LRCH (N, k) or DRCH (N, k) as shown in Figure 5.  This feature can make it easier to define and index the resources of various physical channels with different amount of resources. 
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Figure 5. Example of Tree Structure of DRCHs
4.4 Multiplexing of DRCH and LRCH within a TTI
With the DRCH and LRCH channelization  for simultaneous support of TFD and FS, a portion of resources could collide if TFD and FS transmissions are multiplexed in a TTI. Figure 6 shows how the resources are defined for each physical channel when physical channels with DRCH and LRCH allocation are multiplexed within a TTI. The resources used by a physical channel with the LRCH allocation are punctured by the physical channel with the DRCH allocation in case of multiplexing of FS and TFD in a TTI.
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Figure 6. An example of Multiplexing of DRCH and LRCH in a TTI
5 Example of Multiplexing of Physical Channels

In this section, we illustrate how the resources for each physical channel can be defined by either LRCH or DRCH in 10 MHz system. The numerology shown in Table 1 is used for convenience’s sake. 
Table 1. An example of PFDM parameters for 10MHz
	System Bandwidth
	10 MHz

	TTI duration
	0.5 ms

	Number of OFDM symbols within a TTI
	7

	FFT size
	1024

	Sub-carrier spacing
	15 kHz

	Number of useful sub-carriers
	601

	Number of pilot sub-carriers
	56

	Number of data sub-carriers
	544

	Number of data symbols within a TTI
	3808


5.1 Common Pilot Channel (CPICH)

Common pilot channel is commonly used among accessing users within a cell for sectored-beam transmission and multi-beam transmission with multiple antennas. Common pilot channel structure such as TDM, FDM, or scattered is under investigation. Figure 6 shows an example of FDM pilot to show how CPICH can be multiplexed with other physical channels.
5.2 Common Control Physical Channel (CCPCH)

Common Control Physical Channel (CCPCH) conveys paging, system parameters, other broadcast information. The TTI length for CCPCH is assumed to be 10 ms. A DRCH (136, k) is assigned for the CCPCH, where k is fixed for all the cells. Note that with a DRCH (136, k) 4 sub-carriers are used in an OFDM symbol among 544 useful data sub-carriers. Another DRCH, e.g., (68, k) with which 8 sub-carriers are used, could be used to increase data rate for CCPCH. Figure 7 shows an example of multiplexing of CPICH and CCPCH. 
· Justification of N = 136
· 320 bits are assumed to be transmitted in a given 10 ms CCPCH
· 4 sub-carriers out of total 544 useful sub-carriers for data symbols are used for CCPCH transmission in an OFDM symbol

· 320 (info) / 0.29 (code rate) / 2 (QPSK) / 138 (# of OFDM symbols in a 10ms TTI excluding preambles) = 4 
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Figure 7. An example of multiplexing of Common Pilot Channel and Common Control Physical Channel
5.3 Physical Downlink Shared Channel (PDSCH)

To support both TFD and FS transmissions, two types of Physical Downlink Shared Channel (PDSCH) are defined: Distributed PDSCH (DPDSCH) and Localized PDSCH (LPDSCH). DPDSCH is used for TFD transmission and LPDSCH is used for FS transmission. Accordingly, a certain amount of DRCH (N, k) and LRCH (N, k) is assigned for the DPDSCH and LPDSCH, respectively. TTI length for PDSCH is assumed to be 0.5 ms. 
5.4 Distributed Physical Downlink Shared Channel (DPDSCH)

One or multiple DRCH (17, k) can be allocated to one UE as the DPDSCH in 10 MHz system. Multiple DPDSCHs are can be multiplexed in a 0.5 ms TTI. Start and end point of k assigned to a DPDSCH is informed the target UE using SCCH. 
· Justification of N = 17
· Minimum payload size of 320 bits is considered as minimum resource allocation unit
· 320 well matches with VoIP packet size, RLC PDU size, and TCP ACK
· 32 modulation symbols are needed in one OFDM symbol
· 320 (info) / 0.71 (code rate) / 2 (QPSK) / 7 (# of OFDM symbols in a TTI) = 32
· 544 (# of useful sub-carriers for data symbols) / 32 (# of modulation symbols needed in an OFDM symbol) = 17
· ( DRCH (17, k) would be appropriate as the minimum resource allocation for the DPDSCH.
5.5 Localized Physical Downlink Shared Channel (LPDSCH)

One or multiple LRCH (8, k) can be allocated to one UE as the LPDSCH in 10 MHz system.
· Justification of N = 8
· From control overhead point of view
· Total number of useful T-F bins in an LRCH (8, k): 476

· 544 (useful sub-carriers in an OFDM symbol) * 7 (# of OFDM symbols in a TTI) / 8 (# of sub-bands) = 476
· Number of T-F bins required for LSCCH: 45
· 45 (info) / 0.5 (code rate) / 2 (QPSK) = 45
· 45 bits of control information: UEID (16 bits), modulation scheme (2 bits), transport block size (8 bits), HARQ process number (3 bits), redundancy version (3 bits), new-data indicator (1 bit), number of DRCH (16,k) (4 bits), encoder tail bits (8 bits)

· Percentage of control channel overhead: 9.5 % (45/476) ( seems reasonable

· When N = 16 or 32, percentage of control signaling overhead: 18.9 %, 37.8 % respectively ( seems too high

· From FS gain point of view

· From the system level simulation results shown in Figure 8, relatively high gain can be observed up to # of sub-bands of 4 in case of 5 MHz system BW ( 8 sub-bands in 10 MHz seem reasonable.
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Figure 8. Frequency Scheduling Gain in case of 5 MHz system BW
5.6 Shared Control Channel (SCCH)

Three kinds of Shared Control Channel (SCCH) are defined: 
· PCICH (PDSCH Configuration Indicator Channel): Carry the information of transmission mode (Time-freq Diversity or Freq-scheduled mode) and/or format of DSCCH

· DSCCH (Distributed Shared Control Channel): A kind of SCCH transmitted over scattered T-F bins. DSCCH conveys control information for DPDSCH

· LSCCH (Localized Shared Control Channel): A kind of SCCH transmitted in a certain sub-band with contiguous sub-carriers. LSCCH conveys control information for LPDSCH
More details will be provided in the future. 
5.7 Downlink HARQ Indicator Channel (DHICH)
Downlink HARQ Indicator Channel (DHICH) carries HARQ ACK/NACK bits for Uplink transmissions. A DRCH(272, k) is used for DHICH in 10 MHz system, where a DRCH(272, k) consists of 16 T-F bins in 0.5 ms TTI and 2 sub-carriers per OFDM symbol. DHICH transmission is as shown in Figure 9. Spreading operation with SF of 16 is adopted to exploit time-frequency diversity. Accordingly, a DHICH can carry 16 ACK/NACK bits. More than one DHICH can be used to support more ACK/NACK bits. A pair of (k, walsh function index n) are mapped to each ACK/NACK transmission. 
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Figure 9. Downlink HARQ Indicator Channel Transmission
5.8 Summary of Physical Channel Multiplexing
Table 2 summarizes the resource allocation for each physical channel in 10 MHz system. As shown in the table, a certain amount of LRCH (N, k) or DRCH (N, k) is assigned to each physical channel. Figure 10 shows an example of multiplexing of physical channels in the downlink. 
Table 2. Channelization of Each Physical Channel in 10MHz
	Physical Channel
	Resources assigned

	CCPCH
	DRCH (136, k)

	PDSCH
	DPDSCH
	DRCH (17, k)

	
	LPDSCH
	LRCH (8, k)

	SCCH
	PCICH
	DRCH (136, k)

	
	DSCCH
	DRCH (68, k) ~ DRCH (34, k)

	
	LSCCH
	45 sub-carriers per LSCCH

	DHICH
	DRCH (272, k)
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Figure 10. Example of Multiplexing of Physical Channels in the Downlink
6 Conclusions
In this contribution, we have discussed the downlink channelization and multiplexing of physical channels for EUTRA. Two types of channelization methods, localized resources channel (LRCH) and distributed resources channel (DRCH) were introduced to support both time-frequency diversity and frequency scheduled transmissions. The LRCH consists of localized time-frequency bins and appropriate for low-speed users while the DRCH consists of scattered time-frequency bins and suitable for high-speed users. Resource allocation or channelization is performed by allocating a certain DRCH (N, k) or LRCH (N, k) to each physical channel. 
We also presented a method of multiplexing of physical channels with DRCH and LRCH allocation within a TTI for the purpose of efficient multiplexing of small packets of UEs with different speeds. The resources of the physical  channel with the LRCH allocation are taken away by the physical channel with the DRCH allocation in case TFD and FS transmissions are multiplexed in the TTI.
We propose to consider the channelization method of this contribution as a baseline for further discussion on downlink channelization.
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