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1 Introduction

According to the current RAN1 TR related to the Study Item Evolved UTRA [1], EUTRA downlink is to support transmission on non-consecutive (scattered) sub-carriers, in addition to block-wise transmission consisting of a number of consecutive sub-carriers for a number of consecutive OFDM symbols. (In this paper, they are referred to as time-frequency diversity (TFD) transmission, and frequency scheduled (FS) transmission, respectively). It was proposed that multiplexing of TFD and FS transmissions in a TTI should be supported to efficiently multiplex short packets [2] and there were several contributions concerning this aspect ([3] – [6]).
In [2], we discussed and compared various schemes possible to multiplex TFD and FS transmission. Link level simulation results for different TFD transmission schemes were provided in [2] and [7] with ideal and actual channel estimation, respectively. Based on those discussions and simulation results, it is desirable to have such a multiplexing scheme that the most frequency and time diversity can be captured for TFD transmission while characteristics of transmission on localized sub-carriers are maintained for FS transmission. 

In this paper, keeping the above mentioned principles in mind, we present channelization methods for the TFD and FS distributed transmission, resource allocation method to each physical channel, and multiplexing of FS and TFD transmission.
2 Downlink multiplexing overview
Both time-frequency diversity (TFD) and frequency scheduled (FS) transmissions are supported. The TFD transmission is appropriate for high-speed users, since channel-dependent scheduling and link adaptation doesn’t work well. On the other hand, the FS transmission is desirable for low-speed users to get multi-user diversity from channel-dependent scheduling. 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
3 Channelization of physical resources

In order to efficiently support both the TFD and FS transmission, two types of channelization methods are defined: localized resources channel (LRCH) and distributed resources channel (DRCH).
3.1 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

3.2 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 characteristic, 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
3.3 Resource allocation to physical channels
Resource allocation to each physical channel is realized by assigning DRCH (N, k) and/or LRCH (N, k, m) to each physical channel, where the value of N and k could be different for each physical channel. All the physical channels are then multiplexed in a way described in the next section.
4 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 (sub-carriers) collide with each other. In this case, the sub-carriers 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 is signalled to all UEs in the cell and it can be modified 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
5 Conclusion

In this paper, we presented two kinds of channelization methods, LRCH and DRCH facilitating multi-user diversity and time-frequency diversity, respectively. With the proposed channelization methods, we can easily define the resources for each physical channel. Multiplexing method of LRCH and DRCH was also discussed so that multiple packets with different type of resources channel are multiplexed within a TTI.

With the proposed multiplexing scheme, the most frequency and time diversity can be captured for TFD transmission while characteristics of transmission on localized sub-carriers are maintained for FS transmission.

We propose to agree on the text proposal below.

6 Text Proposal (Section 7.1.1.2.1 in TR 25.814) 
-------------------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
7.1.1.2.1 Downlink data multiplexing
Both TDM and FDM are employed to map channel-coded, interleaved, and data-modulated information [Layer 3 information] onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of resource blocks consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account.

The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

In addition to block-wise transmission, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity.
The diversity transmission on scattered sub-carriers can be multiplexed with the block-wise transmission within a sub-frame.
Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
---------------------------------------------------------------- End of Text Proposal --------------------------------------------------------
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