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1 Introduction

Resource allocation and multiplexing scheme is important in EUTRA since it has a great impact on the system performance. This document focuses on the channelization, resource allocation, and multiplexing in OFDMA-based EUTRA downlink. 
A number of contributions relating to resource allocation and multiplexing in EUTRA downlink have been presented [1] – [12], and two types of transmission (resource allocation) schemes, block-wise and scattered transmission, and multiplexing of them have been studied and discussed. The issues raised so far can be summarized as follows:

· How to design the block-wise transmission, i.e., what are the number of consecutive sub-carriers and the number of consecutive OFDM symbols in one resource block.

· How to design the scattered (diversity) transmission, i.e., block-wise diversity transmission vs. sub-carrier based diversity transmission (with/without hopping)

· How to multiplex the block-wise and scattered transmissions.

· How to minimize control signaling overhead.

In this contribution, we summarize and discuss those issues and put together relevant simulation results presented by Samsung so far.

The contribution is organized as follows: The gain of block-wise transmission is discussed in terms of multi-user diversity gain and related performance results are presented in Section 2. In Section 3, the need for diversity transmission is discussed and the performances of various kinds of diversity transmission schemes are compared, followed by system level performance comparison between the block-wise and diversity transmission in Section 4. Multiplexing of the block-wise and scattered transmissions is discussed in Section 5. Conclusions are drawn in Section 6. Finally, text proposal on downlink channelization is provided in Section 7.
2 Block-wise (Localized) transmission
One of the main goals of EUTRA is to increase spectral efficiency, i.e., bps/Hz. Channel dependent time and frequency scheduling with link adaptation would take an important role to meet this goal, with which e.g., data is transmitted to the user with the highest SINR in each frequency and time resources unit and the most preferable modulation and coding scheme (MCS) is selected for the data transmission. By utilizing the multi-user diversity in this way, the spectral efficiency can be maximized. In order to support the channel dependent scheduling and link adaptation, channel quality indicator (CQI) feedback needs to be transmitted by every active UE. 

For block-wise transmission consisting of M consecutive sub-carriers for N consecutive OFDM symbols as shown in Figure 1, the value of M and N should be determined taking various aspects together into account, e.g., throughput gain of the channel dependent scheduling, CQI feedback overhead, DL control signaling overhead, minimum payload size, and so on. It should be noted that in this block-wise transmission, consecutive or non-consecutive multiple blocks can be assigned to a UE to increase the data rate of one UE as shown in Figure 1.

Simulation results for the block-wise transmission are shown in Figures 2 and 3. Details on the simulation assumptions are described in [12]. As expected, it is observed that system throughput increases as the number of resource blocks increases in a given system bandwidth and the number of users in the system increases. Considering increased CQI feedback overhead to support more resource blocks, the resource block bandwidth of about 600 kHz would be a good choice.
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Figure 1. An example of block-wise transmissions
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(a) System throughput of block-wise transmission





(b) Throughput gain of increasing # of resource blocks
Figure 2. System throughput of block-wise transmission with TU model
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(a) System throughput of block-wise transmission





(b) Throughput gain of increasing # of resource blocks
Figure 3. System throughput of block-wise transmission with a mixed TU and Ped A (50:50) models

3 Diversity (Scattered) transmission

Do the channel dependent scheduling and link adaptation work well in all the mobile environments, especially for high speed users? The answer is NO because the channel response changes too fast to perform an appropriate channel dependent scheduling and link adaptation. Simulation results shown in Figure 4 confirm this answer, where mobile speed considered is 120 km/h. From Figure 4 (a), it is observed that throughput performance slightly decreases as the number of users increases, which means multi-user diversity gain cannot be achieved. This is because the scheduler cannot select the user with the highest SINR due to the fast channel variation. Very high initial BLER observed in Figure 4 (b) proves that link adaptation doesn’t work well for high speed users.
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Figure 4. Performance of channel dependent scheduling and link adaptation in 120 km/h case

Since the channel dependent scheduling and link adaptation don’t work well for the high speed users, it is desirable to have a transmission scheme capturing time and frequency diversity for a single packet transmission as much as possible. This transmission scheme is referred to as “diversity transmission” throughout this paper.

Then, the question is “Would the block-wise transmission described in the previous section be still the best choice for the diversity transmission? If no, what kind of transmission scheme is most desirable?” To get the answer, link level simulations results were provided in [7], comparing the performance of ‘block-wise diversity transmission’ where multiple blocks are transmitted to one UE vs. ‘sub-carrier based diversity transmission’ (with/without hopping). The results are put in ANNEX A for your convenience. It was observed from the simulation results that the ‘sub-carrier based diversity transmission’ provides much better performance than the ‘block-wise diversity transmission’. It should be noted that both of them require same amount of control signaling overhead to indicate the resources used for the transmission, since an index for the scattered pattern would be used for the ‘sub-carrier based diversity transmission while an index for the resource block for the ‘block-wise diversity transmission’  (refer to [11]). 

4 System level performance comparison between block-wise and diversity transmission

System level simulation results on the performance comparison between the block-wise and diversity (scattered) transmission were provided in [5]. The results are put in ANNEX B for your convenience. Simulation results confirmed that the block-wise transmission provides significant throughput gain over the scattered transmission for low speed users while the diversity (scattered) transmission provides higher throughput and low packet delay for high speed users.
5 Multiplexing of Block-wise and Diversity transmission

In order to utilize the advantages of the block-wise and diversity transmission in a EUTRA cell where low and high speed users may exist together, the multiplexing of them in a sub-frame should be supported. The proposed multiplexing scheme is as follows.
When the diversity and block-wise transmissions are multiplexed in a sub-frame, portion of scattered and block-wise resources collide with each other. In this case, the sub-carriers with collision in the block-wise resources are punctured as shown in Figure 5. 
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Figure 5. Multiplexing of the diversity and block-wise transmissions in a sub-frame
6 Conclusion

In this contribution, we summarized and discussed the issues related to channelization, resource allocation, and multiplexing. In addition, we put together relevant simulation results presented by Samsung so far.

Based on the discussions and simulation results, we propose to agree on the text proposals contained in section 7, [13], and [14].
7 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.

Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
7.1.1.2.1.1 Downlink channelization
In order to support block-wise and scattered transmission, two types of channelization methods are defined: localized resources channel (LRCH) and distributed resources channel (DRCH).
7.1.1.2.1.1.1 Localized Resources Channel (LRCH)
An LRCH consists of contiguous time-frequency bins and is indexed by LRCH (N, k). Time-freq resources included in the LRCH (N, k) 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.

Figure xxx shows an illustration of the LRCH channelization.
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Figure xxx. LRCH channelization (figure assumes that N is 4)
7.1.1.2.1.1.2 Distributed Resources Channel (DRCH)
A DRCH consists of scattered time-frequency bins and is indexed by DRCH (N, k). OFDM symbols 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 xxx shows an illustration of the DRCH channelization when T = 32, N = 16 and S = {0, 7, 12, 3, 9, 14, 2, 5}.
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Figure xxx. LRCH channelization (figure assumes that 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 xxx. Different amount of resource allocation for different physical channels can be defined by using different number of N.
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Figure 4. Tree structure representation of DRCH

7.1.1.2.1.2 Resource allocation to physical channels
Resource allocation to each physical channel is realized by assigning DRCH (N, k) and/or LRCH (N, k) to each physical channel, where N could be different for each physical channel depending on the required amount of resources.
------------------------------------------------------- End of Text Proposal ----------------------------------------------------
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Appendix A:

Performance comparison among various kinds of diversity transmission scheme (captured from R1-051043)
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Figure 5. Classification of diversity transmission schemes on non-consecutive sub-carriers
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(b) UE speed of 120 km/h
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(c) UE speed of 300 km/h

Figure 6. Simulation results of distributed transmission: chunk BW = 300 kHz, Payload size = 600 bits, channel model = Vehicular A
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(b) UE speed of 120 km/h
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(c) UE speed of 300 km/h

Figure 7. Simulation results of distributed transmission: chunk BW = 300 kHz, Payload size = 240 bits, channel model = Vehicular A
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(b) UE speed of 120 km/h
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(c) UE speed of 300 km/h

Figure 8. Simulation results of distributed transmission: chunk BW = 300 kHz, Payload size = 120 bits, channel model = Vehicular A
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(b) UE speed of 120 km/h
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(c) UE speed of 300 km/h

Figure 9. Simulation results of distributed transmission: chunk BW = 600 kHz, Payload size = 720 bits, channel model = Vehicular A
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(b) UE speed of 120 km/h
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Figure 10. Simulation results of distributed transmission: chunk BW = 600 kHz, Payload size = 240 bits, channel model = Vehicular A

Appendix B:

System level simulation results on the performance comparison between block-wise transmission and diversity transmission (captured from R1-051042)
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Figure 11. Simulation scenario: TFD vs. FS transmission
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Figure 11. Performance comparison between TFD vs. FS transmission for 3 km/h

[image: image31.emf]Throughput Comparison btw FS mode and TFD mode:

System BW-10 MHz (0.563 MHz x 16), TU model, 30 km/h

0

2

4

6

8

10

12

0 5 10 15 20 25 30

Number of users per sector

Sector Thruput [Mbps]

FS_30km_1RxAnt

TFD_30km_1RxAnt

FS_30km_2RxAnt

TFD_30km_2RxAnt

[image: image32.emf]PER Comparison btw FS mode and TFD mode:

System BW-10 MHz (0.563 MHz x 16), TU model, 30 km/h

0%

10%

20%

30%

40%

50%

60%

1 2 3 4 5 6 7 8 9 10 11

sub-packet index

Packet Error Rate [%]

FS_30km_1RxAnt

TFD_30km_1RxAnt

FS_30km_2RxAnt

TFD_30km_2RxAnt


(a) Throughput comparison 













(b) Packet error rate comparison

Figure 12. Performance comparison between TFD vs. FS transmission for 30 km/h
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Figure 12. Performance comparison between TFD vs. FS transmission for 120 km/h
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