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1. Introduction
In the cellular environment especially with the frequency reuse factor of 1, effectively reducing the inter cell interference is critical to increase the cell edge throughput. In homogeneous network, the regular sized macro cells drawn on paper doesn’t necessarily look regular in real wireless environment; the interference at the cell edge is not only caused by immediate adjacent cell/s so the interference becomes very complicated which is very difficult to manage or coordinate. Simply with the techniques such as interference cancellation or randomization or coordination in different environments, it is very difficult to boost the cell edge performance. These techniques shall be considered in specific environment according to effectiveness, in some environments cancellation maybe a good choice while in other cases coordination maybe effective to cancel the interference at the cell edge.
With the incorporation of new nodes in the system with lower transmit power as compared to the usual “macro” eNBs, these new nodes (pico cells, home eNBs or femto cells, relays) change the topology of the system to a much more heterogeneous network with a completely new interference environment [10]. In such complex environment interference coordination or management will be even more difficult if not impossible; especially there is no X2 like interface between home eNB and macro eNB. 
Many companies believe that network synchronization is both feasible and highly beneficial in the timeframe of LTE-A. In CDMA the multiple users are masked with different codes to share the same time-frequency resources. So, one of the effective solutions for mitigating the inter-cell interference is combining the OFDM and CDMA technologies. In this paper a new multiple access technology based on OFDM is introduced, i.e. Block Repeated OFDMA (BR-OFDMA). With BR-OFDMA, multiple users are multiplexed in the same time-frequency resources so that interference coordination and cancellation becomes easier. This document is resubmission of R1-083630.
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2.
BR-OFDMA Principle
In OFDM+CDMA, the principle of mitigating inter-cell interference is: for the cell center users because interference is relatively low, no repeating (i.e. spreading) of data required i.e. repeating factor is 1, which is same as traditional OFDMA; for the cell edge users because the inter-cell interference is high so at the transmitting side the data is repeated in time and frequency domain after OFDMA modulation i.e. repeating factor is >1, adjacent cell use different repeating code (Cell-specific). In receiving side, symbol level interference cancellation is done for the received signal so that to mitigate the inter-cell interference.

In OFDM+CDMA, interference cancellation is done in terminal side, not based on the dynamic scheduling by network, and thus it is very flexible. In OFDM+CDMA interference cancellation technique, it may have more impact on the current specification if the data is spread on symbol level, a slightly different approach of spreading based on PRB will have less impact on R8 specifications.
The concept of BR-OFDMA (Block Repeated OFDMA) is introduced below which is fully compatible with OFDMA.
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Fig. 1, BR_OFDMA signal structure

Figure 1 illustrates the BR-OFDMA signal where BU (Block Unit) is a PRB, which is repeatedly transmitted 8 times respectively over BU1，BU2，…，BU8. RF (Repeat Factor) defines the number of times the BU is transmitted, e.g. RF=8. Each repeated block is multiplied with a weighting factor Ci, each user is allocated with a weighting factor sequence RC (Repeat Code) which can be represented as (C1C2….CRF). A BU is repeated and weighted then mapped on the block of designated time-frequency resources, the same resources is shared by multiple users with different RC. There are 3 ways to map the BR-OFDMA signal on OFDM sub-carriers: mapping in frequency domain; mapping in time domain；mapping in two dimensional time and frequency domain. Fig. 1 is an example of two dimensional mapping.
Construction of BR-OFDMA signal has following characteristics: 

1) The BU is equal to the physical resource block in OFDMA, repetition is carried out on basic BU basis, thus the signal mapping is basically same as in traditional OFDM system, and each BU is self decodable so the compatibility with OFDMA is maintained；

2) RF can be varied according to the user requirement and the channel condition, BR-OFDMA becomes OFDMA for RF=1, the inter-cell interference can be effectively mitigated when RF is greater than 1; mapping can be localized or distributed and there is no restriction on time-frequency spacing;
3) User data block is repeated and multiplied with user specific RC so as to differentiate multiple users signal, RC can be a set of orthogonal sequences or quasi-orthogonal sequences.
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Fig. 2, BR-OFDMA transmitter
In figure 2, the user bit stream after channel coding and interleaving is input to the modulator, where output is the stream of modulated symbols. The BU composition will segment the symbol stream into data blocks (DB), inserts the pilot symbols then maps into the BU. In BR modulator, the BU is repeated and multiplied with specific RC then mapped in the designated time-frequency resources. To avoid the interference due to selecting the same RC in adjacent cells the symbols in each BU is scrambled so that the interference is randomized. The signal is transmitted after IFFT. 
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Fig. 3, BR-OFDMA receiver
In figure 3, the received signal is first converted into frequency domain after FFT transformation, the symbol stream is input to the BR demodulator where joint detection of the BR-OFDM signal is done and output is BU data. The BU data is de-mapped and de-segmented in BU decomposition; the symbol stream output is then demodulated to construct the original bit stream which is sent to channel decoder.
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3. 
Simulation Results
In this section, performance of BR-OFDMA and joint detection is analyzed with the simulation. Table 1, shows the parameters used in this simulation. Other parameters not listed are same as in 3GPP LTE [1].

Three scenarios are investigated, 1) distributed OFDMA, 2 PRBs belonging to one user are mapped separately, they are 6 PRBs apart in frequency domain as shown in figure 5a; 2) BR-OFDMA, 2 PRBs as one block are repeated 4 times in frequency and 2 times in time as shown in figure 5b; 4) MC-CDMA, spreading factor is 8, occupying the same size of resources only difference from BR-OFDMA is that it is symbol level spreading mapped on contiguous sub-carriers. The general description of MC-CDMA considered in the simulation is as below:
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Fig. 4  Principle of MC-CDMA

MC-CDMA（Multi-carrier CDMA）is spreading in frequency domain, i.e. the data symbols are multiplied with spreading code, and information on each chips is mapped to the sub-carriers, in other words, if the length of spreading code is N，then N sub-carriers carry the same data information. Due to different sub-carriers experience different fading, thus the MC-CDMA shows certain frequency diversity gain.
Table 1, simulation parameters

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	Sub-carrier spacing
	15KHz

	Number of sub-carriers in 1 PRB
	12

	Speed
	30Km/h

	Modulation
	QPSK

	Channel coding
	Turbo 1/3 

	Repeat Factor
	8 (4 in frequency domain, 2 in time domain)

	Antenna configuration
	1x2
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Fig. 5, PRB mapping
In figure 6a, the simulations are carried out to compare the performance of BR-OFDMA and traditional OFDMA. There is no scrambling of the data. At BLER＝0.1, BR-OFDMA with 7 interfering users shows 0.3dB loss compared to distributed OFDMA. It shows that BR-OFDMA can effectively cancel the multi user interference. It can be seen that the performance is similar to the traditional OFDMA without interference, and there is no need for complicated coordination or scheduling, which makes it attractive in cell edge application.
In figure 6b, it is tried to compare the performance of BR-OFDMA and MC-CDMA under same simulation assumptions, the data symbols are scrambled so that the spreading codes in case of MC-CDMA are not orthogonal, BR-OFDMA shows gain of about 0.5 dB over MC-CDMA. The performance of MC-CDMA is slightly better than BR-OFDMA with the orthogonal spreading codes but in practical which is not possible.
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(a)BR-OFDMA vs OFDMA                      (b)BR-OFDMA vs MC-CDMA

Fig. 6, BR-OFDMA performance curves
It can be seen from above link level simulation results, BR-OFDMA with joint detection at receiver effectively cancels most of the interference. Hence, in the scenario of frequency reuse 1, cell edge throughput can be increased with BR-OFDMA transmission and joint detection for cell edge users.
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4. 
Conclusions
BR-OFDMA multiple access technology is a solution for the interference problem in network deployment scenario where frequency reuse factor is 1. When the two users at cell edge in adjacent cells occupy the same time-frequency resources, the interference can be mitigated with BR-OFDMA in transmission side and joint detection in receiving side. BR-OFDMA in multi cell environment shows better performance, better flexibility and compatibility with OFDMA, compared to traditional MC-CDMA.
The analysis above provides some very initial performance assessment of BR-OFDMA. It should be noted that the evaluations are done based on relatively ideal assumptions. The assessment should thus be seen as an indication of the potential of BR-OFDMA as one of the technologies of LTE-Advanced
Text proposal for TR 36.814
7. Downlink transmission scheme

--------------------------------------------start of Text proposal---------------------------------------------

…………
7.x

The BR-OFDMA signal is created by repeating BU (Block Unit, a PRB) in time and/or frequency domain. Each repeated block is multiplied with a weighting factor Ci, each user is allocated with a weighting factor sequence RC (Repeat Code) which can be represented as (C1C2….CRF). A BU is repeated and weighted then mapped on the block of designated time-frequency resources, the same resources is shared by multiple users with different RC. There are 3 ways to map the BR-OFDMA signal on OFDM sub-carriers: mapping in frequency domain; mapping in time domain；mapping in two dimensional time and frequency domain. The BR-OFDMA in transmission side, which is compatible with OFDMA, and joint detection in receiving side can effectively cancel the interference in the cell edge.
…………….
---------------------------------------------end of text proposal----------------------------------------------
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