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1. Introduction
The evolved UTRA long term evolution (LTE) is expected to provide improved cell coverage and increased data rates for cell/sector boundary users. In [1], inter-sector diversity is proposed using fast sector selection (FSS) and simultaneous transmission. The simultaneous transmission considered in [1] is based on delay diversity technique. In this contribution, we propose two options of transmission strategy for inter-sector diversity: cyclic delay transmission (CDT) and space time block coding (STBC). Our position is based on the observation that OFDM based radio access for downlink has been proposed by most of the companies and it will probably be adopted. Using CDT and STBC for inter-sector diversity, the maximum excess delay of the equivalent channels will not be expanded, thus required cyclic prefix (CP) length is not increased as compared to single antenna transmission case.  Note that in the contribution, we define sectors as cells in the same Node B.
2. Inter-sector diversity for downlink
The simultaneous transmission strategy of [1] for inter-sector users is described as follows:
· Two sectors are reserved; 

· The downlink shared data channel is transmitted from two sectors simultaneously. The target user receives the two shared data channels conveying the same traffic data like delayed paths. 
Using two sector antennas, the transmission power is doubled, and frequency diversity of the channel is increased using delay diversity transmission. However, the excess delay of the channel is increased as well. Thus one potential problem is that the cyclic prefix (CP) designed to suppress the inter-symbol interference (ISI) may not be long enough to suppress the excess delay of the newly-generated channel, especially when the users are located at the cell boundary. 
Notice that OFDM is a CP-based transmission scheme, in this contribution, we propose to use other space-time coding schemes to replace the delay diversity transmission. The new schemes do not increase the delay spread of the physical channel. One scheme is cyclic delay transmission (CDT); the other is space time block coding (STBC). For two-transmit antenna case, Alamouti codes can be applied across sub-carriers within the OFDM symbols, so-called SFBC, or across OFDM symbols, so-called STBC. When the user is operating in inter-sector diversity mode, the Alamouti decoder is neede, which is different the receiver when the user is operating in single sector mode. Therefore, we pointed out that if STBC is applied, two types of receivers are needed.

 In the following, we describe the transmission strategy and the receiver processing using CDT for inter-sector diversity. Fig.1 shows the block diagram of CDT applied to two sectors within the same cell site. The information bits from PDU with CRC is first passed through the FEC, followed by an interleaver, the outputs of which is then modulated and passed to the OFDM transmitter processor. As one example, let the OFDM size be N = 8, and the cyclic delay T = 2. The OFDM symbol 

x1 = [s(0), s(1), s(2), s(3), s(4), s(5), s(6), s(7)] ,

will be sent out through the sector 1 antenna; while the cyclic delayed version of x1, which is denoted as x2, will be sent out through sector 2 antenna, where 

x2 = [s(6), s(7), (0), s(1), s(2), s(3), s(4), s(5)].

The transmission model of the system is shown in Fig.2. Suppose the responses of the “physical channel” from sector 1 antenna to UE antenna are denoted as h1(0), …,h1(L-1), and the responses in frequency domain are denoted as H1(0), …, H1(N-1). Similarly, the responses from sector 2 antenna to UE is h2(0), …,h2(L-1), and  frequency domain responses are H2(0), …, H2(N-1). Here L denotes the number of delay taps of the channel. 

Using CDT, we are able to construct an “equivalent channel” whose input is the symbol x1, and the frequency domain responses of the equivalent channel is given by: 

He(k) = H1(k) + H2(k) e-j 2π kT/N, 

where k is the subcarrier index,  and T is the cyclic delay in symbols. Therefore, higher frequency diversity is achievable through CDT.
An example of the equivalent channel is shown in Fig.3, given that there are two delay taps for each channel, h1 and h2, and the cyclic delay is T = 2. The number of delay taps for the equivalent channel increases to 4, thus frequency diversity is increased and it can be achieved using error correction coding. Note in this specific example, the performance of the coded systems for CDT is the same as that of delay diversity with delay of 2. However, delay diversity increases the excess delay of the equivalent channel to 4 symbol intervals, but the CDT does not add any physical delay into the system, thus the excess delay for CDT is still 2 symbol intervals. Therefore, if the length of CP is 1 symbol interval, the use of delay diversity will experience severe ISI, but the CDT will not. 


[image: image1]
Fig.1: Block diagram of CDT for inter-sector diversity
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Fig. 2: Transmission model with CDT
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Fig. 3: An example of the equivalent channel using CDT
In conclusion, when the excess delay for the physical channels h1 and h2 are large, the delay diversity will incur the problem that the designed CP may not be long enough to suppress the ISI due to the extended delay spread of the equivalent channel. However, the CDT does not have such a problem, since the excess delay of the equivalent channel is the maximum of the excess delays of the physical channels h1 and h2. As long as the designed CP can take care of the signal antenna transmission case, it can operate in the CDT mode as well.
The receiver for CDT mode is very simple – just like one transmit antenna case, by treating x1 as the input, and the equivalent channel He(k)’s as the channel responses. The only issue is that we need construct the equivalent channel based on the estimated channels H1(k) and H2(k), which are estimated using downlink common pilot channels [2], as well as the cyclic delay used in the cell site.
3. Conclusion
In this document, two transmission schemes have been proposed for inter-sector diversity transmission: one is SFBC/STBC; the other is CDT. SFBC/STBC is able to achieve the maximum frequency diversity, but requires two sets of receivers. The CDT achieves increased frequency diversity with the help of error control coding, and it requires only one set of receiver to detect the signals. One obvious advantage for CDT is that it does not expand the excess delay of the physical channel, thus as long as the designed CP for single antenna transmission is able to suppress the ISI, that CP can also suppress the ISI for systems with CDT. This is of essential importance for cell boundary users, as they usually have larger path losses, and they are not affordable to experience larger ISI due to the insufficient CP. Finally, the selection of the cyclic delay needs further study based on system level and link level simulations. 
4. Text Proposal (Section 7.1.1.5 in TR 25.814) 
------------------------------ Start of Text Proposal --------------------------------

7.1.1.5 Downlink Macro Diversity

In intra-Node B macro diversity in down link, simultaneous transmissions from cells in the same Node B and soft-combing should be considered. In the scheme, cyclic delay transmission (CDT) is effective since CDT doesn’t need additional cyclic prefix and thus, it should be supported in downlink macro diversity for Evolved UTRA. 
---------------------------------------- End of Text Proposal ----------------------------------------
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