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1. Summary

We compare the link level performance of cyclic shift diversity (CSD) with space time block codes (STBCs) with all resource blocks allocated to a single UE. Furthermore, we assume that the adaptive modulation and coding (AMC) is resource block independent. In such a case, it is known that STBCs provide true diversity and hence are likely to perform the best in the absence of interference. However, in the presence of one (or a few) strong interferer(s), the situation could change. Strong interferers can occur in the soft, and especially in the “softer”, handover regions of cells. In such situations, the UE can be affected by only a single effective interferer in the case of CSD, but is affected by at least two effective interferers in the case of STBCs (the STBC decoder only ensures that the desired transmit antennas are orthogonal but the interferers will not be orthogonalized). This causes STBCs to perform rather poorly compared to CSD.

We provide a text proposal that highlights this variable impact of different open loop transmit diversity techniques on interference suppression in multiantenna UEs.
2. STBC Reception using multiple receive Antennas

In contrast to CSD, STBC transmissions are non-linear transformation of a sequence of symbols. However, the signals from the two antennas on a serving cell are orthogonal by virtue of the STBC decoder. In CSD, the interfering cells, although transmitting out of two (or more) antennas appear as a single interfering source, as does the serving cell. However, in STBC, the transmissions of two (or more) antennas are orthogonalized by the decoder, which cannot orthogonalize the transmissions from multiple antennas of interfering cells. Multi antenna receivers must therefore use one or more extra degrees of freedom per each interfering cell to attenuate the additional interferer(s) produced by each cell that transmits a STBC.  

3. Sample Simulation Model with interference

For our simulations we confine the interferer to one base station with two antennas, i.e. N=2. Consider a system with a single node B with 3 sectors (cells). The desired and the interfering sectors are all either CSD or STBC transmitters. Then one could imagine a path in the softer handover region as shown where Ior/Ioc=3 dB (See Figure 1). We ignore the interference due to the back-lobe of the third sector. We simulate the UE performance such that the UE is moved along the path such that the SNR (Ior/No) is swept from 0 to 20 dB. We employ adaptive modulation and coding such that the UE selects the modulation and coding level for each transmission based on the EESM based effective SINR across all resource blocks. Table 1 shows the SINR table for selection of modulation and coding selection (MCS) levels. We also employ HARQ retransmissions with soft combining. Table 2 shows the important simulation parameters.
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Figure 1: Single node B system with 3 sectors

Table 1: MCS Level and CQI value 

	Bit/Modulation Symbol
	Modulation and Coding

Selection (MCS)
	Min Req. CQI

(Corresponding SINR in dB)

	0.5
	R=1/4, QPSK
	-2

	1
	R=1/2, QPSK
	1

	1.5
	R=3/4, QPSK
	4

	2
	R=1/2, 16QAM
	6

	2.5
	R=5/8, 16QAM
	8

	3
	R=3/4, 16QAM
	10

	3.6
	R=3/5, 64QAM
	13

	4
	R=2/3, 64QAM
	14.5

	4.5
	R=3/4, 64QAM
	16


Table 2: Simulation parameters

	Parameter
	Value
	Remarks

	Bandwidth
	5 MHz
	

	Sub-carrier Spacing
	15 kHz
	

	resource block size
	25
	Sub-carriers

	Number of resource blocks
	12
	

	TTI size
	0.5 ms
	

	Number of symbols per TTI
	7
	

	Inter TTI time
	9 TTIs
	10% Duty Cycle

	Channel Estimation
	Ideal
	

	Channel Model
	TU (6 ray)
	

	Speed
	3 km/h
	

	Max re-transmissions
	3
	With combining

	Rate Matching
	Modified from TS25.212
	

	Number of Receive Antennas
	2
	


Figure 2 shows the simulation results. We see that as the UE gets close to the base station, i.e. the SNR (Ior/No) becomes large, CSD performs markedly better than STBC.
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Figure 2: Performance of CSD and STBC

4. Text proposal

Given that there are conditions where the ability of a UE to reject interference can vary significantly between open loop transmit diversity techniques, it seems important to evaluate this behavior in the study item.   Therefore, we’d propose the following text for section 7.1.1.4 of 25.814 (with some formatting changes for readability):

----begin text proposal----

7.1.1.4
MIMO and Transmit Diversity
The baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (four TX/RX antennas) should also be considered. 
Since control channel performance can be difficult to improve through other sources of diversity (retransmission, link adaptation, etc.), open loop transmit diversity schemes should be considered for the downlink control channels. The open loop transmit diversity can also be considered for the downlink unicast traffic. 
Transmit diversity schemes vary with respect to their complexity and ability to support a variable number of transmit antennas. Therefore, the simplicity and scalability of transmit diversity schemes should be compared as well as their performance gains. Furthermore, the capacity benefits of multiantenna receivers from interference suppression can vary with the properties of the interference produced by open loop transmit diversity techniques.  Therefore, open loop transmit diversity algorithms should at least be evaluated using multiantenna receivers in the presence of an interfering open loop transmit diversity cell.   
Open loop block code-based transmit diversity, cyclic shift diversity, and combined space-time (or space-frequency) block code/cyclic shift diversity techniques should be considered.
----end text proposal----
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