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1. Introduction
According to previous agreements in RAN1, frequency hopping is at least supported for the unicast PDSCH in enhanced coverage. Frequency hopping has the effect of allowing frequency diversity over a wider bandwidth to be obtained while maintaining a narrow UE receiver bandwidth.

One of the significant goals of the Release-13 MTC work item [1] is to reduce the complexity of the MTC device. One approach to reducing the complexity of the MTC device is to reduce the number of downlink transmission modes supported. In terms of transmit diversity, an MTC device that just implemented TM1 would be the lowest complexity device, since only a single channel estimator is required to estimate the channel between the eNodeB transmit antenna and the UE receive antenna. However a direct implementation of TM1 would lead to a performance degradation for the device in multipath channels.
In an analogous way to the way that frequency hopping allows frequency diversity to be achieved across a wide bandwidth with a narrow UE receiver bandwidth, eNodeB antenna switching allows antenna diversity to be achieved in a UE with a single channel estimator. 

This document thus proposes that antenna switching should be supported by a UE supporting TM1 in order to achieve an antenna diversity gain while minimizing UE complexity. Antenna switching can allow the UE to achieve a performance similar to that for TM2, but with a TM1-based receiver architecture.
This document is an updated version of [2] that was submitted to RAN1#80bis, Belgrade (that document was not treated in RAN1#80bis).
2. Antenna Switching
2.1 Enhanced Coverage Operation
In an enhanced coverage mode, antenna switching can be implemented by defining a mapping between the subframes and the antenna ports used for transmission from the eNodeB. In its simplest form, a mapping such as the one shown in Figure 1 could be applied. In any one subframe, the UE only has to perform channel estimation on a single antenna port and repetition coding across Y subframes provides diversity between the transmissions from the two antenna ports. The eNodeB would transmit reference signals on all its CRS antenna ports, as per Release-12 operation, whereas the UE would only need to channel estimate those reference signals that were applicable for the subframe that it is decoding.
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Figure 1 – Basic antenna switching pattern

Antenna switching can be combined with frequency hopping as shown in Figure 2. The available diversity is maximized and frequency switching time is minimized when antenna switching occurs at one frequency before the frequency is hopped to another frequency.
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 Figure 2 – Antenna switching in combination with frequency hopping
2.2 Normal Coverage Operation
In normal coverage operation, repetition coding is not applied and antenna switching cannot be applied between subframes. However antenna diversity is possible if the eNodeB performs antenna switching on a per PRB basis, combined with the interleaving function that is an inherent part of the LTE transport channel processing chain. An example of the operation of antenna switching in normal coverage operation is shown in Figure 3.
As for the enhanced coverage case, the eNodeB transmits a number of reference signals that are compatible with its number of antenna ports (these reference signals are required for the support of legacy devices). However in a PRB to which antenna diversity is applied to a Release-13 MTC UE, PDSCH is only transmitted from one of the antenna ports. For the purposes of channel estimation, the Release-13 MTC UE would use CRS reference signals from the same antenna port as the antenna port used to transmit PDSCH.   
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Figure 3 – Antenna switching application in normal coverage mode
The PBCH may be transmitted using SFBC transmit diversity with up to four transmit antenna ports. Since the PBCH is repeated and only needs to be decoded infrequently (e.g. when the UE camps on a cell), the PBCH can be decoded in non-real time. A Release-13 MTC UE with a single channel estimator (for supporting the antenna diversity scheme described in this document) can re-use that single channel estimator (on different antenna ports) and decode the PBCH in non-real time. When there are separate SIBs for MTC, those separate SIBs can be encoded using the antenna diversity scheme. Hence it should be possible for a UE with a single channel estimator to also decode both MIB and SIB for MTC.
3. Simulated Performance

In order to investigate whether there is significant performance degradation from applying antenna switching diversity, simulations in normal coverage mode were performed according to the simulation assumptions of Table 1. Figure 4 show the simulation results obtained for EPA and ETU channels. There is minimal performance degradation for 2-antenna switched diversity compared to TM2 operating with 2 eNodeB transmit antennas, but the complexity of 2-antenna switched diversity is less than that of TM2.
Table 1 - Simulation assumptions
	Parameter 
	value

	Physical channel
	PDSCH

	Control channel region
	2 OFDM symbols

	MTC bandwidth
	1.4 MHz (6 PRB)

	PRBs allocated to PDSCH
	6 PRB

	Transport block size
	250 bits

	Modulation and coding
	QPSK rate 0.19

	Channel
	ETU / EPA

	Channel speed
	static

	Channel estimation
	realistic

	Reference symbols
	CRS

	Number of antennas
	eNodeB: 2 TX antennas

UE: 1 RX antenna
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Figure 4 – TM1, TM2 and antenna switched diversity performance in EPA and ETU channels
4. Conclusion
Antenna switched diversity is a way of implementing what is essentially a TM1 transmission mode with a lower receiver complexity than TM2, but with a performance that is only slightly degraded compared to TM2. It is hence proposed that RAN1 considers applying antenna switching to TM1 when considering the reduction of DL transmission modes.
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