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1 Introduction

The general principles on E-UTRA radio interface were elaborated in [1]. This paper considers how the control signaling for multiple users sharing the physical layer resources can be realized in E-UTRA downlink.
2 Discussion

2.1 Multiplexing methods for E-UTRA DL signaling

Signaling for L1 information (L2 out-band signaling) can be done in fundamentally three ways: time division multiplex, frequency division multiplex or code division multiplex. In the case of OFDM based downlink, either time or frequency division multiplex are basically the options to be considered.
Regardless of the multiplexing method, the steps involved in L2 out-band signaling processing are those also enumerated in [2], i.e. channel coding, interleaving, modulation and mapping to physical layer subframe. The signaling channel carries information on the TrCH:s allocated on the L1 resource of the DL shared channel. Each UE has to correctly decode and interpret the signaling information to verify whether it has data allocated in the current subframe(s), and where exactly to find it.
 2.1.1 Frequency Division Multiplexed signaling

For OFDM DL a number of subcarriers can be reserved for the signaling channel, preferably spread out across the frequency band to achieve good frequency diversity. Figure 1 shows a general concept of FDM signaling. 
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Figure 1. Frequency division multiplexed signaling

The UE starts buffering the subcarriers containing TrCH data on the current subframe while decoding the signaling channel. It can be seen that in some cases the UE may need to buffer a considerable portion or all of the subframe before detecting whether it has traffic assigned for it or not.

2.1.3 Time Division Multiplexed signaling

Alternatively, the signaling channel can be multiplexed within one OFDM symbol – again spread out across the frequency band to provide for frequency diversity. Figure 2 shows the basic concept of TDM signaling. 
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Figure 2. Time division multiplexed signaling

As the signaling channel can be located, e.g. in the first OFDM symbol of the subframe, the UE can complete the decoding of the signaling channel before it has to buffer a considerable portion of the subframe symbols.
2.2 Evaluation of signaling schemes
The eventual solution for L2 out-band signaling cannot be considered in isolation from a number of other aspects impacting the performance of the E-UTRA DL. One important concern is how the common pilots are set up in the physical layer. It was elaborated in [3] that due to the inevitable DTX/DRX use in E-UTRA the preferred structure for E-UTRA DL pilot channel is time division multiplexing. In general, signaling multiplexed in frequency domain works best with frequency division multiplexed pilot. Similarly, time division multiplexed signaling benefits from TDM pilots. Thus, the conclusion in [3] would support TDM signaling. 
Also, for wide bandwidth radio system such as E-UTRA, it is understood that the frequency selectivity of the channel is likely to be larger than the time selectivity. For example the 10 MHz E-UTRA bandwidth accommodates 24 coherence bandwidths in a Typical Urban channel, whereas a 0.5 ms subframe accommodates only 1.5 coherence times even in the fastest mobile speeds of 350 km/h envisioned for E-UTRAN at the carrier frequency of 2.6 GHz.
Some aspects of time division multiplexed out-band signaling and frequency division multiplexed out-band signaling are compared in Table 1.

Table 1. Comparison of TDM and FDM for E-UTRA DL L2 out-band signaling

	
	TDM signaling
	FDM signaling

	Frequency diversity
	+
	+

	Time diversity
	Much less gain than from frequency diversity
	Much less gain than from frequency diversity

	Transmit power adjustable independently
	-
	+

	Fast access to L1 information, small need of buffering
	+
	-

	Channel estimation
	Accurate with TDM pilot
	Works best with FDM pilot, but see [3]


Conclusion
This document considers the solutions for transmitting L2 out-of-band signaling in E-UTRA DL. It is recommended that TDM signaling as adopted to provide for best RTT properties and fast access to physical layer allocations for each UE. It can be seen that using also TDM signaling brings a marked benefit in the fact that the channel estimation is obtained for the very same OFDM symbol that carries the L2 out-of-band signaling. This is particularly beneficial in high Doppler environment.
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