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1. Introduction

At least three separate types of transmissions have been identified for the LTE downlink
.

· User data and higher-layer signaling transmitted using the “shared channel”

· L1/L2 control signaling related to downlink and uplink data transmission (downlink scheduling information, uplink-scheduling grants, Hybrid-ARQ-related signaling, etc.)

· Downlink reference signals (to be used at least for channel estimation and channel-quality estimation)

It is assumed that the downlink reference signals are transmitted within the second and second last OFDM symbol of downlink sub-frames [1].

It is further assumed that the L1/L2 control signaling is transmitted within the first OFDM symbol
.

However, there is still a need to conclude on how the physical-layer multiplexing of the different signals listed above is done in detail or, more specifically, how reference signals and L1/L2 control signaling are multiplexed with the shared-channel transmission. 

2. Alternatives for multiplexing

Two alternatives can be envisioned for the multiplexing of reference signals, L1/L2 control signaling, and shared channel, see Figure 1 and Figure 2. 

· Alternative #1 (“Shared-channel last”) 
Reference symbols and L1/L2 control signaling is first inserted into their designated positions within time/frequency grid. The shared channel is then mapped to the remaining time/frequency resource.

· Alternative #2 (“Shared-channel first”)
The coded and modulated shared channel is first mapped to the entire time/frequency resource. Reference symbols and L1/L2 control signaling is then punctured into their designated positions within the time/frequency grid.
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Figure 1: Multiplexing of reference signals, L1/L2 control signaling, and shared channel 
according to alternative #1 (“Shared-channel last”)
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Figure 2: Multiplexing of reference signals, L1/L2 control signaling, and shared channel 
according to alternative #2 (“Shared-channel first”)

It should be noted that the difference between the two methods is, fundamentally, not very large. With alternative 1 (“Shared-channel last”), additional rate matching must be carried out in order to fit the data into the available time/frequency resource. This additional rate matching is in practice done by means of puncturing. The difference between the two schemes is that, with this first alternative, there is more control over the puncturing, assuming this is done according to “normal” 3GPP rate-matching rules. As an example, (partial) repetition coding may first be applied before mapping the shared channel to the available time/frequency resource. Puncturing is then carried out, independently of the repetition coding.  As another example, with alternative #2 it is more difficult to control whether puncturing is done on systematic bits or parity bits of the Turbo-coded shared-channel data. 
3. Summary

We have outlined the two alternatives for multiplexing of reference signals, L1/L2 control signaling, and shared channel.  At this stage the first alternative, i.e. mapping of shared channel after reference symbols and L1/L2 control signaling have been inserted in the designated positions within the time/frequency grid, seems to be the preferred alternative.
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� 	In addition, some specific kind of synchronization signal for cell/beam search initial acquisition and synchronization will most likely be transmitted on the LTE downlink. However, as the structure of such a signal is, as of today, far from clear, we leave this out of the discussion at this stage. 


� 	For this paper it does not really matter exactly where the L1/L2 control signaling is transmitted within the sub-frame. The assumption that the L1/L2 control signaling is transmitted within the first OFDM symbol of each downlink sub-frame can be seen as “for illustration only”.
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