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Introduction

At the TSG-RAN #30 meeting OFDMA was selected as the downlink multiple access scheme for UTRA LTE. At this stage the lower layer control signalling details for OFDMA DL interface are open apart from some general principles addressed during the RAN WG1 meetings. Some of the aspects considered are:

· Lower layer control signalling should be located towards the beginning of the subframe to permit fast access to the information and reduced buffering needs. Additionally some benefits from microsleep could be acquired in this case.

· Lower layer control signalling should be located in the vicinity of downlink common pilot, both temporally and in frequency dimension

· The overhead of lower layer control signalling must not become exceedingly big so as to seriously impact potential system capacity

RAN WG1 has also discussed the types of L1/L2 control information that would be transmitted in downlink. Table 1 shows one exemplary list from [1].

Table 1. Example of downlink shared control channel parameters
	Signaling field
	Notes

	Header field
	Allows more flexibility on signaling channel

	DL shared channel allocation
	

	Transport format indicator
	

	DL HARQ information
	

	UL shared channel allocation
	

	HARQ feedback for UL
	Radio link ID may be needed, if it is not present otherwise. 

	Timing advance for UL
	Not always present  Depends on changes in the path delays.

	Power control level indicator
	Not always present. Depends on changes in the propagation environment.

	PICH
	Paging Indicator. Describes, whether Paging messages are present in a resource allocation unit of a Shared Channel in this sub-frame.


This document considers the multiplexing of downlink L1/L2 control information, particularly with the general principles stated above in mind.
Discussion

The downlink L1/L2 control channel structure is inherently related to the UE capability aspects of UTRA LTE. As it is necessary that all the UEs that are roaming in a UTRA LTE system must be able to access the L1/L2 control channel, the transmission bandwidth of this channel should be 

1) equal to the minimum maximum reception bandwidth for UE capability or

2) equal to the DL transmission bandwidth

whichever is smaller.

Due to overhead considerations, it is beneficial to combine L1/L2 signaling to multiple UEs within as few encoding blocks as possible. However, there are some inherent limitations in one single control signaling block as the decoding reliability (or Tx power) has to be dimensioned so that any UE within the cell can read and decipher it. Also with one control channel block, it is difficult to realize variable a size of signaling field due to varying number of UEs from subframe to subframe. A good compromise would appear to be allowing for different levels of robustness in the control signaling field entries. For example, the power setting or AMC scheme could be set indepently for UE signaling entries depending on the geometry of the UEs in the cell. As the purpose is to provide satisfactory detection performance where it is needed without unnecessary overhead, the number of different settings should be small, perhaps two.

Figure 1 depicts how the L1/L2 control signaling would be multiplexed in DL OFDMA subframe structure.
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Figure 1. Multiplexing of DL L1/L2 control signaling
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7.1.1.2
Multiplexing including reference-signal structure
7.1.1.2.1
Downlink data multiplexing

Both TDM and FDM are employed to map channel-coded, interleaved, and data-modulated information [Layer 3 information] onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of resource blocks consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account.

The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

In addition to block-wise transmission, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity.


7.1.1.2.2
Downlink reference-signal structure

The downlink reference signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The basic downlink reference-signal structure, consisting of known reference symbols, is illustrated in Figure 7.1.1.2.2-1.

Reference symbols (a.k.a. ”First reference symbols”) are located in the first or second OFDM symbol of a sub-frame. 

Additional reference symbols (a.k.a. ”Second reference symbols”) may  be located in a second OFDM symbol of the sub-frame
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Figure 7.1.1.2.2-1. Basic downlink reference-signal structure (figure assumes 7 OFDM symbols per sub frame)

The position (in the frequency domain) of the reference symbols (first reference symbols as well as second reference symbols) may vary from sub-frame to sub-frame and between cells.

The first reference symbols are transmitted in every downlink sub frame from one or multiple TX antennas.

It is still FFS if the second reference symbols are selectively transmitted or transmitted in every downlink sub frame
In the case of selectively transmitted second reference symbols, the transmission of second reference symbols could be based on e.g.

· The possibility for inter-sub-frame interpolation between first reference symbols (second reference symbols e.g. only transmitted when inter-sub-frame interpolation between first reference symbols is not possible, e.g. when some sub-frames are used for Single-Frequency-Network- based broadcast)

· Doppler, in case of common channels the highest anticipated Doppler (second reference symbols only transmitted at high Doppler)

· Scheduling decision (second reference symbols only transmitted in resource blocks being scheduled)

· Selected ”transport format”  (second reference symbols only transmitted e.g. in the case of higher-order modulation)

· Number of TX antennas used for transmission (second reference symbols only transmitted in case of transmission from more than a certain number of TX antennas)

If second reference symbols are transmitted, the possibility for different power offset between the first reference symbols and the second reference symbols could be considered.

In the case that Layer 1 downlink control signaling (more specifically signaling or part of the signaling related to downlink and uplink scheduling) is located at the beginning of the corresponding sub-frame (still TBD if this will be the case or if the Layer 1 signaling is to be spread over the sub-frame), it is currently assumed that demodulation of this information could be carried out without using the second reference symbols of the corresponding sub-frame (however, second reference symbols of previous sub-frames may be used if available).

Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO
It should be possible to create multiple mutually orthogonal downlink reference signals. 

· To support transmission using multiple TX antennas within one cell 

· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Mutual orthogonality between reference signals may be achieved in either the frequency domain (reference symbols of different antennas/sectors/beams transmitted on different OFDM sub carriers within a given OFDM symbol) or in the code domain (reference symbols of different antenna/sectors/beams modulated by mutually orthogonal patterns). Both alternatives are to be considered. 

Means to have good correlation properties also between reference signals of cells of different Node B should be considered.
7.1.1.2.3 Multiplexing of L1/L2 control signaling
There are two types of L1 and L2 control signalling information:

· Data associated signalling (e.g. shared channel resource allocation, transport format and hybrid ARQ information), which is associated with downlink data transmissions, and

· Data-non-associated signalling (e.g. ACK/NACK due to uplink transmissions)
Both downlink and uplink resource allocations are indicated by downlink control signalling.
The L1/l2 control signalling channel is located in the first OFDM [and possibly second] symbol of the subframe. This signalling channel is distributed across a pre-determined bandwidth.
Figure 7.1.1.2.3-1 depicts a multiplexing scheme for L1/L2 control signalling, data and pilot. 
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Figure 7.1.1.2.3-1 Multiplexing scheme for L1/L2 control signalling, data and pilot
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