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1
Introduction

This contribution accompanies [1] to provide details about the multiplexing of the different PHY channels. As defined in [1], the notion of super-frame sets the periodicity of the SCH and the CCCH. 

2
Multiplexing of DL PHY channels

Figure 1 (also presented in [1] and replicated here for completeness) introduces the proposed frame structure for the DL of E-UTRA. 
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Figure 1. Time/Frequency Diagram of DL PHY channels 
Figure 2 is repeated here from [8] and shows one possibility of channel multiplexing within the superframe preamble. 

As introduced in [1] the SCH and CCCH are TDM’d within the superframe preamble. The transmission bandwidth for the SCH and CCCH is consistent with the DL UE capability discussed in [2]. 
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Figure 2. PHY DL multiplexing in the superframe preamble – Example 
The multiplexing of DL PHY channels within the subframes is frequency-and-time division multiplexing of all the other DL PHY channels, namely: CPICH, SDCCH, SUACH, HICH, SDCH, UPCCH, LICH, MCCH, and MTCH (see [1] for a general overview of the DL PHY channels).

The E-MBMS related channel structure (MCCH and MTCH) is shown in [9].

· The transmission of the CPICH spans the entire system bandwidth, and therefore, will be a frequency distributed transmission. 

· [4] and [5] provide details on the recommended pilot structure for optimal demodulation of data and control information. 

· Localized as well as distributed frequency allocations are supported for SCCH, SUACH and MCCH. The multiplexing of these two different types of allocations within the same TTI for the control channels is discussed in more detail in [3]. 

· The frequency distribution of resources allocated to different users have to be consistent with the maximum supported Rx bandwidth (which could be smaller than the system bandwidth as discussed in [2]).

· The SDCH itself will also occupy the entire system bandwidth, however, the transmission of the SDCH to a given UE can be made localized or distributed in frequency at the scheduler.  

· The SDCH and its associated SCCH are TDM’d within the same subframe.

· Different ways to multiplex the MTCH with other DL PHY channels are discussed in [6] in the context of the impact of synchronous HARQ operation over the SDCH. 

· The LICH transmission targets the entire cell
· The transmission frequency of the HICH may be mapped (as introduced in [1]) according to the UL PHY resource allocation to which is providing feedback for satisfactory or unsatisfactory reception. 

· Finally, the transmission of the UPCCH can be done in a localized or distributed manner depending on the data transmission for the user to which the command is meant. 

3
Conclusions

The multiplexing of DL PHY channels within the superframe preamble and within subframes have been presented and discussed. The text proposal below for [7] is recommended. 
This contribution also proposes the incorporation of text with details about the channel structure for E-MBMS that was submitted in RAN#43 [10] but that was not discussed due to lack of time. 
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-------------------- Start of the text proposal --------------------

7.1.1.2
DL PHY channels 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.

Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
7.1.1.2.1

DL PHY channels multiplexing within superframe preamble

Figure 7.1.1.2.1-1 shows one possibility of channel multiplexing within the superframe preamble.
The SCH and CCCH are TDM’d within the superframe preamble. The transmission bandwidth for the SCH and CCCH is consistent with the minimum DL UE capability.
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Figure 7.1.1.2.1-1. PHY DL multiplexing in the superframe preamble – Example

7.1.1.2.2
DL PHY channel multiplexing within subframe

The multiplexing of DL PHY channels within the subframes is frequency-and-time division multiplexing of all the DL PHY channels transmitted over the subframes, namely: CPICH, SDCCH, SUACH, ACK, SDCH, UPCCH, LICH, MCCH, and MTCH.

The E-MBMS related channel structure (MCCH and MTCH) is covered in Section 7.1.1.6.

· The transmission of the CPICH spans the entire system bandwidth, and therefore, will be a frequency distributed transmission. 

· Localized as well as distributed frequency allocations are supported for SCCH, SUACH and MCCH.. 

· The frequency distribution of resources allocated to different users have to be consistent with the maximum supported Rx bandwidth (which could be smaller than the system bandwidth).

· The SDCH itself will also occupy the entire system bandwidth, however, the transmission of the SDCH to a given UE can be made localized or distributed in frequency at the scheduler.  

· The SDCH and its associated SCCH are TDM’d within the same subframe.

· The LICH transmission targets the entire cell

· The transmission frequency of the ACK may be mapped according to the UL PHY resource allocation to which is providing feedback for satisfactory or unsatisfactory reception. 

Finally, the transmission of the UPCCH can be done in a localized or distributed manner depending on the data transmission for the user to which the command is meant.
7.1.1.2.3

Multiplexing of Unicast and Multicast Traffic

The following unicast/multicast traffic multiplexing schemes are considered:

· TDM: DL unicast traffic and multicast traffic sent over separate slots

· Unicast and multicast transmissions may use different CP lengths.

· FDM: DL unicast traffic and multicast traffic can be sent over same slot on disjoint frequency allocations

· Unicast and multicast transmission use same CP length if transmitted in same slot.

· Hybrid: Based on TDM approach with

· One symbol within a slot dedicated for unicast

· Used for UL PHY control.

· Rest of symbols within a slot dedicated for multicast.

· Unicast and multicast transmissions may use different CP lengths.

7.1.1.2A


DL 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
[…]

7.1.1.6
Multicast (E-MBMS) channel structure

7.1.1.6.1
Multicast Data Channel Structure

To enable an efficient macro-sleep UE mode, the following should be considered:
· TDM interlacing of multiple streams
· No TrCH multiplexing

· Every stream is transmitted using a very short high data-rate burst. 
· This allows a UE to “wake up” as and when necessary, decode the E-MBMS stream of interest and fall back to “sleep state”.

7.1.1.6.1.1
Channel Structure
The E-MBMS channel is proposed to have a three-tier channel structure, consisting of super frames, outer frames and radio frames. Based on the evaluation numerology in Table 7.1.1-1 we propose the following values: 

· Each super frame spans 1000 ms

a. Consists of 4 outer frames for E-MBMS traffic

b. Preamble portion consists of E-MBMS control and SFN TDM pilot symbols
· Each outer frame spans 240 ms

a. Consists of 24 radio frames
· Each radio frame spans 10 ms

a. Consists of 20 slots
This is illustrated in Figure 7.1.1.6-1.
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Figure 7.1.1.6-1

Channel Structure
Note:the preamble and the super frame in Figure 7.1.1.6-1 refer to the E-MBMS preamble and E-MBMS super frame.
7.1.1.6.1.2
Interlace Structure
There are 480 slots per outer frame. With a 1-slot TTI, this allows for 480 TDM interlaces (IL) per outer frame.

The minimum allocation for each stream is 1 interlace per outer frame. With a 1-slot TTI, each stream is allocated a minimum of 4-slots per super frame.

This is illustrated in Figure 7.1.1.6-2.
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Figure 7.1.1.6-2

Interlace Structure
Note:the preamble and the super frame in Figure 7.1.1.6-2 refer to the E-MBMS preamble and E-MBMS super frame.
7.1.1.6.2
Stream Granularity

For the option of TDM multiplexing with unicast as described in section 7.1.1.2.1.1, depending on the MCS, TTI and number of available slots/interlaces for MTCH, the effective data rate per interlace varies, as shown in Table 7.1.1.6-1.

	Super Frame

Duration
	Outer Frame Duration
	MTCH TTI
	Number of Available Interlaces
	Effective Data Rate

per Interlace

	
	
	
	
	16-QAM

Rate 1/2
	QPSK

Rate 1/2

	1000 ms
	240 ms
	0.5 ms
	480
	12 kbps
	6 kbps

	
	
	1.0 ms
	240
	24 kbps
	12 kbps

	
	
	2.0 ms
	120
	48 kbps
	24 kbps


Table 7.1.1.6-1

E-MBMS Interlace Granularity
In Table 7.1.1.6-1, it is assumed that one can transmit data at 6 Mbps using 16-QAM rate ½ in a stand-alone 0.5ms E-MBMS slot with a 16.67% pilot overhead.

Therefore, using 16-QAM rate ½ and 0.5 ms TTI, the minimum data rate per MTCH stream is 12 kbps. For a given stream, the data rate can be increased by interlace aggregation and reaches 5.76 Mbps if all interlaces are allocated to this stream.
Consider the case when the TTI is 0.5 ms and the MCS is fixed to 16-QAM rate ½:

· If only IL0 is occupied, the effective data rate is 12 kbps

· If all the 480 interlaces (IL0 to IL479) are occupied, the effective data rate is 5.76 Mbps

· The data rate per stream is increased by contiguous interlace aggregation per radio frame
The UE needs to “wake up” only for the relevant interlaces in every
-------------------- End of the text proposal --------------------
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