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1
Introduction
In [1][2], we analyzed the link performance of UL CQICH and ACKCH with different structures.

In this document, we analyze the issues associated with multiplexing non data-associated control and data in the uplink. Further, we evaluate the link performance of CQICH with different multiplexing structures.

2
UL Control and Data Multiplexing
Consider the scenario when a UE transmits control information in the uplink. This control information can be classified into two kinds:

· DL data transmission associated

· ACK

· CQI

· Additional MIMO / SDMA support

· UL data transmission associated

· Transport Format Indication (TFI)

As stated in [3], we do not see any benefit of transmitting the TFI in an orthogonal uplink. Any issues emanating from power limitation is typically subsumed by HARQ. Instead, we propose that the UE should simply obey the UL assignment from the eNode-B and avoid the additional uplink overhead caused by TFI.
From this point onwards, we focus our attention only on the multiplexing problem of DL data associated control and UL data transmission. We observe the following:

· Asymmetric bandwidth requirements

· The required transmission bandwidth for ACKCH or CQICH need not be equal to the assigned uplink data transmission bandwidth

· To achieve the lowest PAR for a given power + bandwidth ratio, control and data must not be frequency multiplexed

· Time multiplexing always achieves the lowest PAPR
Table 1 outlines the CCDF of the PAR in different scenarios. The scenarios assume 180 KHz (12*15) as the minimum allocation for data, 90 KHz (6*15) for ACKCH and 180 KHz (12*15) for CQICH.

	FDM Scenario
	PAR (dB)

	Data
	Control
	99.9%
	99.99%

	Nd = 12
	-
	5.70
	6.40

	Nd = 12
	Nc = 6
	6.40
	7.20

	Nd = 12
	Nc = 12
	6.80
	7.70


Table 1

PAR with SC-FDM
It is seen that when control and data is transmitted using FDM, the PAR increases by 0.7 dB to 1.1 dB depending on the scenario. For a link budget limited terminal, this is a very inefficient way of transmission.

However, as seen in [1][2], in one of the macro-cell scenarios (1732m ISD + 20 dB penetration loss), it was seen that one cannot close the link for control with a TDM transmission.

Given these observations, we propose the following:
· When a UE needs to transmit control and data within the same sub-frame, the signals are time multiplexed
· When UEs that do not transmit uplink data, control spans the entire sub-frame
· Mitigates issues for link budget limited users in macro-cell scenarios
3
Sub-Frame Structure for Control Data TDM
The current UL sub-frame format is shown in Figure 1. For convenience, we will assume that the 2 SB are reserved for pilot transmission and the 6 LB are used for data transmission.
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Figure 1

Format I – TR 25.814
Consider Figure 2 with LFDM data transmission. With TDM control+data multiplexing with asymmetric bandwidth requirements, the pilot in the 1st SB cannot be efficiently utilized – in the figure, a CDM pilot spanning the entire bandwidth is sent in the 1st SB.
As seen in [4], the use of such a CDM pilot leads to link performance degradation. 
If we rely on an orthogonal FDM pilot, this is a very inefficient multiplexing structure due to the lack of one-to-one correspondence between the pilot used for control and pilot used for data.
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Figure 2

TDM Structure with Format I 

Therefore, we propose a modified version of the sub-frame format in Figure 3. This structure allows for a clean separation of control and data in a TDM structure, at the expense of a slightly reduced CP duration.

The key benefits of using format II are outlined below:
· A one-to-one correspondence between control data and associated pilot with orthogonal IFDM or LFDM mapping.
· When control signals are sent, the associated pilot for data channel can still be transmitted in orthogonal FDM in two separate short blocks.
· The first 2 SB can also be used for either data transmission or control transmission
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Figure 3

Format II
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Figure 4

Format II

4
Link Analysis
As stated earlier, the CP duration is slightly smaller with format II than with format I. 

In this section, we evaluate the link performance of CQICH with 1ms TTI.
The number of information bits for CQI is 8, with 5-bits for CQI and 3-bits for delta-CQI. A truncated 2nd order RM code is used to generate a [24, 8] code. The modulation is set to QPSK.
In these simulations, CQI occupies 30 KHz in every sub-frame using an LFDM waveform. The CQICH hops every 1ms to achieve inter-TTI frequency diversity.
	Parameter
	Format I
	Format II

	Symbols / Slot
	8
	9

	FFT size
	512 – LB

256 – SB 
	512 – LB

256 – SB 

	Tone spacing
	15 KHz – LB

30 KHz – SB 
	15 KHz – LB

30 KHz – SB 

	Flat guard samples 
(Number of symbols)
	31 (1)

23 (7)
	24 (4)

23 (5)

	Flat guard period 
(Number of symbols)
	4.04 µs (1)

3.00 µs (7)
	3.12 µs (1)

3.00 µs (5)

	Window length 

(Number of samples)
	1.04 µs (8)
	0.65 µs (5)


Table 2

Evaluation Numerology – TDM Pilot Structure – 5 MHz 
The rest of the simulation assumptions are as follows:

· Two Rx antennas

· Interference and noise modeled as bandlimited noise process

· GSM TU channel

· UE speed = 30 kph
· Orthogonal FDM pilot is used in both formats I and II

· This is an optimistic assumption for format I, since the pilot transmitted in the 1st SB in this case has a lower Rx power spectral density
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Figure 5

Performance of CQICH
First, we observe that there is very little difference in link performance between formats I and II. There is very little impact of reducing the CP duration in format II, even by making an optimistic pilot SNR assumption on format I.
Further, assuming a 10% erasure rate for CQI (recall that the CQICH is not protected using CRC), we observe that the target Es/Nt for CQICH is 3 dB. This is a reduction from what was seen in [2] and is primarily due to the use of FDM transmission and LFDM waveform (improved channel estimation).
4
Summary and Proposal
We propose to adopt the following for E-UTRA and capture as text in PHY stage 2 level TR:
· TDM multiplexing of DL associated control and UL data when transmitted by a UE within the same sub-frame

· DL associated control spans the entire sub-frame for users not transmitting data within the same sub-frame

· Essential for link budget limited users

· New sub-frame format for efficient control-data TDM structure within a sub-frame
5
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