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1. Introduction
In [1], several CQI feedback schemes had been compared from both the signaling overhead reduction and the system throughput performance points of view. Since the UE speed was assumed at 3 km/h, the analyses in [1] can not reveal the throughput degradation caused by CQI feedback delay when UEs move at high speed .
In this contribution, after giving an introduction to the simulation results about the throughput degradation caused by CQI feedback delay when UEs move at 30 km/h, we discusses the requirements an implementation related to the Assistant Feedback Channel (AFC) for the fast transmission of CQI from UE to E-Node-B. The AFC can also be used for an UE to transmit other feedback signal , such as ACK/NACK signal, to an E-Node-B. 
2. CQI Feedback Delay vs System Throughput of E-UTRA LCR TDD
2.1. Simulation Condition
The simulation parameters are listed in table 1. 

Table 1 List of simulation parameters

	System Bandwidth
	10MHz

	Frame structure
	TDD Frame structure [2]

	Frame Size
	0.675ms

	Time slot interval between UL and DL
	0.675ms

	Useful Carriers
	600

	IFFT size
	1024

	MCS
	QPSK, Rate 1/3       QPSK, Rate 1/2

QPSK, Rate 2/3       QPSK, Rate 3/4

16QAM, Rate 1/2     16QAM, Rate 2/3

16QAM, Rate 3/4     64QAM, Rate 1/2

64QAM, Rate 2/3     64QAM, Rate 4/5

	Channel Estimation
	ideal

	Channel Model
	Pedestrian B, 6-path

	Antenna Configuations
	(2Tx ,2Rx)

	Receiver
	LMMSE Receiver

	UE Speed
	30km/h


2.2. Simulation Results
The simulation results are given in Figure 1 to Figure 4. Comparing the curves in the four figures, it can be seen that: The system throughput will be great degraded with the feedback delay increase. 
Take the value of BLUE curve (PB30km_1U4) corresponding to the SNR=10dB as an example: with the CQI feedback delay increases from 0.675ms to 4x0.675ms, The TP decreases from 0.85MHz to 0.6MHz，as much as 29.4 percent system throughput was lost.
The reason is that the CQI is not exact anymore with the increasing of time slot interval between UL and DL, the precoding matrix used in downlink maybe not the preferred precoding matrix for current instance in codebook based precoding; moreover, the MCS selection according to the UL channel maybe not suited too. Thereby, the precoding performance will be degraded significantly.
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FIGURE 1 UE speed=30km, time slot interval=0.675ms
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FIGURE 2 UE speed=30km, time slot interval=2x0.675ms
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FIGURE 3 UE speed=30km, time slot interval=3x0.675ms
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FIGURE 4 UE speed=30km, time slot interval=4x0.675ms

3. The Spectrum Feasibility of AFC for E-UTRA LCR TDD Uplink 
It is obvious that, to set up an Assistant Feedback Channel for E-UTRA LCR TDD CQI report, an additional spectrum besides the traditional TDD unpaired spectrum is indispensable. Whether this additional spectrum can be fond and can be used is the key to construct the Assistant Feedback Channel.

3.1. The Consentaneousness of Spectrum flexibility
In the section 8.2 of [2], the following principle of Spectrum flexibility has been settled:

b)
Support for diverse spectrum arrangements
1)
The system shall be able to support (same and different) content delivery over an aggregation of resources including Radio Band Resources (as well as power, adaptive scheduling, etc) in the same and different bands, in both uplink and downlink and in both adjacent and non-adjacent channel arrangements.
2)
The degree to which the above requirement is supported is conditioned on the increase in UE and network complexity and cost.
3)
 A "Radio Band Resource" is defined as all spectrum available to an operator.
 According to the above principle, an operator may use his spectrum flexibly as long as it is efficient. So, adopting an additional spectrum besides the traditional TDD unpaired spectrum to bear the Assistant Feedback Channel is in accordance with the principle prescribed in [3].

3.2. The Technical Feasibility of Using the Spectrum in different bands
In section 12.3 of [4], it has been point out that: With the progress of technology over time, some of the complexity restrictions may no longer apply, and allow reconsideration regarding addition of functionalities currently considered to be too complex, as well as functionalities currently not considered.
Today’s RF technique make the multi-mode multi-band terminal realistic. For example, the RDA8605 TD-SCDMA/GSM double mode RF chip developed by RDA Microelectronics can support the two TDD bands:2010-2050MHz,1880-1920MHz and four GSM band: 850MHz, 900MHz, 1800MHz, 1900MHz.
4. The Implementation of AFC Based CQI Report 
4.1. The Spectrum Selection for AFC

The AFC may use the spectrums either allocated for TDD system, as labelled “A” in figure 1, or allocated for FDD system, as labelled “B” and “C” in figure 1. Letting the AFC use the spectrum in the TDD band at the left side of 1920MHz is a rather convenient way, what need to do is just move the TDD/FDD isolation filter left wards. When an operator owns both TDD and FDD spectrum, the  spectrum labelled with “B” /“C” may be used as AFC spectrum. 

[image: image5]
Figure 5.  The Possible Spectrums for AFC Based CQI Report
4.2. The Implementation of AFC Based CQI
Select a group of DL time slot within one TDD radio frame alternatively, see figure 2, such as selecting the DL time slots of odd numbers (with red colour) or selecting the time slots of even numbers (with white colour), and allocate this group of time slot to one or a group of terminal(s). One example for the implementation of AFC based CQI is illustrated in Figure 2. After receiving DL signal using the Bi-directional spectrum in the DL time slot labelled with TS5, the terminal make channel parameter estimation in time duration “1” ,and than the terminal report the CQI data as an AFC bearer in the time duration “2” using the AFC spectrum  ( or one directional UL spectrum). The terminal(s) finish all adaptation during time duration “3” and make the second DL signal reception during the DL time slot TS7.  


[image: image6]
Figure 6.  The implementation of multiple CQI feedback within one TDD Radio Frame

5. Proposal
By decrease the CQI feedback delay from four TSs to one TS, as much as 29.4 percent system throughput gain can be obtained. To select the AFC spectrum, one way is just move the TDD/FDD isolating filter around the 1920MHz leftward. The benefits of adopting AFC described above for the LCR TDD is not limited to increase the system throughput, the HARQ delay can also be improved.
To comprehensively improve the performances of the E-UTRA LCR TDD system, we propose that the E-UTRA LCR TDD system support the AFC described above. 
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Sketch Map of a TDD Radio Frame 
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