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1. Introduction

RAN WG1 has investigated the total cell throughput improvement by the frequency selective scheduling method fro LTE, since it is an OFDMA system. For this purpose, UE has to measure downlink channel quality over the full system bandwidth and report it to the eNodeB as CQI feedback. However, CQI information over the full system bandwidth is too large to transmit on the uplink, thus we have to further investigate more details of the  CQI feedback design in stage 3, to realize efficient CQI feedback and frequency selective scheduling. Various proposals, such as DCT based scheme [4]

 REF _Ref161140679 \r \h 
 \* MERGEFORMAT [5], best-M based scheme [6]

 REF _Ref161140688 \r \h 
 \* MERGEFORMAT [7], Differential reporting[8], threshold based scheme[9], Bitmap based scheme[13], etc. have been proposed for the CQI feedback design and their pros/cons have been considered. 

The most important thing to consider about CQI feedback should be, how can we achieve effective frequency selective scheduling, to realize the best total cell throughput. We know that frequency selective scheduling works effectively for some UEs but not so effectively for other UEs, corresponding to their situation such as the UE speed, etc. In recent meetings, it was proposed to prepare two or more CQI report formats and switch between them based on the UE speed (PS - not clear – what is moving speed of channel quality?)[10][11]

 REF _Ref161141708 \r \h 
 \* MERGEFORMAT [12]

 REF _Ref161141360 \r \h 
 \* MERGEFORMAT [13]

 REF _Ref161141710 \r \h 
 \* MERGEFORMAT [14]. From the viewpoint of total cell throughput, Sharp also would like to support multiple CQI report formats as an effective solution.

2. Pros/Cons of CQI Reporting options
The following should be  points to be considered for effective CQI reporting.

(a) Delay between measurement and application 
For the mobile cellular system, we have to assume the time varying channel profile. When coherence time of the channel is too short, the received CQI report at the eNodeB may be too stale to work effectively [2]

 REF _Ref161041760 \r \h 
 \* MERGEFORMAT [3] .
(b) Overhead of CQI report
When we report 5bits = 32 level CQIs for all resource block in a 20MHz system bandwidth system, we need 500bits per UE, and this overhead is not acceptable. On the other hand, if we compress the CQI information by some scheme, the performance of the frequency selective scheduling may be degraded.
(c) CQI reporting period
As above, we need frequent enough CQI reporting to track to the channel Doppler spread, but frequent CQI reporting means it consumes large uplink resources.
(d) Conflict of desired resource block 
It is natural that a good resource block for a UE may also be good resource block for another UE. This conflict rate increase rapidly with the increasing number of UEs in the cell, and then the eNodeB can not schedule downlink resources effectively [2]. It may not be enough to optimize total cell throughput by scheduling only by the absolute CQI value.
(e) Integration time of CQI measurement
We need enough integration time to measure stable CQIs, but long integration times might deteriorate accuracy, because channel coherence is lost [3]. And it is clear that the longer integration times result in longer delays.
3. Need for multi-format CQI report

The pros/cons of various CQI reporting schemes have been compared in section 2 above, we think it is worth examining multi format CQI reporting schemes in which we prepare two or more CQI reporting schemes and switch between them based on the speed of the channel profile.
The UE can measure some indicator which corresponds to the speed of the channel by measuring downlink reference signals, as shown in Figure 1. Moreover, this indicator may also be used in eNodeB. Since it is valuable to schedule UEs to achieve optimized total throughput, knowing not only CQI report but also the speed of the channel for each UE is important.
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Figure 1 switching of multi format CQI report

As an example of possible CQI format combinations, switching among {Full-CQI, best-M, average CQI only} can be considered here. And it should also be investigated if it is possible to switch between these schemes in the UE, to reduce the signaling in Figure 1.

4. Simulation to determine the optimum switching point between different CQI Schemes
Before considering the details of the switching scheme, we tried a simple experiment. Trials are based on the best-M method, since best-M might be simple example to observe to observe the behavior. In following experiments, we used typical urban (TU) channel model for 10MHz band width system (50RBs) and tested velocity are {0.3km/h, 3km/h, 15km/h and 30km/h}.
Figure 2 shows the relative CQI values of best-1 RB between the time it is measured and its value later in time. We can see from these results that the CQI level has already been at the average level at a 7 TTI distance on the TU30 channel and at a 13 TTI distance on the TU15 channel. From Figure 2 we can confirm that the preferred channel quality of the chosen best resource block will be lost in just a few TTI periods when the  speed of the channel profile is large. However the 1( range for TU15 and TU 30 are not shown in the figure, they have almost similar ( value to total ( value except a few TTI periods.
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Figure 2 Change of CQI value at best-1 position
We have also observed how we can utilize the gain from frequency selective scheduling from another view. Assuming best-M based CQI report and M=5 for the test condition, we watched the remaining ratio of chosen best-M resource blocks in later TTIs. Figure 3 shows how many RBs of the chosen best-5 RBs remained in a 10 TTIs time frame. Pink indicates the case that all 5 chosen RBs remained in the following TTI, and blue indicates the case that any of 5 chosen RBs did not remain in the best 5.
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Figure 3 probability of remaining in best RB
From Figure 3, we can read:

· With TU0.3 : the chosen best-5 RBs at the time of measurement can remain in the best-5. 
Even 10 TTIs later, 85% of the channel can keep the original best-5.

· With TU30 : the chosen best-5 RBs can lose their benefit in a few TTI periods. 
In the 85% case, 4RBs of the chosen 5RBs have already not been in the  best-5 RBs at a 7 TTI distance.

We can confirm again from these two observation results that (1) frequency selective scheduling can work very effectively when the channel speed is slow, (2) frequency selective scheduling gain can be lost very rapidly with an increase of channel speed. So we should introduce multiple CQI formats and a switching mechanism between them to satisfy both frequency selective scheduling gain for low mobility UEs, and less UL control channel overhead for high mobility UEs.
5. Conclusion

We considered the scheme to prepare multiple CQI report formats and switching between them based on the speed of the channel profile. We think such kind of a mechanism can provide enough CQI information for the effective frequency selective scheduling for slow moving UEs, and at the same time, it can save uplink resource for the fast moving UEs. Therefore details of such method should be investigated during the stage 3 discussions.
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