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1. Introduction 

This is a follow-up contribution to [1] where a CQI requirement for uneven interference was proposed. Since the proposal [1] was discussed, there have been more proposals discussed regarding frequency selective delta CQI reporting [2][3]. In both [2] and [3], test methodologies have been proposed based on PUSCH 3-0 to ensure accurate reporting of channel variation over the frequency domain. In this contribution, we give our view regarding the interference averaging bandwidth and propose to slightly modify the tests suggested in [2] and [3] for proper interference averaging.  
2. Discussion 

According to 36.213, “the UE shall report in uplink subframe n the highest CQI index in Table 7.2.3-1 which satisfies the following condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CQI reference resource, could be received with a transport block error probability not exceeding 0.1.”

For reporting the CQI value, the UE has to estimate the propagation channel conditions to its serving cell and estimate the interference plus noise term over the CQI reference resources. In the case of subband CQI, the CQI reference resources refer to the specific subband that the CQI is intended for. Proposals were made to use a wide band interference averaging instead of subband interference averaging.  The motivation for that proposal is that a wide band interference average is more reliable due to better averaging of interference statistics and load variations.  However, under certain set of interference scenarios the wideband interference averaging approach for CQI reporting will not satisfy the requirement defined in 36.213 and could lead to significant performance loss. 

In our view, to arrive at a conclusion regarding the most suitable interference averaging method, other important scenarios should also be considered. These scenarios include: 

1. Adjacent channel interference:  When the UE is close to an interfering eNB on the adjacent channel, the interference is expected to be stronger in the edge RBs closer to the interfering signal.  One advantage of an OFDM system is that the capacity loss can be minimized by allocating DL transmissions for the impacted UE on the RBs that are interference free.  This requires subband based interference measurements.  The existing uneven interference in this case is non-time varying

2. Heterogeneous deployments:   One possible network scenario for pico cells or femto cells is partial cochannel deployment. In this case, there is a macro network overlay, within which pico or femto cells can be deployed on a smaller bandwidth or can be configured to schedule active traffic over a few selected subbands.  The advantage of such deployments is that the UEs can always access the macro network on at least some parts of the DL BW.  These types of deployments can create significant non time varying interference power offsets between subbands.  UEs capable of only wide band interference measurements would be disadvantaged because they would not be able to indicate the best DL frequency segment on which to receive DL data.
3. Fractional frequency reuse for edge user performance enhancement: Interference limited users at the cell edge could often benefit from interference avoidance techniques such as fractional frequency reuse, where different sub-bands could have different reuse factor. Considering a sectorized system with 3 cells/site and 8 total subbands. In every cell of color {(, (, (}, subbands {[0,1], [2,3], [4,5]} are left unused and subbands [6,7] are used in all cells. An FFR scheme like this creates high SINR (low interference) subbands at the hand over region between any two cells. Figure 1 shows the cell edge geometry improvements with the scheme described above based on 21 cell wrap-around dense urban simulations. For cell edge UEs, the low interference subbands could have SINR up to 10 dB higher compared to wideband SINR. However, these performance gain is only available if the interference variation could be captured in the subband CQI reports.
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Figure 1 Geometry improvemen for edge users over selected FFR subbands

Based on the above considerations, we feel that in order to come to a conclusion on the optimum interference measurement reference BW, the listed network scenarios, and possibly others should be considered.  

2.1 Subband CQI reporting with frequency selective interference
We believe that it is not the best solution to mandate a particular interference measurement reference BW.  The UE can make a better determination, based on its longer term observation of the interference pattern, of the most appropriate reference BW. If the interference pattern doesn’t exhibit static power offsets between subbands then a wider reference BW is more appropriate; if static power offsets are observed then a wider reference BW would degrade performance so a narrower reference BW would be more appropriate.  

We recognize that it is beneficial to maintain consistency, i.e. to make sure that all UES report CQI on a similar basis.  This can be ensured by appropriate test requirements.  For example, subband CQI test requirements have been already proposed in order to make sure that the UEs don’t make use of very wide frequency averaging for CQI [2][3].  We propose to modify and reuse the test methodology in [3] for the frequency domain interference averaging test.  
We propose to use an interference source with two levels in frequency, where the interference levels over RBs with lower and higher indices have a fixed power offset. In the following simulations, an offset of 9 dB is used for testing. The proposed channel is a static channel with a power setting such that the average SNRs are 8 and -1 dB over the lower and higher frequencies. 
Additional simulation parameters include: 10 MHz system bandwidth, subband size 6 RB, CQI reporting mode PUSCH 3-0, CQI reporting period 2 ms.

2.1 Simulation Results

The subband delta CQI statistics are shown in Figures 2 and 3 for different interference averaging parameters. The results shown in Figure 2 correspond to an interference estimation algorithm based on averaging over each subband. As expected, the subband relative CQIs for subband 0 to 3 are either at offset level +1 or +2 due to low interference level, while the subband relative CQIs for subband 4 to 8 are all at offset level -2. The median wideband CQI level is shown to be 6 and the overall relative CQI offset levels are shown to occur with frequency [50.0%, 0%, 10.2%, 39.8%].
[image: image2.emf]Median WBCQI 6, [50.0%, 0.0%, 10.2%, 39.8%]
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Figure 2 Subband delta CQI distribution with interference averaging over each subband

The results shown in Figure 3 correspond to an interference estimation algorithm based on averaging over the whole bandwidth. The subband relative CQI is shown to focus mainly on offset level 0 with no occurrence at offset level +2. It is also observed that the relative CQIs cross all sub-bands have similar statistics. The median wideband CQI level is shown to be 4 and the overall relative CQI offset levels are shown to occur with frequency [13.1%, 71.1%, 15.8%, 0%].
[image: image3.emf]Median WBCQI 4,  [13.1%, 71.1%, 15.8%, 0.0%]
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Figure 3 Subband delta CQI distribution with interference averaging over the whole bandwidth

Note that the wideband CQI with whole-bandwidth interference averaging is significantly less than the wideband CQI of per-subband interference averaging, which could be explained using the convexity of SNR computation. Consequently, there will be a significant capacity loss if whole-bandwidth interference averaging is used for CQI computation. Another significant performance issue is that the whole-bandwidth interference averaging algorithm underestimates the interference level for high interference subband. This could lead to large frame error rate and further capacity loss.
A throughput test could be used to demonstrate the large capacity loss of whole-bandwidth interference averaging with frequency selective interference. However, we believe it would be sufficient to put a requirement on the subband relative CQI offset occurrence statistics similar to tests proposed for frequency selective channel CQI reporting. 
2.1 Proposed Test Methodology

As proposed in [3], we could test the sub-band reporting by verifying the occurrence of the differential CQI offset level +2 reports. The occurrence of these levels should be in a range of percentiles.

Single antenna transmission is assumed and PUSCH 3-0 is the reporting mode (no conditioning on PMI). The same basic setup is used for FDD and TDD (for which one can use the same uplink downlink and special subframe configuration as in other tests). The only modification to the test in [3] is the channel and interference setup. The channel is static and the interference is frequency selective. 
A framework for a text proposal is shown below.

Minimum requirement
For the parameters specified in Table 1, a sub-band differential CQI offset level of +2 shall be reported at least  % of the time but less than % cross all sub-bands of full sub-band size. The minimum requirements are shown in Table 2. The suggested requirements are = 35% and  = 55% based on results in Figures 1 and 2.
Table 1 Sub-band test for single antenna transmission

	Parameter
	Unit
	Test 

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)
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for RB 0…24
	dB[mW/15kHz]
	[-102]
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for RB 25…49
	dB[mW/15kHz]
	[-93]
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	dB[mW/15kHz]
	[-94]

	Reporting period
	ms
	TBD ms

	Reporting mode
	
	PUSCH 3-0

	Subband size
	RB
	6

	Propagation channel
	
	static

	Max number of HARQ transmissions
	
	[1]



Table 2  Proposed minimum requirement
	 [%]
	 [%]

	[35]
	[55]


Note that the use of higher SNR test conditions can be evaluated. 
3. Conclusions

We have discussed the UE CQI interference measurement bandwidth. Scenarios have been presented, for which wide band interference measurement would not seem appropriate.  It was proposed that the measurement bandwidth should not be specified but appropriate testing should be used instead to ensure the proper UE behaviour. Performance issues with whole-bandwidth interference averaging in CQI measurement have been demonstrated through simulations.
A modification to the test methodology for subband CQI testing over frequency selective channel [2][3] has been proposed. Minimum requirement values have been suggested based on simulations.
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