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1. Overview
At the RAN1#51bis meeting the bit length of CQI values and the application of bit compression schemes has been fixed as follows [1]. 

2) CQI bit length

-
4-bit wideband CQI 

-
2-bit subband differential CQI 

-
3-bit spatial differential CQI for zero and small delay CDD for MIMO support

So, whereas 2 bits are deemed sufficient for differential values in frequency domain, at least for zero and small delay CDD, 3 bits are considered necessary in spatial domain. This contribution analyses the compression potential in spatial domain and confirms a moderate reduction only approach in spatial domain. 
Already during recent RAN1 meetings, the introduction of a delta CQI scheme in spatial domain has received considerable attention, because the scheme allows the reduction of the number of bits needed for CQI transmission in case of MIMO rank exceeding 1 scenario involving the simultaneous spatially parallel transmission of two code words. Basic descriptions of the delta CQI scheme can be found in [2] and [3]. Simulative evaluations of the scheme can be found in [4] and [5]. 
Introducing the delta CQI scheme yields benefits in terms of reduced signalling overhead at least in UL. On the other hand, there will be situations, in which the second CQI deviates more from the first one than the delta CQI scheme can cover. In this case a loss in throughput is unavoidable. So, the reduction in signalling overhead has to be weighted against the loss of throughput. 
Analysis provided in [4] and [5] have shown quite moderate losses in terms of throughput. 
This contribution analyses the performance of the delta CQI scheme in terms of statistics. A significant variability between different configurations and channel situations has been found. The (-CQI values probability density function has a quite flat characteristic, which implies significant throughput losses. The results of some important scenarios reveal an only very limited compression potential. 
Section 2 deals with the overall feedback overhead. Section 3 briefly outlines the delta CQI scheme, and Section 4 provides an outline of the evaluation scenario. Section 5 provides simulation results. Section 6 concludes the paper. 
2. Uplink Overhead Estimation

Basic LTE features like frequency selective scheduling or closed-loop MIMO techniques require a considerable amount of feedback. Most notably the following parameters have to be covered. 
· Wideband CQI

· Subband CQI

· Precoding Matrix Index (PMI)

· Rank information

Following decisions at the RAN1#51bis meeting, a subband size of 4 RBs is assumed for the CQI calculation and hence for the overhead calculation. With regard to MIMO, the same granularity is assumed for the PMI, whereas the rank information is transferred once over the whole band. If the MIMO mode allows supporting two parallel codewords, then two CQIs are transferred. 
Table 1 shows the overhead related to 5 MHz bandwidth system without any overhead reduction. Table 2 incorporates the overhead reduction assumptions as decided at RAN1#51bis Seville meeting. The MIMO overhead in both tables has been coloured. It should be noted that the overall number of bits that are saved by reduction of the number of MIMO bits by 1 bit equals to 8 bits. So, compared to the overall overhead of 87 bits in the uncompressed case and 65 bits in the compressed case, the reduction potential related to the MIMO overhead is rather limited. 
The resulting overhead in the compressed case still equals to 65 bits, although already 4 RBs are combined to a subband. 

This contribution evaluates the MIMO case and analyses the impact of the bit reduction of the delta CQI scheme.

	Parameter
	Bits (1 CW)
	Bits (2 CW)
	Bits (1+2 CW)
	x per band
	Sum (Bits)

	Wideband CQI
	4
	4
	8
	1
	8

	Subband CQI
	4
	4
	8
	7
	56

	PMI
	3
	-
	3
	7
	21

	Rank
	2
	-
	2
	1
	2

	Sum
	
	
	
	
	87


Table 1: Feedback overhead estimation without any reduction
	Parameter
	Bits (1 CW)
	Bits (2 CW)
	Bits (1+2 CW)
	x per band
	Sum (Bits)

	Wideband CQI
	4
	3
	7
	1
	7

	Subband CQI
	2
	3
	5
	7
	35

	PMI
	3
	-
	3
	7
	21

	Rank
	2
	-
	2
	1
	2

	Sum
	
	
	
	
	65


Table 2: Feedback overhead estimation with the reduction scheme incorporating RAN1#51bis decisions
3. Delta CQI Scheme
The delta CQI scheme is described using the terminology from [3]. As soon as a MIMO spatial multiplexing transmission is supported by the antenna configuration, the UE calculates CQI 1 and CQI 2. When introducing a delta CQI scheme, one of these e.g. CQI 1 is designated as CQIbase and the other one – in our case CQI 2 – is characterised via CQIdelta. The CQI has been defined in terms of transport formats. Still, it can be assumed that the system of transport formats establishes a corresponding system of power ratio steps. In the remainder of this document such a system with an approximate step size of 1 dB is assumed. Therefore, when interpreting the CQI as some power ratio like SNR, then CQIdelta expresses the actual difference between CQI 1 and CQI 2 in the logarithmic domain in dB. 
Since CQI 1 and CQI 2 are correlated, the dynamic range of CQIdelta is reduced compared to CQIbase. This allows providing a lower number of bits for the encoding of delta CQI. 
Since CQIdelta is a random variable and reflects the dynamics of the spatial channel characteristics, the bit reduction for the representation of the delta CQI implies an inaccurate representation of the CQIdelta in some cases. As a consequence, there is a loss of throughput. 
This throughput loss has been analysed in [4] and [5]. The overall throughput loss is judged to be quite limited. 
As outlined in the next section, the analysis of this contribution takes a somewhat different approach. 

4. Analysis Outline

Whereas in [4] and [5] detailed CQI schemes are studied, this contribution focusses on the evaluation of the underlying (-CQI statistics. As outlined in the previous section, this contribution focuses on SNR. To characterise the SNR of the individual code words, the post detection MMSE noise estimation is used. So the (-CQI is implemented via (-SNR. This (-SNR is a random variable and dependent on the channel statistics as well as on the detection process. In the simulation the PDF as well as the CDF- which is more important in this context - has been derived.  

5. Simulation Results

5.1. Small Antenna Spacing
The small antenna spacing scenario evaluated is characterised as listed below. 
· Channel type: Urban macro

· Speed: 3 km/h

· Antenna spacing: (/2

The corresponding CDF is depicted in Figure 1. 

Taking a look at the 10% and 90% points of the CDF, it reveals corresponding (-SNR values of 
+/-2.8 dB.

The small antenna spacing scenario is therefore well suited for the application of a delta CQI scheme. 
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Figure 1: Evaluation of delta CQI for small antenna spacing
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Figure 2: Evaluation of delta CQI for antenna spacing of 4λ
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Figure 3: Evaluation of delta CQI for antenna spacing of 10λ
5.2. Large Antenna Spacing: 4(
This large antenna spacing scenario is characterised as listed below. 

· Channel type: Urban macro

· Speed: 3 km/h

· Antenna spacing: 4(
The corresponding CDF is depicted in Figure 2.

Taking a look at the 10% and 90% points of the CDF, it reveals corresponding (-SNR values of 
+/-10 dB.

Assuming an approximate distance of 1dB between the transport formats used in the CQI calculation, it is apparent that this large antenna spacing scenario is not suited for the application of a delta CQI scheme. 

5.3. Large Antenna Spacing: 10(
The large antenna spacing scenario evaluated is characterised as listed below. 

· Channel type: Urban macro

· Speed: 3 km/h

· Antenna spacing: 10(
The corresponding CDF is depicted in Figure 3. 

Taking a look at the 10% and 90% points of the CDF, it reveals corresponding (-SNR values of 
+/-12 dB.

Assuming an approximate distance of 1dB between the transport formats used in the CQI calculation, it is apparent that this large antenna spacing scenario is not suited for the application of a delta CQI scheme. 

6. Conclusion

The delta CQI scheme has been evaluated. A significant susceptibility of the results to the specific scenario especially with regard to antenna spacing has been identified.
Reducing the number of bits in the delta CQI scheme implies significant performance losses in important configurations such as large antenna spacing. 

The overall results suggest that a reduction of 4 bits to 3 bits for the delta CQI scheme is already rather critical and should represent an absolute lower bound also in that cases where it has not yet been fixed at the RAN1#51bis meeting. 
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