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1. Introduction
Regarding CQI measurement, the following text is currently captured in TS36.213 Sec. 7.2.3 [1]: 

Based on an unrestricted observation interval in time and frequency, the UE shall report the highest tabulated CQI index for which a single PDSCH sub-frame with a transport format (modulation and coding rate) and number of REs corresponding to the reported or lower CQI index could be received in a 2-slot downlink subframe-aligned reference period ending z slots before the start of the first slot in which the reported CQI index is transmitted and for which the transport block error probability would not exceed 0.1.  

This contribution addresses the need for further refining the above text to address the time-domain and frequency-domain aspects of CQI measurement. 
2. Specification
In this section, the time-domain and frequency-domain aspects of CQI measurement are discussed,
2.1. Reference period in time-domain
The specification text in Section 1 can be illustrated by the timing diagram in Figure 1. Essentially, it requires that the reporting CQI should correspond to a recommended MCS for the past 2+z slots such that the expected BLER is upper bounded by 10%. 

[image: image1.png]CQl corresponds to MCS
(<=10% BLER) for 2+z slots

o [E]
. I

- - -
2 slots Zzslots 2slots
& ® \ g *—>
UE start receiving UE stop receiving UE start UE stop

PDSCH subframe PDSCH subframe transmitting CQI transmitting CQlI




Figure 1. Timing diagram for CQI reporting.

The above has the following implications:
· Although the reported CQI has to be valid (in the sense of meeting the ≤10% BLER target) within the past (2+z) slots, the specification does not explicitly restrict the number of subframes that can be used by the UE for CQI measurement or averaging. However, averaging over a very large number of subframes (>> 2+z slots) cannot be performed if the UE is to meet the specified requirement. Hence, an implicit restriction is introduced by means of performance requirement.
· Some additional RAN4 tests may need to be introduced to ensure that the UE does not introduce excessive amount of CQI back-off (reporting a CQI index which is sufficiently lower than the highest tabulated CQI index). With a large CQI back-off, the UE can easily meet the specified ≤10% BLER target at the cost of system throughput. This is analogous to the RAN4 tests designed for HSPA. 
· Different types of averaging can be performed, e.g. FIR filtering with a certain length, IIR (1-pole) filtering with a forgetting factor. Regardless of the method, the amount of averaging that can be done by the UE to meet the specified performance requirement depends on the channel and deployment conditions. For example, at low UE speed, longer averaging beyond 2+z slots can be performed to increase accuracy without violating the performance requirement within the 2+z slots. At high UE speed, on the other hand, the UE may not meet the performance requirement if averaging beyond 2+z slots is performed. This is essentially a bias-variance trade-off which the UE needs to determine, i.e. a UE implementation issue. 
The value of z needs to be specified. Two possibilities are:

· A single fixed z
· eNodeB or higher layer-configured z as suggested in [4]. That is, the eNodeB is assumed to be more familiar with the network condition (e.g. loading, interference property) as opposed to the UE. Hence, the UE averaging strategy can be configured based on such factor. 
The performance requirement for different scenarios is defined based on the value of z (i.e. 2+z slots). Hence: 
· If a single value of z is chosen, a small value such as z=1 or 2 seems to be preferred to accommodate a wide range of conditions (e.g. low to high UE speeds). Then, the amount of averaging at the UE is left as an implementation issue (e.g. based on the scenario) as long as the performance requirement within the 2+z slots is met. Note that z=1 is used in HSDPA [2] although 1 slot = 0.667ms in HSDPA (as opposed to 0.5ms for E-UTRA).
· This approach minimizes the number of test cases as a single z value is used. 
· On the other hand, the amount of time averaging at the UE may not be a good choice for a condition unknown to the UE (e.g. burstiness level of inter-cell interference). At the same time, the following can be done to counteract this problem:

· The eNodeB may compensate for this inaccuracy by some further signal processing. 
· Some tests can be specified in RAN4 to ensure that the UE meets a certain performance in such scenarios. 
· If z is higher-layer configured, a small set of values can be specified to represent different amount of time-averaging. In this case, at least one larger z value can be specified in addition to the small z value. 
· This approach results in an increase in the number of test cases. Obviously, a small set of values is preferred (e.g. 2 to 4). 
· However, the eNodeB may restrict the amount of time-averaging done at the UE based on the prevalent condition which is unknown to the UE. This may avoid the additional inaccuracy introduced by the eNodeB processing.  
2.2. Reference period in frequency-domain
In RAN1#52bis [3], some discussion took place regarding the need for specifying different reference period for interference measurement [5, 6]. Two approaches were identified [7]: 
Approach A: The reference period of CQI in frequency is given by CQI reporting bandwidth. The reference period of the interference part in frequency may be implicitly specified by RAN4 test on CQI.
Approach B: The reference period for the signal part in frequency domain is given by the CQI reporting bandwidth. The reference period for the interference part in the frequency domain is specified in RAN1 specifications. As the definition, at least two possible options are identified. Alt.1 is whole system bandwidth. Alt 2 is a partial system bandwidth (e.g. the set S to be defined in TS36.213). Other alternatives are not excluded.
From the above two alternatives, Approach A is preferred due to the following reasons:
· While it was argued that a single reference period (e.g. wideband as suggested in [5]) may be universally better, this cannot be ascertained. For instance, in a deployment scenario where the interference is more stable yet highly frequency-selective, the wideband reference period is clearly sub-optimal. With a wide range of interference scenarios, it is in fact for the benefit of the system to leave the reference period for interference measurement a UE implementation.
· In addition, specifying some tests to implicitly restrict the reference period for interference measurement may not be necessary. A better alternative is to simply specify some tests on CQI to ensure that a certain performance requirement is met by the UE under the relevant scenarios.  
· It could also be argued that some degree of eNodeB control can be asserted by specifying a set of frequency-domain reference periods for interference measurement (analogous to that for time-domain reference period). However, note that the time-domain reference period for interference measurement is not separately specified from that for CQI. In addition, the frequency-domain reference period for CQI is by default the CQI reporting bandwidth. 
3. Conclusion
This contribution addressed the time-domain and frequency-domain reference periods for CQI measurement:

· Time-domain reference period: Two alternatives with advantages and drawbacks were discussed:

· Alt 1: Specify a single fixed z (e.g. 1 or 2) and allow the UE implementation to adjust the amount of time-averaging as long as the “2+z performance requirement” is met.
· Alt 2: eNodeB-configured z (from a small set of values) which restricts the amount of time-averaging performed by the UE.  
· Frequency-domain reference period: The reference period of CQI in frequency-domain is given by CQI reporting bandwidth. The reference period of the interference measurement is not specified in RAN1. Some RAN4 tests may be defined to ensure that the UE meets a certain performance requirements in the relevant scenarios.
The above recommendation is captured in the following refinement of the text in TS36.213 Sec. 7.2.3. The refinement regarding the value of z depends on whether a fixed or configurable z is chosen:

Based on an unrestricted observation interval in time and frequency, the UE shall report the highest tabulated CQI index for which a single PDSCH sub-frame with a transport format (modulation and coding rate) and number of REs corresponding to the reported or lower CQI index could be received in a 2-slot downlink subframe-aligned reference period ending z slots before the start of the first slot in which the reported CQI index is transmitted and for which the transport block error probability would not exceed 0.1.
When configured for a wideband CQI reporting, the above requirement shall hold assuming that the received PDSCH subframe occupies the entire system bandwidth.
When configured for a subband CQI reporting, the above requirement shall hold assuming that the received PDSCH subframe occupies each of the corresponding subbands.
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