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Introduction
In the RAN WG1 meeting #52bis in Shenzhen the CQI measurement methodology was discussed. While there seems to be general consensus regarding many of the related aspects, RAN1 still found it necessary to as for guidance from RAN4 in form of a liason statement [1] on certain specific issues. The contents of the LS a copied below: 
---------------------------------------------------------------

1. Overall Description

RAN1 thanks LS on CQI reporting requirements for E-UTRA UE. As CQI definition requires close collaboration between two WGs is necessary, RAN1 would like to report the status of current discussion of the definition of CQI reference period. Following is the status of the discussion.

Two methodologies are under the discussion. In both approaches, RAN1 specifications define the reference period in frequency and time. The reference period in time is specified in TS 36.213 section 7.2.3 as of today.

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.

Note that either approach above does not mandate a certain UE implementation for the CQI measurement as similar to the definition of HSDPA.

2. Actions:

RAN4 is informed above discussion. Comment on above topics is appreciated.

------------------------------------------------------------------

1. CQI reporting options 
In order to be able to utilize the gains from frequency dependent packet scheduling the RAN1 has specified several different option for CQI reporting. The main options are shortly summarized below (for simplicity the PMI feedback has not been considered). A detailed description of the CQI reporting mode can be found in [2]:

1. Wideband CQI: A single CQI value is reported for the whole reporting bandwidth
2. UE selected subbands feedback a.k.a. Best-M average: The reporting bandwidth is divided into subbands of N PRBs. The UE reports one wideband CQI value. The also UE selects a set of M preferred subbands and reports another CQI value assuming the UE is scheduled on those subbands. Additionally the UE reports the positions of the selected M PRBs. Both M and N are constant for a given system bandwidth option
3. Higher layer configured subbands feedback: The reporting bandwidth is divided into subbands of 2*N PRBs. The UE reports one wideband CQI value and additionally a CQI value for each of the subband.
In the RAN1 LS a reference is also made to the “Set S”. It has been earlier agreed that the eNodeB can define a semi-statically configured Set S which may potentially limit the CQI reporting to cover only a fraction of the whole system bandwith. However, it is still unclear in RAN1 whether a Set S other than the whole system bandwidth will be specified or not.

2. Reference period and bandwidth for CQI measurement
In order to be fully able to utilize the CQI report in scheduling decision, both the eNodeB and the UE need to have a common understanding on what the CQI report relates to. As the exact way UE obtains the estimate of the CQI cannot and should not be specified the main focus should be agreeing clear and simple definition of CQI reference period in time and frequency domain enabling common understanding of the measure between UE and eNB. Naturally the definition should be such that it is beneficial and usable from the dynamic frequency domain packet scheduling perspective. Furthermore having unambiguous definition will facilitate the verification of the interpretation by RAN4 requirements. Therefore the number of different configurations in CQI definition should be limited.

The problem of measurement definition can be divided into two parts:
· Reference period for the CQI measurement

· Reference bandwidth for the CQI measurement and the interference
In their LS to RAN4 the RAN1 asks for specific guidance on the latter point.

In the LS sent by RAN1, two possible approaches have been presented. First alternative considered by RAN1 was that  the reference period for the CQI is set by the selected reporting bandwidth (wideband, selected sub-band etc.). In context of this approach (approach A) it considered that the reference period for the interference part would be set by RAN4 requirements. In the second approach (Approach B) it is proposed that separate reference periods are defined for signal part and interference part in RAN1.  
In context of UTRAN CQI verification RAN4 received a LS from RAN WG5 in RAN4 meeting #42 related to problems observed in CQI reporting test case in fading condition [4].  IT was seen that the problem observed by RAN5 would relate to excessive averaging of the CQI (in time domain). Work related to this have continued in RAN4 and possible new requirement scenarios are being considered. However, as found out during this process it may be difficult to find a simple requirement that would implicitly verify that the UE limits for example its averaging to reasonable levels. Also it should be noted that some level of averaging can be considered beneficial to the system performance. The work related this has not yet been concluded in RAN4, but in light of this it would seem preferable that RAN1 would determine the reference periods as they can be considered to be general requirements. This would give some guidance to UE and eNB PS scheduler designers and hopefully achieve more consistent behaviour. RAN4 could then focus deriving most feasible way to verify the compliance. This is inline with  the traditional thinking used by RAN4 for example in case of RRM requirements, where general requirements have been set and then create test cases verifying the compliance in selected scenarios. Thus it is felt that Approach B given in RAN1 LS would be more desirable. 
As an additional sub-options for Approach B different alternatives were considered for the interference reference period. The straightforward way of defining the CQI measurement is to not to separate the CQI and interference measurement bandwidths, i.e. have the reference bandwidth for signal equal to the reference bandwidth for the interference. Considering the CQI reporting options listed above, for Wideband CQI this is a natural approach. However, as shown in [3], with frequency selective CQI reporting schemes selecting the reference bandwidth as the whole system bandwidth leads to better of equal performance in considered scenarios. This seems to be primarily caused by the nature of rapidly varying interference which makes it hard to get a meaningful interference estimate for a narrow sub-band. Also from verification perspective having single easily understandable definition for the interference averaging would seem attractive. Naturally if it can be shown that there is some significant system performance benefit allowing alternative interference reference period it should not be precluded,  but it would be preferable if this could be limited to for example selected CQI reporting scheme to avoid excessive verification burden. Considering  for example UE selected sub-bands reporting a.k.a. Best-M average would seem most promising in this respect.
3. Conclusion
In this contribution we have discussed different aspects related to the CQI reference period raised in LS received from RAN1 [1]. It is felt that in order to ensure least ambiguity and good common understanding of the purpose of the CQI it would be preferable that RAN1 would define the reference period for both signal and interference part in corresponding specification. Thus in our view the approach B indicated in the RAN1 LS is prefferred.  In relation to the options indicated in Approach B, it is felt that assuming single interference reference period (e.g. whole system bandwidth) would be preferable. However if it is felt that some different interference reference period would give significant benefit from system perspective this could be also considered, but in terms of implementation and verification complexity it would be preferable to limit this alternative reference period to selected CQI reporting scheme. It is proposed to send LS to RAN1 indicating these issues.
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