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1. Introduction
The following was decided in RAN1#54 and included in TS36.213 v8.4.0 [1] Section 7.2.3:

The CQI reference resource is defined as follows:

· In the frequency domain, the CQI reference resource is defined by the group of downlink physical resource blocks corresponding to the CQI reporting band to which the CQI report relates.

· In the time domain, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref  where nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe. A downlink subframe shall be considered to be valid if it is configured as a downlink subframe for that UE and is not an MBSFN subframe.
· In the layer domain, the CQI reference resource is defined by any RI and PMI on which the CQI is conditioned.
The implications of such description are as follows:
· For FDD unicast transmission which is not multiplexed with MBSFN, 
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· For TDD or FDD unicast transmission which is multiplexed with MBSFN subframes (unicast-multicast multiplexing),  
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 depending on the arrangement of DL unicast subframes. 
· The same reference period is used for both periodic and aperiodic CQI reporting. The reference period introduces 
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 subframes of CQI delay (Ta denotes the UL timing advance) which could be used for CQI computation at the UE side. As expected, larger CQI delay is not beneficial for system performance as it adds up onto the CQI inaccuracy. Note that some additional CQI delay comes from the eNB side due to the processing of the UL transmission. 
In this contribution, we study the necessity of 
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 for periodic and aperiodic CQI reporting. It is concluded that while 
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 may be reasonable for aperiodic CQI reporting on PUSCH, 
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is more suitable for periodic CQI reporting on PUCCH. 
2. CQI Reference Period for Periodic and Aperiodic Reporting
The initial proposal [2] is essentially equivalent to
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 which can be compared with 
[image: image8.wmf]4

,

³

ref

CQI

n

 in Figure 1 below. Here, we assume FDD unicast-only transmission. 
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Figure 1: Comparison between 
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From the UE processing perspective, the following operations are involved in CQI computation starting from the instance when the reception of the reference DL subframe is completed up to the starting of the UL subframe containing the CQI report (see Figure 1):
1. The reception of additional (0.5-ms) slot which is utilized to improve channel estimation. While this may not be possible for TDD, it is still possible for FDD unicast transmission which is multiplexed with MBSFN subframes. This is because the first 2 symbols of an MBSFN subframe contain the unicast cell-specific RS. 
2. Additional computation for channel estimation (e.g. time and frequency interpolation)

3. CQI computation from the channel estimates
4. Pre-generation/computation of the UL data (PUCCH or PUSCH) to be transmitted
Hence, the above processing consumes (0.5ms +  + TCQI). Here,  is the total time for some additional computation for channel estimation and pre-generation of the UL data which is expected to be small. 
Now, assuming the worst-case UL timing advance of 0.67ms, the available UE processing time is as follows:
· 
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Note that 
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 rules out the possibility of utilizing the additional slot to improve channel estimation and hence is not considered. The CQI computation time of TCQI = 0.83ms -  is expected to be more than sufficient even for the most detailed aperiodic CQI reporting. Hence, 
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 seems to be the most desirable choice in terms of minimizing the CQI delay. 
For aperiodic CQI reporting on PUSCH, the following considerations may favour the use of 
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· 
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 is aligned with the amount of time in which the UE responds to the UL grant (see Section 8 of TS36.213[1]). While the reference subframe may take place between the DL subframe containing the UL grant and the UL subframe containing the CQI report, choosing the reference subframe to be the DL subframe containing the UL grant avoids the necessity of having an additional DL subframe between the two subframes. Such necessity could be problematic for TDD as well as FDD unicast-multicast multiplexing. This is illustrated in Figure 2 with 
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· It could also be argued that choosing the reference subframe to be the DL subframe containing the UL grant avoids the UE from having to “wake up” for another subframe after decoding the UL grant. Hence, some power saving can be obtained. However, the additional power saving is expected to be small (even with micro-sleep) since the UE still needs to wake up in every DL subframe to read the downlink control channels. 

Hence, the main reason for choosing 
[image: image22.wmf]4

,

³

ref

CQI

n

 for aperiodic reporting is to avoid the necessity of having another valid DL subframe between the reference DL subframe and the UL subframe containing the CQI report.
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Figure 2: 
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for aperiodic CQI reporting
The above problem, however, does not apply to periodic CQI reporting on PUCCH including its piggybacking onto PUSCH as the CQI reporting is not triggered by an UL grant. Hence, 
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 seems preferred in this case. While it seems nice to maintain the same definition for periodic and aperiodic CQI reporting, there does not seem to be any technical reason to do so.  
3. Conclusion

The necessity of 
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 for periodic and aperiodic CQI reporting was studied. For aperiodic CQI reporting on PUSCH, 
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 may be suitable only to avoid the necessity of having another valid DL subframe between the reference DL subframe and the UL subframe containing the CQI report (which couldbe problematic for TDD and FDD unicast-multicast multiplexing). However, such problem does not apply to the periodic CQI reporting on PUCCH. This implies that 
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 is more suitable for periodic CQI reporting as it provides an ample UE processing time for CQI computation while avoiding some unnecessary increase in CQI delay. Although it seems nice to maintain the same definition for periodic and aperiodic CQI reporting, there does not seem to be any technical reason to do so.  
Based on the above analysis, it is proposed to refine the corresponding text in TS36.213 with the following draft CR: 
-------------------------------------------------- Start draft CR for TS36.213 --------------------------------------------------
7.2.3
Channel quality indicator (CQI) definition

….
The CQI reference resource is defined as follows:

· In the frequency domain, the CQI reference resource is defined by the group of downlink physical resource blocks corresponding to the CQI reporting band to which the CQI report relates.

· In the time domain, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref  where nCQI_ref  is the smallest value greater than or equal to 4 for aperiodic CQI reporting and 3 for periodic CQI reporting, such that it corresponds to a valid downlink subframe. A downlink subframe shall be considered to be valid if it is configured as a downlink subframe for that UE and is not an MBSFN subframe.
· In the layer domain, the CQI reference resource is defined by any RI and PMI on which the CQI is conditioned.
-------------------------------------------------- Stop draft CR for TS36.213 --------------------------------------------------
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