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1
Introduction

Discussions on CQI reference subframe definition took place during RAN1#63bis and subsequently via RAN1 email discussions.  Several text proposals were submitted and discussed over the email reflector. We provide our views in this contribution. Our conclusion is that the Text Proposal provided by Ericsson on the email reflector (See Appendix) is clear and concise and covers both the aperiodic and periodic CSI reporting. Hence we propose that it be accepted by RAN1.  

2
Discussion

In Release 10, time restricted CSI measurements may be enabled by for a UE configuring 2 subframe subsets for CSI measurements (CCSI,0 and CCSI,1) per UE via higher layer signalling. In addition, it was further agreed in RAN1#63bis that for periodic CSI reporting, the eNB can configure either 1 or 2 sets of periodic reporting parameters (periodicity, offset) and avoidance of collisions is left to the eNB. 

How a UE derives the CSI measurements should be left as a UE implementation issue. Impact to existing CSI measurements and testing will be addressed in RAN WG4.  It is noted that RAN WG4 is addressing time restricted CSI measurements based on two non-overlapping subframe sets which may or may not include all the subframes in a radio subframe [3]. The discussion in RAN1 can focus on defining the CSI (or CQI) reference resource for aperiodic and periodic CSI reporting when the restricted CSI measurements are enabled. This issue is further discussed below. 
Reference Resource: 
The agreement so far in RAN1 is that the CSI reference resource not being contained in either of the configured subsets is FFS subject to feedback from RAN4 after discussion in RAN4. Therefore, that decision implies the following (If the subframe subsets CCSI,0 and CCSI,1 are configured by higher layers).
1. The CSI reference resource belongs to either CCSI,0 or CCSI,1.
2. A downlink subframe shall be considered to be valid if it is an element of either the subframe subset CCSI,0 or subframe subset CCSI,1.
In our view, the only modification required to the CSI section in 36.213, is to provide a suitable CSI reference resource (i.e. a valid DL subframe) for each report (periodic or aperiodic) when restricted CSI measurements are configured. 

Reference resource for Periodic Reporting
For periodic CSI reporting, RAN1 has agreed that explicit RRC configuration links each CSI feedback to a configured subset. The existing Rel-8 specification ((Sec 7.2.3, 36.213) states that for a periodic reporting instance, the CSI 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. Thus, the only additional specification work required for periodic CSI reporting for a configured subframe subset is to define when a DL subframe is considered valid. This can be done as follows. 

3. For periodic reporting, a DL subframe is considered valid if it is an element of the subframe subset linked to the report. 
Reference resource for Aperiodic Reporting: 
For aperiodic CSI reporting, the CSI reference subframe may be determined based on Rel-8 like implicit rule - (Sec 7.2.3, 36.213 for aperiodic CQI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CQI request in an uplink DCI format.). Once valid DL subframe for CSI resource reference is specified, the linkage becomes clear as shown below.
· If the reference resource is in configured subframe subset CCSI,0 or CCSI,1, it is considered as a valid DL subframe and an aperiodic CSI report is triggered.

· If the reference resource is not in subframe subsets CCSI,0 or CCSI,1, then it is considered invalid and the corresponding CSI report is not triggered. (This is considered as an error due to false CRC. This aspect may be reconsidered if RAN4 has any feedback.). 

Thus, for aperiodic CSI reporting, the following is proposed (which is same as 2 above).

A downlink subframe shall be considered to be valid if it is an element of either the subframe subset CCSI,0 or subframe subset CCSI,1.
Thus, based on the above discussion, we propose the following are captured for restricted resource measurements in the CQI definition in 36.213 by accepting the text proposal in the Appendix. 

If the set of subframes CCSI,0 and the set of subframes CCSI,1 are configured by higher layers 

1. The CSI reference resource belongs to either CCSI,0 or CCSI,1.

2. A downlink subframe shall be considered to be valid if it is an element of either the subframe subset CCSI,0 or subframe subset CCSI,1.

3. For periodic reporting, a DL subframe is considered valid if it is an element of the subframe subset linked to the report. 

4
Conclusions

It is proposed to include the proposed text proposal regarding CQI measurement resource restriction and CQI reference subframe definition into TS 36.213 [1].
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6
Text Proposal (from Ericsson)

---------------------- START OF TEXT PROPOSAL -------------------------------------------------------------

TS36.213 v10.0.1, Section 7.2 
[…]

A UE in transmission mode 8 [or 9] is configured with PMI/RI reporting if the parameter pmi-RI-Report is configured by higher layer signalling; otherwise, it is configured without PMI/RI reporting.

A UE is configured with resource-restricted CSI measurements if the set of subframes CCSI,0  and the set of subframes CCSI,1 are configured by higher layers.

[…]
TS36.213 v10.0.1, Section 7.2.3
Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the 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. 
If the set of subframes CCSI,0 and the set of subframes CCSI,1 are configured by higher layers, the CQI reference resource belongs to either CCSI,0 or CCSI,1. For periodic CQI reporting, the CQI reference resource belongs to the set of subframes linked to the report.
[…]
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 band to which the derived CQI value relates.

· In the time domain, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref,

· where for periodic CQI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe.

· where for aperiodic CQI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CQI request in an uplink DCI format.

· where for aperiodic CQI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CQI request in a Random Access Response Grant.

A downlink subframe shall be considered to be valid if:

· it is configured as a downlink subframe for that UE, and

· except for transmission mode 9, it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is  and less, and

· it does not fall within a configured measurement gap for that UE, and

· it is an element of either the set of subframes CCSI,0 or the set of subframes CCSI,1 , when those sets of subframes are configured by higher layers.

If there is no valid downlink subframe for the CQI reference resource, CQI reporting is omitted in uplink subframe n.
