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Description of issues

In section 7.2.2 of the current CR on TS36.213 [1], CRI reporting for periodic CSI is described as follows for modes with a single PMI:



… the periodicity  for CRI reporting is given by the parameter cri-ConfigIndex ()…
-	In case CRI reporting is configured, 
· if the number of antenna ports in each configured CSI-RS resource is one, 
· 

the reporting interval of the CRI reporting is an integer multiple  of period  (in subframes)
· 
The reporting instances for CRI are subframes satisfying .
· otherwise 
· 

the reporting interval of the CRI reporting is an integer multiple  of period  (in subframes). 
· 
The reporting instances for CRI are subframes satisfying .

Likewise, CRI reporting for periodic CSI is described as follows for modes with multiple PMIs:

-	In case CRI reporting is configured, 
· if the number of antenna ports in each configured CSI-RS resource is one, 
· 

the reporting interval of the CRI reporting is  times the wideband CQI/PMI period ,
· 
The reporting instances for CRI are subframes satisfying .
· otherwise 
· 

the reporting interval of the CRI reporting is  times the RI period  (in subframes).
· 
The reporting instances for CRI are subframes satisfying 

In addition, one of the dropping rules is articulated as follows:

For a CSI process, if a UE is configured with higher layer parameter CSI-Reporting-Type and CSI-Reporting-Type is set to ‘CLASS B’, and more than one configured CSI-RS resources, in case of collision of a CSI report with PUCCH reporting type 7, 8, 9, or 10 of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, or 6 of the same serving cell the latter CSI report with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, or 6) has lower priority and is dropped.

From the above, at least the following two issues are apparent:
1. When the number of antenna ports of each configured CSI-RS resource is one, the above description can be interpreted in at least one of the following manners:
a. Alt1. Whenever CRI is reported, CRI is always reported together with CQI. 
b. Alt2. Whenever CRI is reported, CQI is dropped and CRI is reported alone.
2. 

A table which defines the mapping from to , analogous to Table 7.2.2-1A, B, and C, does not exist in the current version of TS36.213.

It should be noted that the first issue, other than the periodicity of CRI reporting relative to CQI,  has not been addressed in RAN1#83 [2]. In relation to subframe offset, the agreements only address CRI reporting relative to RI. But when the number of antenna ports is each configured CSI-RS resource is one, RI reporting is non-existent. The second issue, on the other hand, is simply a consequence of the agreements in RAN1#83 and should be added for completion on the current version of TS36.213. 


Proposed changes

The first issue is essentially an ambiguity issue. 

Alt1 interpretation can be argued from the subframe equations in the above description. Yet two problems are apparent. First, for the maximum CRI payload of 3 bits, this results in a total of 7-bit payload (which is unnecessarily large). This is problematic since by reporting CRI together with CQI, the reliability of CRI reporting is unnecessarily compromised. Since CRI is calculated based on long-term channel properties and expected, in many (not all) scenarios, to be reported at a significantly lower rate than CQI, failure to decode CRI more severely impacts system performance. Second, the current set of PUCCH reporting types does not support reporting CRI jointly with CQI (see Table 7.2.2-3).

One may argue that the total payload of 7 bits (CRI+CQI) is only 1 bit larger  than type 7 (CRI+RI), the same as type 9 (CRI+RI+PTI), or 1 bits smaller than the worst-case scenario of type 8 (CRI+RI+first PMI). However, the motivation for reporting CRI together with at least one other CSI parameters in type 7, 8, or 9 is to avoid increasing inter-subframe dependency beyond 2 subframes (which makes CSI reporting more prone to error propagation or droppings). This problem does not apply for one-port CSI-RS because RI reporting is not configured. That is, when CRI is reported in a different set of subframes from CQI, inter-subframe dependency only extends to 2 subframes. Therefore, to ensure good reliability for CRI reporting whenever possible, it is beneficial to report CRI alone within a subframe.





Alt2 interpretation can be argued from the dropping rule where type 10 (CRI alone) is assigned a higher priority over type 4 (wideband CQI). This, however, rules out the use of =1 since all CQI reports would be dropped and replaced by CRI reports. Even =2 (or 4) would be impractical due to frequent dropping of CQI. Therefore, Alt2 seems to exclude the use of =1, 2 (or 4). While the utility of such small values of  can be questioned due to the long-term property of CRI report (which may necessitate long-term averaging across CSI-RS-carrying subframes), repeating the same value of CRI across multiple reports can be advantageous especially when the quality of PUCCH transmission is poor (either in power- or interference-limited scenarios). 



If the flexibility of using different values of  (including =1, 2 (or 4)) is desired, a better alternative than the two above (Alt3) is to allow CRI to be reported with a configurable subframe offset . This allows an eNB some flexibility to configure CRI reporting with a good coverage (since CRI is reported alone) without unnecessarily dropping CQI reports. This flexibility is attained by setting  as non-zero. To support Alt3, a minor modification is needed in each of the two reporting equations in Section 1. The modification is as follows:

· if the number of antenna ports in each configured CSI-RS resource is one, 
· 

the reporting interval of the CRI reporting is an integer multiple  of period  (in subframes)
· 

The reporting instances for CRI are subframes satisfying .
  …
· if the number of antenna ports in each configured CSI-RS resource is one, 
· 

the reporting interval of the CRI reporting is  times the wideband CQI/PMI period ,
· 
The reporting instances for CRI are subframes satisfying .



This alternative increases inter-subframe dependency from one to two subframe – no more than the case when RI reporting is applicable.  

The second issue can be fixed with adding one or two tables similar to Table 7.2.2-1A, B, or C in TS36.213. For the case when RI reporting is configured, a table similar to Table 1 below can be added. 

Table 1. Mapping of  to  
	
	Value of  

	0
	1

	1
	2

	2
	4

	3
	8

	4
	16

	5
	32

	6    7
	Reserved


 
If Alt1 is chosen, Table 1 can also be used for the case when RI reporting is not configured (which corresponds to one CSI-RS port). 

If Alt2 is chosen, Table 1 can also be used with some restriction (e.g.  and other small values of  are precluded). 

If Alt3 is chosen, CRI can be reported with a subframe offset relative to CQI, a table similar to Table 2, analogous to Table 7.2.2-1B in TS36.213, below can be added. This solution amounts to simply reusing RI reporting mechanism for CRI reporting when RI reporting is not applicable.

Table 2. Mapping of  to  and 
	
	Value of 
	Value of 

	0     160
	1
	−

	161    321
	2
	− (  – 161)

	322    482
	4
	− (  – 322)

	483    643
	8
	− (  – 483)

	644    804
	16
	− (  – 644)

	805    965
	32
	− (  – 805)

	966    1023
	Reserved




Observation: Some ambiguity is present in interpreting UE behavior on CRI reporting when the number of CSI-RS ports is one
· Two possible interpretations result in either CRI reporting coverage reduction or unnecessary dropping of CQI reports.

Proposal: Allow CRI to be reported with a configured subframe offset relative to CQI when the number of CSI-RS ports is one
· A draft CR is provided in [3] along with the necessary (yet missing) CRI configuration tables
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