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1. Introduction  
A number of new features introduced in Rel-10 may change the CQI definition.  These features include the introduction of CSI-RS for CSI measurements and time domain eICIC with ABS (Almost blank subframes).  The two remaining issues to conclude are related to CQI:
· CQI reference resource in case of CSI-RS

· Whether to support PMI disabling in TM9

In this contribution, we discuss about these two remaining issues.
2. CQI reference resource in case of CSI-RS

It is agreed that only CSI-RS is used for channel estimation in TM9[1]. CSI-RS differs from CRS in a way that CSI-RS is not present in every subframe.  Therefore, if we follow the same definition of CQI reference resource in Rel-8/9,   sometimes the reference resource falls into a CSI-RS subframe but sometime not.  
Regarding this uncertainty, there are two open questions about CSI-RS consideration in CQI definition:

1. Whether the CQI reference resource should be restricted to CSI-RS subframe.
2. Whether UE should assume the presence of CSI-RS REs for the purpose of deriving CQI.
2.1. Whether the CQI reference resource should be restricted to CSI-RS subframe

It was proposed in [2] to mandate CQI reference resource defined in a downlink subframe that contains CSI-RS.  In our view, this restriction is not necessary.  This can introduce extra unnecessary delay if we consider CSI-reporting based on two subsets.  Sometimes valid subframe can’t be found if this restriction exists. Figure 1 illustrates an example.  We would like to trigger the CSI report in the protected subframes corresponding to ABS in macro (i.e. subframes 3,11,19).  However, none of these subframes contains CSI-RS.  Therefore, no valid CQI reference resource can be found for the subset containing protected subframes if this restriction applies.  
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Without this restriction, UE can deduce the CSI based on the channel measurements using CSI-RS in subframes 0 and 10 together with the interference measurements in protected subframes 3, 11 and 19.  It was mentioned in [2] that such prediction can increase UE complexity.  However, we think that prediction is an implementation issue which can be simple or complicated.  Therefore, even without considering HetNet, the need of restricting CQI reference resource to a CSI-RS subframe is not clear.
2.2. Whether UE should assume the presence of CSI-RS REs for the purpose of deriving CQI

If the restriction discussed in section 2.1 doesn’t apply to CQI reference resource, sometimes the reference resource falls into a CSI-RS subframe but sometime not.  Regardless of the presence of CSI-RS, UE shall have a consistent assumption of whether taking CSI-RS overhead into account for the purpose of deriving CQI.  In our view, CQI calculation should not take into account of this CSI-RS overhead because this CSI-RS subframe doesn’t happen often.  If we even take muting into consideration, the subframes containing CSI-RS with muting don’t reflect the condition in other subframes which is majority.  Therefore, in our view UE should assume no CSI-RS overhead.  Besides, PRS overhead should not be taken into consideration for CQI derivation.  Hence we propose to add the following two assumptions into CQI definition in TS 36.213:
In the CQI reference resource, the UE shall assume the following for the purpose of deriving the CQI index:

· The first 3 OFDM symbols are occupied by control signalling
· No resource elements used by primary or secondary synchronisation signals or PBCH
· No resource elements used by CSI-RS
· No resource elements used by PRS
Note that we also consider other changes on CQI definition related to HetNet in [3].

3. CQI Feedback for non-PMI mode in Transmission Mode 9
Non-PMI feedback mode was introduced under TM8 in Rel-9.  It is natural to extend this non-PMI mode to TM9 to reduce the feedback overhead in systems which don’t rely on RI/PMI feedback e.g. TDD system.  Because of channel reciprocity obtained with SRS, these systems don’t need any RI/PMI feedback.  CQI is the only CSI feedback needed in this case.  This opens up a question how CQI is derived if the UE is configured without PMI/RI reporting.  Here we discuss the three options:

1. CRS based CQI calculation assuming TxD

2. CSI-RS based CQI calculation assuming TxD

3. CSI-RS based CQI calculation assuming closed-loop spatial multiplexing

3.1. CRS based CQI calculation assuming TxD
TxD based CQI is used in TM8 without RI/PMI reporting.  It is natural to extend this TxD based CQI feedback scheme to non-PMI mode under TM9.   However, the adoption of TxD based CQI is not trivial in TM9 because of the introduction of CSI-RS.  TM8 is specified based on the assumption of CRS based PDSCH transmission.  On the other hand, for TM9, it was agreed in email discussion after RAN1#63 that only CSI-RS is used for channel estimation [1]. The discussion of using CSI-RS only for channel estimation was mainly done under the consideration of PMI mode.  We can re-visit this conclusion for non-PMI mode.  

If we allow the exception that UE can do the channel measurements based on CRS in non-PMI mode under TM9, little standardization effort is needed.  The TxD based CQI scheme will be exactly the same as defined for TM8.  However, there is a small issue that the number of CRS ports is usually less than the number of CSI-RS ports ,e.g:

· 1 or 2 CRS ports + 4 or 8 CSI-RS ports

Overhead can be saved if less number of CRS ports is used provided that large portion of UEs are using CSI-RS for channel measurements.  However, we may suffer from performance loss of interference measurements when available CRS ports are reduced.  When there is only 1 CRS port, TxD based CQI cannot be used.  Also, CRS is not available in MBSFN subframes.  It will introduce extra feedback delay especially when there are more MBSFN subframes configured in Rel-10 systems.
3.2. CSI-RS based CQI calculation assuming TxD
As it was agreed that only CSI-RS is used for channel estimation under TM9, another candidate is to use CSI-RS to derive TxD based CQI.  For 2Tx and 4Tx, it is natural to use the same TxD scheme already defined in TS 36.211.  The only difference is that the antenna ports become CSI-RS ports here.  Since there is no TxD scheme defined for 8Tx, some standardization effort is required.  Some antenna virtualization mappings are needed to be defined.  
Here we consider either 2 or 4 virtual ports, denoted as vp_1, vp_2…vp_n where n=2 or 4.
The mapping between CSI-RS port and the virtual ports can be defined in Table 1 and Table 2
	CSI-RS port
	15,16
	17,18
	19,20
	21,22

	Virtual port
	vp_1
	vp_2
	vp_3
	vp_4


Table 1

	CSI-RS port
	15,16,17,18
	19,20,21,22

	Virtual port
	vp_1
	vp_2


Table 2

Number of virtual ports n can be fixed (to 2 or 4).  It can also depend on the number of CRS ports as shown in the table 3.  Since interference measurements can be done using both CRS and CSI-RS, this has the advantage of being consistent no matter the measurements are done in CSI-RS and CRS.  eNB can also adjust the CSI-RS port to physical antenna mapping such that virtualization of CSI-RS ports is the same as the virtualization of CRS ports.
	Number of CRS ports 
	 2
	4

	Number of virtual ports n
	2
	4


Table 3

3.3. CSI-RS based CQI calculation assuming closed-loop spatial multiplexing
The third way to derive the CQI is to assume closed-loop spatial multiplexing based PDSCH transmission.  In this case, UE performs the same RI/CQI/PMI selection like PMI mode based on the standardized codebook.  UE does not feedback selected PMI in this case.  This has the advantage of re-using the same CQI calculation in PMI mode.  However, this will introduce precoder mismatch as the precoder is determined by eNB based on channel reciprocity which is an implementation issue.  The precoder mismatch may affect the CQI accuracy.   This method is also not consistent with the feedback scheme used in the non-PMI mode of TM8.
Considering the consistency with non-PMI mode of TM8 and agreement of using CSI-RS for channel measurements in TM9, option 2 - CSI-RS based CQI calculation assuming TxD is preferred.  
4. Conclusion
In this contribution, we discuss the remaining issues of CSI feedback regarding CQI reference resource and CQI scheme of non-PMI mode in TM9.  In conclusion, we have the following proposals:
Proposal1: CQI reference resource should NOT be restricted to CSI-RS subframe 
Proposal2: UE shall assume no resource elements used by CSI-RS and PRS for the purpose of deriving the CQI index
Proposal3: Non-PMI mode should be introduced in TM9. CSI-RS based CQI calculation assuming TxD should be adopted.
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