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1. Introduction
As an important feature for LTE Rel-10, enhanced DL MIMO has achieved substantial progress, including reference signal structure designs, DL control signaling and multi-granularity codebook. PRB bundling is also introduced for TM9 to improve the DMRS based channel estimation performance. Currently, instead of using RRC signaling to switch PRB bundling on/off [1], the application of PRB bundling is tied to whether PMI/RI feedback is configured, as following [2]:

PRB bundling is supported when PMI/RI feedback is configured

Given the above agreements, it is necessary to consider the details of CSI reporting for non-PMI based feedback. In this contribution we present our views on non-PMI based feedback in Rel-10.

2. Discussion on transmission & feedback schemes for TM9
In TM8 of LTE Rel-9, dual-port DMRS are introduced to support non-codebook based transmission with rank up to 2. With dynamic assigned DMRS port and SCID, switching between SU and MU-MIMO within one transmission mode is feasible. Furthermore, both PMI and non-PMI based feedback mechanisms are supported considering feedback overhead requested by different implementation in network. In TM9, new features such as CSI-RS, multi-port DMRS and multi-granularity codebook are introduced to support higher rank SU-MIMO and enhanced MU-MIMO. However most of the mechanisms, such as DMRS based transmission and common reference signal (CSI-RS/CRS) based measurement/feedback and also the unified SU/MU operation, are extended from TM8. In addition, the DCI format 2C defined for TM9 is an extension of DCI format 2B as well. The enhancements of TM9 over TM8 are summarized in Table1. As an extension of TM8, the non-PMI based feedback scheme should also be included in TM9 to support SU/MU-MIMO with rank up to 2, especially considering the larger PMI feedback overhead, which will be further enlarged when UE in CA cases (Currently in hot discussion, parts of the CSI feedback have to be dropped in some proposals.).
Table 1. Enhancements of TM9 over TM8
	
	TM8
	TM9

	CSI measurement
	CRS based (up to 4 ports)
	CRS/CSI-RS(up to 8 ports) based

	Demodulation
	DMRS port 7-8
	DMRS port 7-14

	MU-MIMO operation
	Up to 4 layers
	Up to 4 layers

	DL control signaling 
	DCI format 2B: supports up to 2 layers, separated encoding of  port and SCID indications
	DCI format 2C: supports up to 8 layers, joint encoding of  port and SCID indications

	CSI reporting
	PUCCH reporting mode 1-0, 1-1, 2-0, 2-1

PUSCH reporting mode 1-2,2-0,2-2,3-0,3-1
	PUCCH reporting mode 1-0, 1-1, 2-0, 2-1

PUSCH reporting mode 1-2,2-0,2-2,3-0,3-1,3-2

	
	PMI based feedback with single codebook
	PMI based feedback with multi-granularity codebook

	
	Non-PMI based feedback
	[Non-PMI based feedback]


3. Details of non-PMI based feedback in Rel-10

3.1. CQI derivation
As shown in Table 2, for the purpose of deriving CQI at UE side, the PDSCH transmission scheme assumed for CQI reference resource should be specified for each transmission mode. 
Table 2. PDSCH transmission scheme assumed for CQI reference resource

	Transmission mode
	Transmission scheme of PDSCH

	1
	Single-antenna port, port 0

	2
	Transmit diversity

	3
	Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

	4
	Closed-loop spatial multiplexing

	5
	Multi-user MIMO

	6
	Closed-loop spatial multiplexing with a single transmission layer

	7
	If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity

	8
	If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing

	9
	[TM9 transmission scheme]


For the UE configured without PMI/RI reporting, TxD based CQI derivation is used in TM8. However, all the PDSCH transmission schemes assumed for CQI reference resource in Rel-8/9 are associated with CRS. The problem is how to handle PDSCH transmission scheme assumed for CQI reference resource for TM9, in case channel estimation is based on CSI-RS. It’s noted that the situation is applicable to both PMI based and non-PMI based feedback.

As an alternative, if the number of CSI-RS port is 1, 2 or 4, the UE configured in non-PMI reporting mode can estimate the channel based on CSI-RS, and assume that the estimated channel is the same as obtained from CRS in TM8. Specifically, for CSI-RS ports is 1, 2 or 4, the UE can make the following assumptions:

· If the number of CSI-RS ports is 1, the PDSCH transmission scheme assumed for CQI reference resource is single antenna port 0

· If the number of CSI-RS ports is 2 or 4, the PDSCH transmission scheme assumed for CQI reference resource is transmit diversity
For CSI-RS ports is 8, the UE can make the following assumption:

· 2 or 4 predefined and virtualized CSI-RS ports are configured for CQI reference resource. In such case, the PDSCH transmission scheme assumed for CQI reference resource is transmit diversity. The details of antenna virtualization are FFS.
3.2. CSI reporting
The feedback scheme for each UE can be configured by the existed parameter pmi-RI-Report-r9. The CSI reporting modes for PMI and non-PMI feedback schemes are:
· Aperiodic CQI/PMI/RI Reporting using PUSCH in TM9: Modes 1-2, 2-2, 3-1,3-2 if the UE is configured with PMI/RI reporting; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting

· Periodic CQI/PMI/RI Reporting using PUCCH in TM9: Modes 1-1, 2-1 if the UE is configured with PMI/RI; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting
The PUCCH reporting mode of the UE configured without PMI/RI reporting is indicated implicitly by the parameter pmi-RI-Report-r9 and cqi_FormatIndicatorPeriodic.

3.3. Feedback overhead comparison
With DMRS based transmission, the channel knowledge obtained from UL sounding reference signal can be utilized for both PMI and non-PMI based feedback schemes. However, the feedback overhead associated with PMI/RI feedback can be largely reduced in non-PMI based reporting modes. Table 3 shows an example of feedback overhead comparison. 
Table 3. Feedback overhead comparison                                                                                                                        (system bandwidth:10MHz, 8 CSI-RS ports and 2Rx)
	
	PMI/RI feedback

(PUSCH mode 3-2)
	Without PMI/RI feedback

(PUSCH mode 3-0)

	RI=1 (for PMI/RI feedback)
	65
	22

	RI=2 (for PMI/RI feedback)
	87
	


4. Conclusions
Based on the discussion above, we propose that
· Non-PMI based feedback scheme should also be included in TM9 considering uplink feedback overhead reduction and on-off PRB bundling.
· TxD based CQI derivation can be re-used in TM9

· If the eNB CSI-RS ports is 1, the PDSCH transmission scheme assumed for CQI reference resource is single antenna port 0

· If the eNB CSI-RS ports is 2 or 4, the PDSCH transmission scheme assumed for CQI reference resource is transmit diversity

· If the eNB CSI-RS ports is 8, the PDSCH transmission scheme assumed for CQI reference resource is transmit diversity with 2 or 4 CRS ports
· Predefined virtualization is assumed to be used in CQI calculation
The CSI reporting modes for PMI and non-PMI feedback schemes are:

· Aperiodic CQI/PMI/RI Reporting using PUSCH in TM9: Modes 1-2, 2-2, 3-1,3-2 if the UE is configured with PMI/RI reporting; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting

· Periodic CQI/PMI/RI Reporting using PUCCH in TM9: Modes 1-1, 2-1 if the UE is configured with PMI/RI; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting
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