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1 Introduction
In LTE Rel-9, single antenna port transmission or TxD transmission is assumed for non-PMI based feedback in TM7 and TM8 according to the number of transmission antenna ports, where channel measurement is only based on CRS in CQI calculation [1]. In RAN1#63 meeting, non-PMI based feedback for TM9 was discussed and proposed to be revisited in the next RAN1 meeting.
In this contribution, we present our view on non-PMI based feedback for TM9 as below:
· In case of non-PMI based feedback for TM9, PDSCH transmission with single antenna port (port 7 or 8) is assumed by UE in the DL CQI report.
· In case of non-PMI based feedback for TM9, DL CQI is always calculated with channel estimation over only one CSI RS port (port 15).
2 Discussion on non-PMI based feedback for TM9
In LTE-A, double codebook was agreed for 8 antenna port transmission. For PUCCH based periodic CQI/PMI/RI report for TM9, several different report types are defined for PMI feedback. That is, the overhead of PMI feedback should be paid for achieving the benefit from DL multiple antenna ports transmission. However, by exploiting channel reciprocity in TDD and FDD, DL CSI can be obtained at eNB even without PMI feedback [2][3]. Furthermore, it is also capable to further benefit MIMO transmission by exploiting the full CSI obtained via channel reciprocity.
However, if non-PMI based feedback is supported in TM9, it is not optimized for the potential robust transmission in the scenario of high mobility or unstable interference. In fact, transmission mode switching might possibly be implemented by the smart eNB in those cases so that a more robust transmission mode, such as TM2 or TM3 without PMI feedback, might be chosen instead. Therefor, we should keep in mind that if non-PMI based feedback for TM9 is supported, it is mainly for facilitating channel reciprocity and also for supporting link adaptation when only 1 CSI-RS port is configured. 
In LTE-A, it was agreed that when a Rel-10 UE is configured in transmission mode 9, it uses only CSI-RS (1, 2, 4, or 8 CSI-RS ports) for channel estimation for all CSI feedback modes [4].  So, it is reasonable to still keep this rule for non-PMI based feedback for TM9. With CSI obtained via channel reciprocity, if DL interference level is reported, the potential DL transmission scheme can be decided by eNB. In the following, two candidate schemes for non-PMI based feedback in TM9 are further discussed.
Alternative 1: Single Antenna Port Transmission

In this scheme, PDSCH transmission with single antenna port (port 7 or 8) is always assumed by UE for non-PMI based feedback in TM9. And the related DL CQI is always calculated with channel estimation over only one CSI RS port (port 15). 
For the UE with 2 Rx antennas, SINR after MRC receiver is,
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where Ps is the transmitted signal power, [image: image3.png]


 is the estimated interference and noise power, hm (m=1,2) is the estimated channel based on this CSI-RS for each receiver antenna. Here, DL interference and noise power is embodied in the calculated SINR corresponding to the single port transmission CQI. 
Alternative 2: Transmit Diversity transmission
In this scheme, TxD transmission based on CRS ports is assumed by UE for non-PMI based feedback just as Rel-8 and Rel-9, except that channel esitmate in CQI calculation is always measured over CSI RS [2]. Moreover, the assumed TxD schemes are different according to the number of available CSI RS ports as shown in Table 1.
For TxD based on two CRS ports, for the UE with 2 Rx antennas, SINR after receiver combining is,
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where hm,n is the estimated channel between transmit antenna n and receive antenna m based on CSI-RS ports. Here, DL interference and noise power is also embodied in the reported TxD CQI.
For each CQI report in the related transmission mode, it is possibly needed to design a relevant test case in RAN4. However, for multiple feedback reports in TM9, it is not expected to add too many complicated test cases in RAN4. Whereas, it is preferred to exploit those existing test cases in RAN4 as much as possible to minimize standardization effort. 
For alternative 1, single antenna port transmission is assumed for non-PMI based feedback in TM9. Since such single port transmission scheme is anyway supported in TM9 even without non-PMI based feedback, it will not bring additional new test case in RAN4 if alternative 1 is taken for non-PMI based feedback in TM9.
For alternative 2, different transmission schemes may be assumed corresponding to the number of available CSI-RS ports as shown in Table 1. Here, the related test cases in RAN4 are somewhat different from those in Rel-8 and Rel-9, where the channel estimate in CQI calculation is always measured over CRS ports. Moreover, these test cases are also different from those designed for PMI based feedback in TM9, where DMRS ports are always assumed in CQI calculation. So, if TxD transmission is assumed for non-PMI based feedback in TM9, up to 4 additional new test cases might be defined in RAN4. However, such additional standardization effort in RAN4 should be justified for non-PMI based feedback in TM9. Besides, it should also be specified what the assumed transmission scheme is in case of 8 CSI-RS ports, if TxD transmission is assumed for non-PMI based feedback in TM9.  

Based on the above discussion, comparison of alternative 1 and 2 are summarized in Table 2. Considering the standard progress, we prefer to take alternative 1 for non-PMI based feedback in TM9. So, we propose the following，
· In case of non-PMI based feedback for TM9, PDSCH transmission with single antenna port (port 7 or 8) is assumed by UE in the DL CQI report.

· In case of non-PMI based feedback for TM9, DL CQI is always calculated with channel estimation over only one CSI RS port (port 15).
And, the associated PDSCH transmission scheme assumed for CQI reference resource in TM9 is shown in Table 3. The CSI reporting modes for PMI and non-PMI feedback schemes in TM9 are summarized as below:

· Aperiodic CQI/PMI/RI Reporting using PUSCH in TM9: Modes 1-2, 2-2, 3-1 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.
Table 1 TxD schemes assumed for non-PMI based feedback in TM9
	Number of CSI-RS ports
	Transmission scheme assumed in non-PMI based feedback in TM9

	1
	Single Port transmission based on 1 CRS port

	2
	SFBC based on 2 CRS  ports

	4
	SFBC&FSTD based on 4 CRS ports

	8
	TBD


Table 2 Comparison of alternative 1 and 2 for non-PMI based feedback in TM9
	
	Alternative 1: 
Single Port Transmission
	Alternative 2: 
Transmit Diversity transmission

	 channel reciprocity
	Feedback of DL interference and noise level
	Feedback of DL interference and noise level

	additional test cases for non-PMI based feedback in RAN4 
	Not  needed
	Possibly up to 4 additional test cases in RAN4


Table 3: PDSCH transmission scheme assumed for CQI reference resource
	Transmission mode
	Transmission scheme of PDSCH

	9
	If the UE is configured without PMI/RI reporting: single antenna port, port 7,or port 8; 

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing with up to 8 layer transmission, ports 7-14.


3 Conclusion
In this contribution, we present our view about non-PMI based feedback for TM9 as below:
· In case of non-PMI based feedback for TM9, PDSCH transmission with single antenna port (port 7 or 8) is assumed by UE in the DL CQI report.

· In case of non-PMI based feedback for TM9, DL CQI is always calculated with channel estimation over only one CSI RS port (port 15).
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