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1. Introduction

In RAN1 #62, agreements were reached on the following related factors in Rel-10 Reporting Modes for DL Multiple Antenna Transmissions - CSI feedback mode, new transmission mode and CSI-RS. . These rather independent agreements, when taken in combination, have resulted in a very high level of complexity due to the large number of possible combinations. In this contribution, we describe these possible combinations and propose a simplification. 

In RAN1 #62 the following independent agreements were reached as described in [1]:
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On CSI feedback mode, it was agreed that new features, such as Dual-codebook structure, Precoder type indication (PTI) reporting, would be adopted as well as Rel-8/9 features [2]. 
On transmission modes (TMs), the new TM, which supports SU-MIMO up to rank-8 and SU/MU dynamic switching was agreed as shown in the above [1]. 
On RS ports associated with CSI feedback, it was agreed that there would be a Rel-10 CSI feedback mode that uses only CSI RS for channel estimation [1].

So far, these topics were discussed separately. However, a panoramic view of these topics is needed since the time has come to define reporting modes in Rel-10 spec. In this contribution, we clarify potential issues on the definition of reporting modes corresponding to TMs and associated RS ports and propose a simplification. 

2. Joint discussion on CSI feedback, TMs and RS ports
In TS36.213, each reporting mode is defined as a combination of CQI feedback type and PMI feedback type (e.g. Table 7.2.1-1 and Table 7.2.2-1), and different reporting modes are supported for each TM in Rel-8. 

As described in the previous section, new features of CSI feedback, a new TM and new RS ports have been agreed in Rel-10. Therefore, there are the following 3 separate assumptions for CSI feedback. 

· Assumption 1: CSI feedback contents may mean:

· Alternative 1-A: ONLY Rel-8/9 feature will be reported.

· Alternative 1-B: new features, e.g., Dual-codebook structure, Precoder type indication (PTI) reporting, subband PMI (W2), etc, will be reported.

· Assumption 2: Transmission mode is corresponding to CSI feedback under:

· Alternative 2-A: existing transmission modes, i.e., TM 1-8.

· Alternative 2-B: new transmission mode, i.e., TM 9.

· Assumption 3: Measurement RS ports may mean CSI feedback is based on the channel estimation results of:

· Alternative 3-A: CRS ports.

· Alternative 3-B: CSI-RS ports.

The above assumptions may be independent of each other. However, if we assume that they are independent, we have to support 8 different alternatives for each reporting mode, and this will make UE and eNB implementations very difficult and increase the complexity. Therefore, we propose that limited combinations should be supported in the specification. However, RAN1 has not discussed the above issues yet and has not shared a common understanding. 

Table 1 shows 8 possible options based on the above alternatives for each reporting mode. We analyze the each option below and find the essential ones from among them.

Table 1: TMs, CSI features and RS ports for each option

	Option
	TM
	CSI
	Reference Ports
	Remarks

	1
	1-8
	Rel-8/9 feature
	CRS
	· This option is necessary for at least initial access.

	2
	
	
	CSI-RS
	· It is unclear that PMI feedback makes sense in TM 4-6.

· This option is not available in 8 CSI-RS cells.

	3
	
	New feature
	CRS
	· It is not clear that new reporting feature is useful for conventional TMs.

· This option can be decomposed to Option 1 by a certain configuration since the Rel-8/9 feature may be a subset of the new feature.

	4
	
	
	CSI-RS
	· This is basically similar to Option 2.

· This option may make TM 8 to be useful and specialized for lower rank than TM 9.

	5
	9
	Rel-8/9 feature
	CRS
	· Extension from conventional TM 8 is just 3-4 rank SU-MIMO transmission.

	6
	
	
	CSI-RS
	· There will be absolutely nothing to be gained from Option 8.

· This option can be used in place of option 8 when the number of CSI-RS ports is small e.g. single CSI-RS port (if agreed).

	7
	
	New feature
	CRS
	· This option can provide CSI-RS turnoff.

	8
	
	
	CSI-RS
	· This option is necessary at least in 8 CSI-RS cells.


Option 1: Option 1 has exactly the same feature as Rel-8/9. eNBs can configure conventional reporting modes in Rel-10 UE before the UE is aware that eNB support Rel-10. Therefore, this option is necessary at least for initial access.
Option 2: In Option 2, the UE which is configured for TM 4-6 should report PMI by referring CSI-RS ports although it uses CRS and associated precoding information for demodulation. Since correlation between CRS and CSI-RS will not be specified, it is not clear that PMI feedback makes sense in TM 4-6. Therefore the necessity of this option is also unclear. Moreover, this option is not available in 8 CSI-RS cells because the Rel-8 feature for CSI feedback doesn’t support more than 4 RS ports. Additionally, implicit/explicit configuration of the reference RS port will be needed since all Rel-10 UE support Option 1 that uses CRS.

Option 3: It is not clear that a new reporting feature such as Dual-codebook structure, PTI reporting, subband PMI is useful for conventional TMs. Similarly, we are not sure whether conventional TM using new reporting feature other than TM 9 will be needed. On the other hand, this option can be decomposed to Option 1 by a certain configuration since the Rel-8/9 feature may be a subset of the new feature. In this meaning, this option can be used in place of Option 1.

Option 4: This is basically similar to Option 2. This option may allow Rel-10 UE to use the new reporting feature and CSI-RS in TM 8 as well as TM 9. Therefore, the Rel-10 TM 8 may be more useful by this option as a TM specialized for lower rank than TM 9. Additionally, implicit/explicit configuration of reference RS port will be needed as Option 2.

Option 5: Extension from conventional TM 8 is just rank 3-4 SU-MIMO transmission since Rel 9 TM 8 supports up to rank 2 transmission per UE. If rank 3-4 transmission is expected to be widely used in Rel-10, this option will be available. In addition, implicit/explicit configuration of reference RS port will be needed since Option 8 that uses CSI-RS is mandatory.

Option 6: As described in Option 3, the Rel-8/9 reporting feature may be a subset of the new feature. Thus, there will be absolutely nothing to be gained from Option 8 in the case of the large number of CSI-RS ports. On the other hand, this option can be used in place of Option 8 when the number of CSI-RS ports is small e.g. single CSI-RS port (if agreed).

Option 7: This option allows Rel-10 UE to measure only CRS in all TMs. This can provide CSI-RS turnoff. However, whether CSI-RS turnoff is needed or not is another matter. Additionally, implicit/explicit configuration of reference RS port will be needed as Option 5.

Option 8: TM 9 shall support SU-MIMO up to rank-8, which is achieved by using 8 ports of CSI-RS. Therefore, this option is necessary at least in 8 CSI-RS cells.
Based on the above discussion, we propose that RAN1 should consider only Option 1 and 8, because their necessity has been made clear, and the other options may be studied if their advantages on performance or deployment scenario are clearly demonstrated.

Proposal: 
Rel-10 Reporting modes should be defined as follows

· Only Option 1 and 8 as a baseline.

· FFS for other options.

· Option 6 can be used in place of option 8 when the number of CSI-RS ports is small e.g. single CSI-RS port (if agreed).

3. Conclusion

In this contribution, we clarified the complexity of Reporting Modes corresponding to TMs and reference antenna ports. We propose the following. 
Proposal: 
Rel-10 Reporting modes should be defined as follows:

· Only Option 1 and 8 as a baseline.

· FFS for other options.

· Option 6 can be used in place of option 8 when the number of CSI-RS ports is small e.g. single CSI-RS port (if agreed).
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Agreement on CSI feedback:


Note that for 2 and 4 tx:


W1 is the identity matrix and is therefore not explicitly signaled


W2 uses the Rel-8 codebook


Only the modes on the following slides are supported


Extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signaled in the same subframe 


Extension of Rel.8 PUCCH Mode 2-1


Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame


UE-specific codebook subset restriction following the Rel.8 principle is supported in Rel.10


Further down-selection of the proposed three PUCCH CSI reporting modes is not precluded in the Rel.10 timeframe























Agreement on transmission mode:


It is agreed that Rel-10 UE are not prohibited from being configured in an existing transmission mode defined in Rel-8 or Rel-9.





One new transmission mode is defined, supporting:


SU-MIMO up to rank-8 and SU/MU dynamic switching


DCI format extended from Format 2B


Consider further the potential benefits of adding a second new transmission mode, e.g. to support a compact MU-MIMO DCI format or to be more optimised for SU-MIMO up to 8 tx













































































Agreement on CSI-RS:


CSI-RS of 2 and 4 ports are also supported in addition to 8 ports in Rel-10


Support of 1 CSI-RS port is FFS:


Benefits compared with CRS


Potential use cases, e.g., HetNets


Benefits from Rel-10 feedback modes


Independent configuration of Rel-8 CRS and Rel-10 CSI-RS ports


There will be a Rel-10 CSI feedback mode that uses only CSI RS for channel estimation.


This does not preclude that all Rel-10 CSI feedback modes use only CSI RS for channel estimation.
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