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1 Introduction 
In RAN1#62bis, the details of DCI format 2C to support transmission mode 9 (TM9) were agreed.  The rank adaptation in DCI format 2C was agreed based on the joint coding of antenna port, scrambling identities and number of layers [1].  The rank adaptation in DCI format 2C for transmission mode 9 supports Rel-10 multi-layer beamforming up to 8 layer spatial multiplexing.  
One aspect that remains to be concluded for TM9 is codebook subset restriction, which is defined for transmission modes 3, 4, 5, 6 and 8 in Rel-8/9, but the details are not yet agreed for the 8 Tx case of TM9. 

2 Discussion of codebook- and antenna-related signalling
2.1 Codebook subset restriction

Codebook subset restriction serves a number of purposes, including preventing the UE from providing feedback corresponding to precoders which are inappropriate for the eNB’s antenna or amplifier configuration. It is therefore important to specify codebook subset restriction also for the 8 Tx case for TM9.  
The 2-Tx and 4-Tx codebooks are the same as in Rel-8, and therefore the same 6-bit and 64-bit bitmaps can be used as for TM4, as already indicated in the endorsed CR for 36.213 (although the square brackets need to be removed). 
(Note also that another option for rank-2 feedback would be 32-bit bitmaps or to set the highest 32 bits of the 4Tx 64-bit bitmap to 0.)

The 8-Tx codebook is split into W1 and W2 components. Across ranks 1 to 8, there are a total of 53 hypotheses for W1 and 56 hypotheses for W2. Therefore a total bitmap of 109 entries is needed for codebook subset restriction for the 8-Tx codebook.
2.2 Codebook selection
It is also necessary to consider for TM9 how to select the appropriate codebook. 

The configuration of the number of each type of antenna port can be summarised as follows:

· Number of CRS ports: cell-specific, statically configured

· Number of CSI-RS ports: cell-specific, semi-statically configured
· Number of DM-RS ports in TM9: UE-specific, dynamically configured. 

In Rel-8/9, the choice of codebook for CSI feedback is determined from the number of CRS ports, which also determines the selection of the bitmap for codebook subset restriction. 

For TM9 in Rel-10, it needs to be agreed how the codebook is selected for CSI feedback.

This is related to the question of UE capabilities. 

We assume:

· All Rel-10 UEs will mandatorily support TM9

· Not all Rel-10 UEs will support 8-layer transmission

It would in theory be possible to require all Rel-10 UEs to support channel state estimation with 8 CSI-RS ports even if they do not support 8 DM-RS ports for 8-layer transmission. They would then be capable of sending up to (e.g.) rank-4 feedback based on the 8-Tx codebook. 

However, in view of the fact that 8 CSI-RS ports are not likely to be widely deployed at the beginning of Rel-10, it seems unsuitable or even impossible to make support of 8 CSI-RS ports mandatory for Rel-10 UEs.
Nevertheless, it is important to make the future deployment of 8 CSI-RS ports as straightforward as possible. 

Therefore it seems appropriate to enable the codebook for CSI feedback to be configured independently of the number of CSI-RS ports on a UE-specific basis. We propose to signal this together with the codebook subset restriction. 
For example, if a UE were signalled to use the 4 Tx codebook for CSI feedback, it would use only the first 4 CSI-RS ports for channel state estimation, even if 8 CSI-RS ports were configured in the cell. 
3 Summary
We have discussed the codebook selection and subset restriction. 
We suggest that TM9 should follow the principle of codebook selection and subset restriction defined for Rel-9 TM8 to support codebook subset restriction of 2, 4, and 8 Tx antenna.  It is an eNB implementation issue to configure the codebook subset restriction based on physical or virtual antennas, UE capabilities and other considerations.  
We therefore propose:
· Codebook subset restriction is specified for TM9.  

· The 2-Tx and 4-Tx codebooks are the same as in Rel-8, and therefore the same 6-bit and 64-bit bitmaps can be used as for TM4. 

· A bitmap of 109 entries is used for codebook subset restriction for the 8-Tx codebook.

· The codebook for CSI feedback is configured independently of the number of CSI-RS ports on a UE-specific basis. 

· This is signalled together with the codebook subset restriction. (2 bits should be sufficient to signal the 2-Tx, 4-Tx or 8-Tx codebook).

· If these proposals are agreed, an LS should be sent to RAN2 to update them on the signalling requirements. 
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