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1. Introduction

In this contribution, we discuss whether all Rel-10 UEs should support the Rel-10 8 Tx codebook, or whether this support should be specified in only those situations where it is required.

In RAN1 #62, codebook design for 2 Tx, 4 Tx and 8 Tx was discussed and the following agreements were achieved as described in [1]:
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According to the above agreements, two codebooks will be specified in Rel-10. One is the same codebook as Rel-8 which is used in every cell, and the other is a new Rel-10 8 Tx codebook which is used only in the cells which would be operating 8 CSI-RS ports. It has also been agreed that 4 Tx is the priority [3]. 
There are pros and cons to the following two Options for support of the Rel-10 8 Tx codebook – 

Option 1 - whether all Rel-10 UEs should support the Rel-10 8 Tx codebook, or 

Option 2 - whether this support should be specified in only those situations where it is required. 

In this contribution we analyze these options, and propose that RAN WG1 should discuss this topic and agree on the best option.
2. Discussion on Capability of 8 Tx Codebook
In [4], it was shown that only some UE Categories/Capabilities support 8 layers. Therefore, the signaled UE support for 8 layers has the ability to indicate that the UE supports the 8 Tx codebook.
The new 8 Tx Rel-10 codebook described in [2] is needed only for the 8 CSI-RS cell. However, if the great majority of eNBs place up to 4 CSI-RS cells only in realistic environments, most of the Rel-10 UEs will not need to use the 8 Tx codebook. In this section, we discuss whether all Rel-10 UEs should support the 8 Tx codebook or whether better options are available.

Option 1: All Rel-10 UEs support the 8 Tx codebook

In Option 1, all Rel-10 UEs will support both the Rel-8 codebook and the 8 Tx codebook．Reporting modes that use only CSI-RS can be configured in all UEs served by either 8 CSI-RS cells or up to 4 CSI-RS cells in this option. 
Option 1 has the advantage of simplification on the network side, because all UEs are treated similarly in this context. Option 1 also has the advantage that it is not necessary for RAN1/RAN2/RAN4 to undertake the effort to specify explicit signaling of the UE capabilities as is necessary for Option 2-b below.

From the transmission mode (TM) perspective, at least in 8 CSI-RS cells, TM9 will be associated with the reporting mode using only CSI-RS. In this sense, in this Option, all Rel-10 UEs can be configured to TM9 with no restrictions, while as shown in Figure 1 and Figure 2, the capability of TM9 configuration in the other Options will be restricted depending on the number of CSI-RS port in the cell. Therefore, it requires less complexity of network in Option 1, since it assures full flexibility of TM configuration even in 8 CSI-RS cells.

On the other hand, RAN4 may need to give a high priority to defining a new testing methodology for the Rel-10 8 Tx codebook so that the support of reporting modes using 8 port CSI-RS is mandatory feature in this case. 

Option 2: Option 2 allows Rel-10 UEs which do not support the 8 Tx codebook. To realize this option, it is necessary to signal implicitly/explicitly whether the 8 Tx codebook is supported or not. This signaling, and the creation of 2 types of UE, adds some overhead and complexity.

Option 2-a: The 8 Tx codebook can be used by only those UEs which implicitly indicate support for the 8 Tx codebook via their Category/Capability signaling, thus the 8 Tx codebook can be used by only those UEs which support 8 layers.

In this option, support of 8 Tx codebook is implicitly mapped to the capability of the number of supported layers. This means that the UEs with support for other layers can’t use these reporting modes, while only UEs supporting 8 layers can use reporting modes that use only CSI-RS in 8 CSI-RS cells. In this case, Option 2-a has the advantage that RAN4 can set a lower priority of the test definition for Option 2-a than in the case of Option 1. However, Option 2-a has the disadvantage that configuration of reporting modes that use only CSI-RS in 8 CSI-RS cells is limited to 8 layer UEs. 
 From the TM perspective, Rel-10 category 1-7 UEs may be limited not to be configured to TM 9 in 8 CSI-RS cells if TM 9 allows only the Rel-10 CSI feedback using CSI-RS to be configured. Therefore, Option 2-a has the disadvantage that it may causes less flexibility of TM configuration in Option 2-a compared to that in Option 1.
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Figure 1: TM9 configuration in Option 2-a.

Option 2-b: The Rel-10 8 Tx codebook can be used by only those UEs whose capability explicitly indicates support for the 8 Tx codebook

In this option, each Rel-10 UE explicitly informs eNB of the capability associated with support of 8 Tx codebook, e.g. defining a new UE capability parameter. Only UEs supporting 8 Tx codebook can be configured for these reporting modes in 8 CSI-RS cells, while the other UEs can’t use them there. The priority of the test definition may be low as in Option 2-a. However, Option 2-b has the disadvantage that the configuration of reporting modes that use only CSI-RS in 8 CSI-RS cells is limited to UEs who support 8 Tx codebook. Therefore, it may causes less flexibility of TM configuration in Option 2-a compared to that in Option 1. In addition to that, a new UE capability parameter has to be specified in Option 2-b.
 From the viewpoint of TM, Option 2-b has the disadvantage that Rel-10 UEs which do not support 8 Tx codebook, may be limited not to be configured TM 9 in 8 CSI-RS cells if TM 9 allows only the Rel-10 CSI feedback using CSI-RS to be configured.
Option 2-b has a further disadvantage that it is necessary for RAN1/RAN2/RAN4 to undertake the effort to specify the explicit signaling of the UE capabilities.
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Figure 2: TM9 configuration in Option 2-b.
SUMMARY 

Some Options for support of the Rel-10 8 Tx codebook were discussed above. Each option has both advantages and drawbacks. RAN1 should decide whether Option 1 or Option 2-a/2-b for the 8 Tx codebook is supported by all UEs or not, taking into  consideration the network complexity as well as expansion scenario of 8 CSI-RS cells. If we decide not to choose Option 1, RAN1 will need to  study further how UEs indicate their capability for 8 Tx codebook support to eNB, such as Option 2-a and Option 2-b.

Proposal: 
· RAN1 should decide whether all Rel-10 UEs shall support the 8 Tx codebook or not.

· Option 1, All Rel-10 UEs support the 8 Tx codebook, has some advantages.

3. Conclusion

In this contribution, we discussed options for UE support of the 8 Tx codebook, and we propose the following:

· RAN1 should decide whether all UEs support the 8 Tx codebook or not.

· Option 1, All Rel-10 UEs support the 8 Tx codebook, has some advantages.
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Finally the following is agreed:


2Tx Rel.10 codebook is the 2Tx Rel.8 codebook


4Tx Rel.10 codebook is the 4Tx Rel.8 codebook


2 & 4 Tx Rel.10 CQI, and if possible PMI/RI, feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account


8 Tx Rel.10 CQI (at least) feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account























The following is agreed: 


Slides 2 and 3 (in [2]) are agreed, with the following corrections:


Slide 2: Rank 1 and 2: 16 (not 8) W1 matrices per rank


Slide 3: Rank 3 and 4: 8 (not 4) W1 matrices per rank


The codebooks that result from the expressions on slides 4, 5 and 6 (in [2]) are agreed


Details of co-phasing/selection for W2 are agreed, unless consensus is reached on an alternative by Friday. 


If a significant problem is identified, these details can be revisited at RAN1#62bis


If mode 3-2 is agreed, consider refinements that reduce the overhead, taking the performance/overhead tradeoff into account
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