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1 [bookmark: _GoBack]Introduction 
 The WG1 #82bis meeting agreed a rank 1 CB for Class A [1], and higher rank CBs are proposed in the email reflector [82b-13]. In order to support PUCCH based P-CSI reporting, an appropriate CB subsampling is quite necessary. This contribution deals with the CB subsampling, and the companion contribution [2] describes report types for the P-CSI reporting.
2 Discussion
The agreed rank 1 Class A CB for PUSCH reporting [1] includes many configurable CBs as a consequence of compromises between companies. It is the serving cell’s duty to select the appropriate CB parameters in the considering scenario. However all Rel-13 CB configurations will have more bits than the legacy CB, and we think it is natural to discuss the subsampling scheme for Rel-13 CB to support PUCCH-based P-CSI for 12 ports and 16 ports. Although the Rel-13 CB design is going to complete in the #83 meeting, but we can discuss the CB subsampling for at least rank 1. The CB subsampling discussion should be tightly associated with the CSI report types, which is discussed in our companion contribution [2]. Those may include: 
2.1 Design principle for CB subsampling
 If we assume that PUCCH format 2 based P-CSI reporting, then the Rel-13 CB subsampling discussion may follow the similar discussion in previous LTE releases. We observe the following design principles can be reused or directly extended.
Observation:
· The subsampled beam grid should cover all angular spread in both domains.
· Both  and  are subsampled.
 The payload of PUCCH format 2 is kept to 11 bits in previous LTE releases. It is because the PUCCH coverage is reduced if the code rate becomes higher. In the Rel-13 EBF scenario, we can load 12 bits or 13 bits in a single PUCCH format 2 for some of CSI report types while we satisfy the PUCCH detection probability. We can rely on two approaches to restore the PUCCH coverage. The first approach is to exploit the Rx beamforming gain at the serving cell. The Rel-13 EBF capable cell will have more RxUs than 4, and will receive the stronger signal strength and the weaker interferences by sharper Rx beamforming. The second approach is to exploit the Tx processing at the UE. The serving cell may send appropriate TPC commands for PUCCH, and the UE can adjust the transmission power for particular CSI report type. The increased battery consumption may not be significant if the CSI report type occurs infrequently. If the UE uses more Tx antennas, then additional Tx beamforming gain can be enhance the PUCCH coverage.
Proposal:
· A single PUCCH subframe carries more than 11 bits for some CSI report type.
In the introduction of double CB scheme in Rel-10, the payload of PMI (W) is increased to 8 bits from 4 bits. This split the W into two pieces to support P-CSI reporting based on the PUCCH format 2. The first PMI piece () and the second piece () serve different roles and are delievered by different PUCCH subframes. This principle can be extended to Rel-13 CB subsampling. The payload of Rel-13 W1 is further increased, and we can decompose  into  and . The  and  will capture different domain of channels and each domain of channel has different characteristics. This allows us to different CSI types for  and .
Proposal:
· A single PUCCH subframe may not carry both  and .
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4] The agreed Rel-13 CB structure allows a various () quadruples, and each of which may define different P-CSI feedback behaviour. Even we might specify optimized P-CSI feedback behaviours in terms of some performance metric, we need a lot of efforts to agree within only one WG meeting. Another concern may be the total number of UE test cases. The number of Rel-13 CB is 48. It is a huge increase compared to legacy LTE, which has 3 CBs. Furthermore, it is generally believed that the P-CSI reporting provides the rough channel estimate to the serving cell and the more accurate channel estimate will be given by the A-CSI reporting. This leads to a unified Rel-13 subsampling for a CB quadruple so that a UE perform a single behaviour for P-CSI regardless of the CB configuration. 
Proposal:
· A single subsampling pattern is used for all CB configurations 1~4. 
2.2 Subsampling for CB Class A
In this section, we discuss a CB subsampling following the proposed design principle.
To obtain the single subsampling pattern, the beam group spacing parameters () and selected  indices per rank  should be aligned across CB configuration. One possible approach is to fix one beam group spacing parameters () and a common set of values for . For instance, the beam group spacing may the maximum value of () among all CB configurations.
:
The subsampled beam grid for the second domain should cover the entire second angular domain. A pair () determines the size of a beam grid, and the beam group ( for the second domain if , or otherwise) determines the subsampling rate. Thus, the subsampled  of rank 1 will be . The residual index  can depend on the chosen . For example,  is included in the set . The last term is beneficial to minimize the distance on the beam grid between the subsampled PMI and the estimated PMI. Since the channel fluctuates at random, we subsample the beam grid uniformly. For higher ranks>1, the same principle is applied. The number of entries for encoded  is  where  is a decimation factor of rank  to manage PUCCH payload size.
: 
 The   and   are represented by less than 11 bits for all CB configurations and for all () quadruples. It is not required to subsample for this CSI report type.
: 
The legacy RI+PTI encoding is to multiplex the coded RI and the PTI. The proposed  is to allow the joint coding of RI and , which is used for mode 1-1-2, and to multiplex with PTI. This will decrease the RI coverage compared to the legacy P-CSI mode 2-1 due to the increased payload of , but the reduce RI coverage will be similar to that of mode 1-1-2.
: 
The payload of WB CQI is 4 bits if RI=1, and 7 bits if RI>1. The higher rank CB (RI>1) will allow less than or equal to 4 bits to represent the subsampled beam grid if the payload budget is 11 bits. Practically, 4 bits of 2D PMI are few to achieve MU-MIMO gain for some CB parameters (). In this case, we can consider the additional 1 bit or 2 bits to represent a WB PMI.
3 Conclusion
In this contribution, we discuss the design principle of CB subsampling for Rel-13 EBF. We make the following observations and proposals.
Observation:
· The subsampled beam grid should cover all angular spread in both domains.
· Both  and  are subsampled.
Proposal:
· A single PUCCH subframe carries more than 11 bits for some CSI report type.
· A single PUCCH subframe may not carry both  and .
· A single subsampling pattern is used for all CB configurations 1~4. 
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