	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #85	R1-164770
Nanjing, China 23rd - 27th May 2016
[bookmark: Source]Agenda item:	6.2.3.1.1
Source: 	Samsung
Title: 	Port-based CSI-RS overhead reduction
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
One of the objectives for Rel.14 WI on enhanced FD_MIMO (eFD-MIMO) is to specify the following three enhancements on reference signal [1]:
· Specify enhancements on reference signal in the following areas [RAN1]
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· …
In RAN1#84bis, “partial-port” CSI-RS mapping (port-based overhead reduction) was included as one possible alternative for CSI-RS density reduction [6].
This contribution presents a mechanism for supporting partial-port CSI-RS mapping based on the Rel.13 FD-MIMO framework with a small amount of specification enhancement. In particular, it will be demonstrated that port-based decomposition (also termed the partial-port CSI-RS mapping in [2]) can be supported via a simple extension of the existing CLASS B eMIMO-Type.

Partial-port CSI-RS
1 
Motivation 
To reduce CSI-RS overhead, a P-port CSI-RS can be decomposed in time- and/or frequency-domain into K parts. In time- and frequency-domain decompositions, CSI-RS is transmitted via all the ports within one or multiple subframes. Therefore, for a given subframe, it is possible that CSI-RS is only transmitted across a subset of the P ports – at least for some schemes of CSI-RS decomposition. Despite using K-part decomposition, such a design is termed “full-port” CSI-RS mapping and discussed in a companion contribution [3]. In this case, a UE is configured to measure CSI-RS with a total of P ports (consisting of by K parts) and calculate one P-port CSI by taking into account all the K parts. Therefore, there is only one CSI report for all the K CSI-RS parts.  
Another option for reducing CSI-RS overhead, termed “partial-port” CSI-RS mapping, also decomposes a P-port CSI-RS into K parts. However, unlike “full-port” mapping, the UE is configured to measure each of the K CSI-RS parts independently and calculates one CSI per CSI-RS part. Therefore, there are a total of K independent CSI reports for all the K CSI-RS parts. Having received K independent CSI reports, the eNB estimates or constructs a P-port CSI from these K independent reports. Therefore, a “full-port” CSI-RS requires a P-port codebook for CSI calculation. On the other hand, a “partial-port” CSI-RS does not. For the i-th part composed of Pi ports, the UE requires a Pi-port codebook where Pi is much smaller than P. 
This contribution focuses on “partial-port” CSI-RS as defined above.
Other than decomposing a P-port CSI-RS into K parts (hence ), this “partial-port” CSI-RS can also be used to further reduce CSI-RS overhead when . Two examples illustrating each of these two use cases, along with their applications, will be provided below. 
Example 1 ()
An example of this scheme is illustrated in Figure 1 where a 32-port CSI-RS is partitioned into four 8-port transmissions. While there are different ways to implement such partial-port mapping, it is possible to use one CSI process consisting of four 8-port NZP CSI-RS resources. In this scheme, the UE reports four different/independent 8-port CSI reports, with each report assuming an 8-port codebook. 
Thus, the partitioning of CSI-RS into 4 parts is UE-transparent. Here, transparency is defined in terms of the 32-port composite CSI-RS pattern which needs to be assumed in CSI calculation. In this case, the UE only needs to be configured with an 8-port Rel.13 codebook (either legacy or the new CLASS A codebook with N1=N2=2 – although the second alternative does not fit with the illustration in Figure 1). 
As evident, this scheme may suffer from CSI reconstruction error at the eNB. This reconstruction error comes due to the so-called implicit feedback paradigm used in LTE. That is, deriving an accurate 32-port CSI at the eNB from four independent 8-port CSI reports is a challenging task. However, in a companion contribution [4], it is demonstrated that partial-port CSI-RS does not suffer from CSI reconstruction error when used with explicit channel feedback. 


[bookmark: _Ref447062022]Figure 1 An example of partial-port CSI-RS for 32 ports: four 8-port resources
Example 2 ()
Another example to implement a 32-port CSI-RS is to configure a UE with two NZP CSI-RS resources within one CSI process. From eNB perspective, the first 4-port resource is associated with the vertical (or the first) dimension while the second 8-port resource with the horizontal (the second) dimension – see also a companion contribution [5] for some system-level simulation results. The UE is then configured to report a CSI for each of the two CSI-RS resources. From UE perspective, the UE reports two different/independent CSI feedbacks – one associated with 4 ports (based on a 4-port ULA codebook), the other 8 ports (based on an 8-port dual-polarized codebook). 


Figure 2 An example of partial-port CSI-RS for 32 ports: two V (4-port ULA) and H (8-port dual-pol) resources

In terms of CSI reporting, it should be noted that in each of the above two examples, a CSI report can be composed of full CSI (CQI/PMI/RI) or partial CSI (e.g. PMI/RI or partial PMI/RI or partial PMI). Partial CSI reporting is applicable especially when partial-port mapping is used in conjunction with other types of CSI-RS.  

Proposal: Partial-port CSI-RS is supported as a reduced overhead CSI-RS scheme to support CSI-RS with >16 ports
· One CSI process configured with K NZP CSI-RS resources 
· CSI reporting performed for each of the K CSI-RS resources 

Utilizing CLASS B eMIMO-Type with K>1 
From the above description, it is apparent that partial-port CSI-RS (where one CSI process is configured with multiple NZP CSI-RS resources) bears some affinity with CLASS B eMIMO-Type with K>1. Two small specification changes are needed to support partial-port CSI-RS:
· CRI reporting is made configurable hence can be turned off for the UE of interest when partial-port CSI-RS is implemented 
· CSI calculation procedure depending on the chosen scheme: currently only one CSI report associated with the recommended CSI-RS resource (index) is performed. For partial-port CSI-RS, CSI reporting needs to be performed for each of the K CSI-RS resources.

Proposal: Partial-port CSI-RS is supported via CLASS B eMIMO-Type with K>1 with two specification enhancements:
· CRI reporting is made configurable (ON and OFF)
· CSI reporting performed for each of the K CSI-RS resources 

[bookmark: _Ref446598642]Conclusions
In this contribution, the benefits of partial-port CSI-RS (i.e. port-domain CSI-RS subsampling) are discussed. Our proposal can be summarized as follows:
· Partial-port CSI-RS is supported as a reduced overhead CSI-RS scheme to support CSI-RS with >16 ports
· One CSI process configured with K NZP CSI-RS resources 
· CSI reporting performed for each of the K CSI-RS resources
· Partial-port CSI-RS is supported via CLASS B eMIMO-Type with K>1 with two specification enhancements:
· CRI reporting is made configurable (ON and OFF)
· CSI reporting performed for each of the K CSI-RS resources
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