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1. Introduction

In the RAN #65 meeting, a new study item, “Study on Elevation Beamforming/Full-Dimension (EBF/FD-MIMO) for LTE”, was approved [1]. With a two-dimensional active antenna array exploiting the elevation dimension as well as the azimuth dimension in a MIMO system, it is possible to further improve system performance to accommodate increasing capacity demand. In RAN1#80b meeting and previous meetings [2], intensive discussion on various precoding and non-precoding schemes took place to explore the advantages of two-dimensional AAS, and at the same time strive to keep a reasonable level of specification impacts. Regarding various CSI-RS based precoding scheme, some agreements have been achieved as follows:

Agreements:

Definitions for TR: 

· Non-precoded:

· This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. 

· Beamformed:
· This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions. 

· Note that further fine-tuning of these definitions can be further discussed. 

· FFS how/if CDD-type schemes are categorized according to the above definitions. 

· FFS how hybrid non-precoded/beamformed schemes will be defined according to the above definitions. 

In this contribution, non-precoded CSI-RS based scheme will be discussed, while the discussion on beamformed CSI-RS based scheme could be found in our companion contribution [3].
Furthermore, the newly updated TR36.897 [4] has captured the offline discussion progress, and the non-precoded CSI-RS based scheme has been described as:
--------------------------------------------------------------------------

6.2.1.2
Enhancements related to non-precoded CSI-RS-based schemes

This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. In this category, a CSI reporting scheme is associated with at least two components: codebook(s) for the purpose of PMI reporting of 2-D antenna arrays and its associated CSI reporting modes. Each precoding matrix or vector within a codebook for CSI reporting can be described as W = W1W2 where W is used as a downlink transmission hypothesis for CSI calculation at a UE. For this dual-stage precoding structure, a potential specification enhancement on CSI reporting consists of the following CSI parameters:

· PMI(s) corresponding to W1 and/or W2. Here one or multiple PMIs, such as H-PMI (horizontal dimension) and V-PMI (vertical dimension), are reported for W1 and W2, respectively. If multiple PMIs are reported, different reporting rates and/or granularities for different PMIs may or may not be used.  

· RI: a single RI or multiple RIs

· CQI

Several examples of hypothesized precoding matrix structure of the above scheme can be described as follows. 

…

------------------------------------------------------------------------------------------------------
However, how to support more than 8 CSI-RS ports has not been fully addressed in this TR. In this contribution, some candidates for supporting more than 8 CSI-RS ports are discussed for EBF/FD-MIMO.
2. Considerations on non-precoded CSI-RS scheme for EBF/FD-MIMO
To take full advantage of EBF/FD-MIMO, it is important for the eNB to obtain the channel state information in both the azimuth and elevation directions. In the current system, for TM9 and TM10, CSI-RS with a maximum of 8 ports is used to obtain only the channel state information in one dimension. Therefore, some enhancement on CSI-RS is needed to enable the eNB to obtain a two dimensional CSI. In RAN1#80/80b meeting, it was agreed that for non-precoded CSI-RS, the maximum number of NZP CSI-RS ports could be beyond 8. 
One simple interpretation of a non-precoded CSI-RS based scheme is that one CSI-RS port can only map onto one TXRU. Under this assumption, with {8, 16, 32, 64} TXRUs supported in EB/FD-MIMO, the number of corresponding CSI-RS ports should be increased correspondingly, i.e., 16, 32, 64 port CSI-RS should be defined in this case. In this contribution, we will consider the CSI-RS ports extensions with supporting 16 TXRUs at first. 
Starting from REl.10 CSI-RS port mapping, figure 1 gives an example of CSI-RS mapping in the normal CP case. Basically, the REl.10 CSI-RS mapping design principle follows some principles: 1) even port and odd port CSI-RS coded-multiplexed within two symbols; 2) 2/4/8 ports CSI-RS resource mapping with nest structure; 3) keep impact on legacy UE as small as possible. 
[image: image1.png]2 CSIRS ports 4 CSIRS ports 8 CSLRS ports
012345678910111213 012345678 910111213 012345678 91011213

crs port# 2 CRS port# 4 NYDMRS(Rel-8) port#s, if configured [_JDMRS(Rel9/10) [JPDCCH [_]PDSCH




Figure 1 CSI-RS port mapping in REl.10.
Following similar principles, we can extend 8 CSI-RS port mapping to 16 CSI-RS port mapping by combining multiple 8-port resources, or combing two adjacent subframes, or combing two adjacent RBs, or using unused PDCCH symbol to construct a 16-port CSI-RS.
2.1. 16 port CSI-RS mapping by combining multiple 8-port CSI-RS.

In this scheme, a 16 port CSI-RS can be constructed by combining multiple 8-port CSI-RS as shown in Figure 2, which the left half of the figure shows the legacy 8-port CSI-RS mapping in Rel.10, and the right one combines two 8-port CSI-RS to form a 16-port CSI-RS. In principle, any 2 of 5 set of 8-port CSI-RS could be combined to construct 16-port CSI-RS. Considering backward compatibility and guaranteeing channel quality measurement accuracy, a comparatively good way to design 16-port CSI-RS is to combine two adjacent 8-port CSI-RS as shown in figure 2.
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Figure 2 16 port CSI-RS mapping with combining two 8-port CSI-RS.
2.2. 16 port CSI-RS mapping by combining two-subframe 8-port CSI-RS.

In this scheme, a 16 port CSI-RS can be constructed by combining two 8-port CSI-RS from two adjacent subframes as shown in Figure 4.  In order to support it, some specification either implicit or explicit, should be defined regarding the relationship of periodicity and offset between the first subframe and the second subframe. 
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Figure 3 16 port CSI-RS mapping with combining two-subframe 8-port CSI-RS.  
2.3. 16 port CSI-RS mapping by combining two-RB 8-port CSI-RS.

In this scheme, a 16 port CSI-RS can be constructed by combining two 8-port CSI-RS from two adjacent RB pairs as shown in Figure 4. It’s not necessary to transmit full bandwidth CSI-RS in this case. For example, the RBs with CSI-RS could be informed explicitly or implicitly, when in implicit case, some signaling will be needed to indicate the periodicity and offset of the 8-port CSI-RS in the second RB compared to that in the first RB. 
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Figure 4 16 port CSI-RS mapping with combining two-RB 8-port CSI-RS.
2.4. 16 port CSI-RS mapping using unused PDCCH symbols.

When backward compatibility and legacy impact is not a main factor in some cases, adding some new resource could be one option, for example, using the 3rd OFDM symbol when PDCCH is squeezed within the first two symbols in one subframe. In this case, using legacy 8-port CSI-RS resource and unused PDCCH symbol could make a 16-port CSI-RS as shown in figure 5.
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Figure 5 16 port CSI-RS mapping with combining 8-port CSI-RS and unused PDCCH symbol.

On the other hand, a further step to equally distributing the resources for each port in one RB, or two RBs, or two subframes, for the purpose of averaging channel estimation performance of each port, could be considered for each case. Considering these varieties of CSI-RS resource mapping, it’s necessary to capture these options in TR, and further down-select some good mapping scheme(s) at WI stage. 
3. Conclusions
Based on the above discussion, our proposals for study on non-precoded CSI-RS based scheme are as follows:
Proposal: to capture the following text on 16-port CSI-RS into TR:

16-port CSI-RS could be constructed either by 

· combining multiple 8-port CSI-RS in one subframe;
· combining two-subframe 8-port CSI-RS;
· combining two-RB 8-port CSI-RS in one subframe;
· Combining one 8-port CSI-RS and unused PDCCH symbol when available.
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