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1. Introduction

In the RAN #68 meeting, a new work Item, “Elevation Beamforming/Full-Dimension (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 MIMO system, it has been shown during the SI stage by intensive simulation that further improving system performance is possible to accommodate increasing capacity demand [2]. One of the key issues in supporting a two-dimensional antenna array is how to enhance the existing CSI-RS which is based on a one-dimensional antenna array. During SI stage, two CSI-RS categories, i.e., beamformed and non-precoded, have been discussed [3], for which, the objective of this proceeding WI [1] is to:

· Specify enhancements on reference signal in the following areas

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping 

· Beamformed CSI-RS
· Specify enhancements on CSI reporting in the following areas

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8, 12, 16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

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 [4]. As summarized in TR 36.897, non-precoded CSI-RS base scheme are those schemes where different CSI-RS ports have the same wide beam width and direction and cell wide coverage. To support schemes in this category, enhancements on CSI-RS can be considered，for example, those schemes to support NZP CSI-RS resource whose number of antenna ports is not supported in Rel-12, and/or schemes to support multiple NZP CSI-RS resources for a CSI process with a total number of antenna ports that may be different from those supported in Rel-12. Examples of a number of antenna ports per CSI process or per CSI-RS resource that is not supported in Rel-12 include 12, 16, 32, and 64. In this contribution, how to support more than 8 CSI-RS ports, especially 16 CSI-RS ports, will be discussed. 
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 previous RAN1 meeting, it was agreed that for non-precoded CSI-RS, the maximum number of NZP CSI-RS ports could be beyond 8. 
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 three rules: 1) even port and odd port CSI-RS code-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. It’s shown that there are totally 20 2-port CSI-RS in one subframe, or 10 4-port CSI-RS in one subframe, or 5 8-port CSI-RS in one subframe if configured. With further cell-specific sequence randomization and subframe period/offset configuration, it’s possible to mitigate easily the inter-cell CSI-RS interference.
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Figure 1 CSI-RS port mapping in REl.10.
On the other hand, according to WID of EBF/FD-MIMO [1], full-port mapping scheme has the highest priority, where, the full-port mapping means that the full MIMO channel can be measured at the UE, and all the configured NZP CSI-RS may be mapped according to legacy CSI-RS RE mapping patterns. Therefore, following REl.10 CSI-RS design 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, where 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, which result in at most two 16-port CSI-RS configuration supported in one subframe. It’s difficult---though not impossible, to arrange 16-port CSI-RS with further cell specific sequence randomization. In order to mitigate the inter-cell interference of CSI-RS with limited number of configuration, it’s necessary to refine the frequency/time/subframe/offset configuration for each 16-port CSI-RS.
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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.

Compared to reducing number of CSI-RS configuration introduced by combining two 8-port CSI-RS, alternatively, 16 port CSI-RS can be constructed by combining two 8-port CSI-RS from two adjacent subframes as shown in Figure 3.  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. The benefit of combining two-subframe 8-port CSI-RS is to maintain 5 set of CSI-RS per subframe as same as in REl.10 8-port CSI-RS, which will ease inter-cell CSI-RS configuration.
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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, combining legacy 8-port CSI-RS resource and the unused 3rd PDCCH symbol could make a 16-port CSI-RS as shown in figure 5, which could result in three 16-port CSI-RS configuration in one subframe. 
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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 RE mapping 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. 
3. Conclusions
Based on the above discussion, our proposals for study on non-precoded CSI-RS based scheme are as follows:
Proposal: Consider the following scheme on 16-port CSI-RS:

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 symbols when available.
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