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1 Introduction
In RAN#65, a study item on elevation beamforming and full dimensional (FD) MIMO was approved [1]. One of the objectives of the study item is evaluate possible enhancements to the reference signals in FD-MIMO scenarios. In this contribution we provide our views on the of DM-RS enhancements.
2 Legacy DM-RS structure 
In LTE Rel-9, dual-layer beamforming based transmission mode 8 (TM8) is introduced. In TM8, PDSCH demodulation is based on DMRS. One DMRS port is precoded using the same precoder as its associated PDSCH layer. For MU-MIMO, transparent MU-MIMO is supported because DMRS overhead does not change with the increase of MU-MIMO transmission rank. In maximum four rank one users can be served in one MU-MIMO transmission. In order to support four rank one users with only two DMRS port 7/8, one additional scrambling code SCID=1 is introduced. Thus four rank one users will use {DMRS, SCID} pair which belongs to {7/8, 0/1} to generate DMRS sequences. Because DMRS with different SCID are not orthogonal, eNB has to rely on spatial precoding to mitigate the inter-user interference.
In LTE Rel-10, TM9 extends the DMRS structure of TM8 to support up to rank eight SU-MIMO transmission. But when it comes to MU-MIMO, TM9 simply keeps the same MU-MIMO transmission order as TM8. Two DMRS ports {11, 13} are added to the same 12 REs of DMRS ports {7, 8} using length four orthogonal cover code. The second group of 12 REs are reserved for the other four DMRS ports {9, 10, 12, 14}. When the transmission rank is greater than 2, both DMRS groups are used.
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Figure 1: Illustration of DMRS in transmission mode 9.

In LTE Rel-11, TM10 keeps the same DMRS structure as TM9. But instead of using physical cell ID to initialize the DMRS sequence, two virtual cell IDs can be configured for each UE using RRC signaling. The SCID signaling in DCI Format 2D will dynamically choose one of the virtual cell ID to initialize the DMRS sequence for a given PDSCH transmission. Due to the introduction of virtual cell ID, one physical cell can configure UE with maximum 504 different virtual cell IDs. Together with 2 orthogonal DMRS ports and 2 different SCID, in total one physical cell is able to configure its served UEs with 2016 unique DMRS sequences. Thus number of DMRS sequences is sufficient to support high order MU-MIMO transmission. However, only DMRS port 7 and 8 of the same {virtual cell ID, SCID} based DMRS are orthogonal. Therefore some proposals has be made to extend orthogonal structure in MU-MIMO to larger number of layers.
3 Discussion on DM-RS enhancements
The commonly proposed approach to improve DM-RS is orthogonal multiplexing of larger number of DM-RS antenna ports for MU-MIMO. Typically two options of the DM-RS enhancements are considered that would allow orthogonal DM-RS multiplexing for two UEs with rank two transmissions or four UEs with rank one transmission [2,3]: 

· Option 1: 4 orthogonal DMRS ports with 24 REs and OCC length=2

· Option 2: 4 orthogonal DMRS ports with 12 REs and OCC length=4
In the first option the orthogonallity between DM-RS antenna ports of the co-scheduled UEs is achieved via frequency division multiplexing. However, as mentioned in [2] the drawback is additional overhead of 12 REs that would remain over entire resource allocation even there are no co-scheduled UEs on some of the resource blocks (RB). In addition to the negative impact on the overhead, the interference covariance matrix estimation from DM-RS may be impacted. For example, the interference covariance matrix estimated from option-1 DM-RS would be mismatched with interference on PDSCH and, therefore, would degrade the MMSE-IRC receiver performance. Based on the discussion the following proposal can be made:
Proposals:
· Consider impact of the additional overhead in the DM-RS enhancement
· The overhead should be accounted over entire resource allocation of the UE even there are no co-scheduled UEs in some of the resource blocks

· Consider impact to interference cancellation and suppression receivers such as MMSE-IRC

· The interference covariance matrix estimated from DM-RS may be mismatched with interference on PDSCH

The second approach for DM-RS enhancements relies on the longer OCC code of length 4 to achieve orthogonal DM-RS multiplexing. This option solves the overhead issue. However, comparing to DM-RS option 1, the drawback is larger sensitivity to channel variation in time-domain and power de-boosting that could reduce signal-to-noise ratio [2] and interference-to-noise ratio on DM-RS – the ratio of intra-cell interference for orthogonal antenna port to interference from other non-orthogonal transmissions. The lower INR values typically diminish the gains from orthogonal DM-RS design comparing to non-orthogonal DM-RS multiplexing.
Proposal:

· Consider impact of power de-boosting on SNR and INR in evaluation of the DM-RS enhancements
Finally, both of the DM-RS enhancement options puts some restriction in the UE scheduling. In other words, UE that was assigned with the specific antenna ports may not be paired (co-scheduled) with another UE which is using the same antenna ports. This is in contrast the non-orthogonal DM-RS multiplexing with different virtual ID, where UEs may be paired in more flexible manner. 
Proposal:

· Consider impact of scheduling restriction in orthogonal DM-RS design
· UE that was assigned with the specific antenna ports may not be paired (co-scheduled) with another UE which is using the same antenna ports

4 PRB bundling enhancements

Alternative approach to improve the performance of DM-RS without significant impact on the scheduling restriction is larger size of the precoding resource groups (PRG). Increasing PRG size, potentially with dynamic indication whether the increased PRG size is currently valid, may be used to improve the channel estimation performance via higher processing gain. For example, PRG size may be aligned with the size of resource block group (RBG) and the DCI-based signalling may be used to indicate whether the larger or conventional size of PRG is currently valid for the transmission of PDSCH.     
Proposal:

· Consider to improve DM-RS by using larger size of PRG and dynamic switching between conventional and increased PRG sizes.
5 Summary

In this contribution we have discussed possible options for DM-RS enhancements. For evaluation of DM-RS enhancements the following proposals were made:
· Consider impact of the additional overhead in the DM-RS enhancement

· The overhead should be accounted over entire resource allocation of the UE even there are no co-scheduled UEs in some of the resource blocks

· Consider impact to interference cancellation and suppression receivers such as MMSE-IRC

· The interference covariance matrix estimated from DM-RS may be mismatched with interference on PDSCH

· Consider impact of power de-boosting on SNR and INR in the evaluations of the DM-RS enhancements

· Consider impact of scheduling restriction in orthogonal DM-RS design

· UE that was assigned with the specific antenna ports may not be paired (co-scheduled) with another UE which is using the same antenna ports

For the possible DM-RS enhancements the following proposal was made:

· Consider to improve DM-RS by using large size of PRG and dynamic switching between conventional and increased PRG sizes
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