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1 Introduction
In 3GPP RAN #68 meeting, the work item on EBF and Full Dimension MIMO (FD-MIMO) was agreed for Release 13. The agreed work scope of the work item as documented in [1] can be summarized as follow:

The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 

· Specify enhancements on reference signal in the following areas: non-precoded CSI-RS, beamformed CSI-RS, SRS, DMRS

· Specify enhancements on CSI reporting
DMRS enhancement for Rel-13 FD-MIMO refers to the specification support for additional DMRS ports. This contribution presents Samsung’s views on DMRS enhancement for FD-MIMO.
2 DMRS enhancement for FD-MIMO
In 3GPP RAN #68, it was agreed to include, as part of the work item scope, the support for additional DMRS ports targeting higher dimensional MU-MIMO [1]. Currently only 2 orthogonal DMRS ports are supported for MU-MIMO operation. In order to enhance the multi-user spatial multiplexing performance in FD-MIMO, it was observed that supporting additional number of orthogonal DMRS ports is beneficial [2].

In the course of FD-MIMO SI, the following three alternatives for supporting additional DMRS ports were captured in 3GPP TR 36.897:
· Alt-1: 12 DMRS REs with OCC=4 for up to total 4 layers per scrambling sequence
· Alt-2: 24 DMRS REs with OCC=2 for up to total 4 layers per scrambling sequence
· Alt-3: 24 DMRS REs with OCC=4 for up to total 8 layers per scrambling sequence
In the following subsections, each of the alternatives will be discussed in terms of their pros and cons.

2.1 Resource utilization
For Alt-1, 12 REs/RB are used for DMRS in order to support up to 4 orthogonal ports. Since the OCC length is 4 and there are 4 orthogonal DMRS ports, the enhanced DMRS will consist of 4 ports whose OCC is a column permutated version of the length 4 Walsh sequence. One example of such a case is to use DMRS ports 7, 8, 11, and 13 as shown in Figure 1(a).
In terms of resource utilization, Alt-1 utilizes 12 REs/RB and therefore compared to Alt-2 and 3, requires the least overhead when supporting 4 orthogonal DMRS ports. The resource utilization for Alt-2 and Alt-3 can be improved by dynamically switching between 12 REs/ERB and 24 REs/RB depending on the number of DMRS ports. For example, if the number of DMRS ports is 2, instead of utilizing all 24 REs, Alt-2 and Alt-3 can utilize only 12 REs to maximize the number of PDSCH REs.
Observation: Alt-1 allows more efficient resource utilization compared to Alt-2 and Alt-3.
1.1 Channel estimation performance
The downside of the efficient resource utilization of Alt-1 is that the power allocated on each port is 3dB lower than that of Alt-2 when 4 orthogonal DMRS ports are simultaneously used. Furthermore, since OCC length 4 is used, the channel estimation performance would be more susceptible to Doppler scenarios. Another implication of using OCC length 4 is that the implementation of UE’s channel estimation would require additional burden. Channel estimation of DMRS with OCC length 2 is already implemented in UE’s modem but in order to support Alt-1, in addition to this implementation, another channel estimation supporting DMRS with OCC length 4 needs to be added.
Observation: Channel estimation performance for Alt-1 and Alt-3 is expected to be less accurate compared to that of Alt-2.
1.1 eNB power imbalance
One issue that was previously discussed during the introduction of DMRS into the LTE specification is the issue of power imbalance across DMRS REs in the time domain [3]. Since orthogonal DMRS ports utilize the same scrambling sequence, it is important to make sure that the power imbalance is minimal. From eNB transmission point of view, Alt-2 and Alt-3 basically re-uses the existing DMRS structure for rank-4 and rank-8 SU-MIMO. Therefore, the power imbalance issue in these alternatives have already been addressed. On the other hand, Alt-1 is something entirely new at least in terms of power imbalance. There are 4 orthogonal OCCs occupying 12 REs.

If we employ precoding to DMRS, the transmit signal for DMRS at the n-th transmit antenna can be represented as
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(1)
where
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 is the precoding weights for the k-th layer at the n-th transmit antenna. Therefore, in the worst case, i.e, 
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, the average to peak transmission power ratio is 0.97dB in OFDM symbol where DMRS REs are located. In contrast, for Alt-2 and 3, peak power is randomized with current DMRS mapping pattern (See Figure 1(a1) (b1) and (c1)). The OCC code used in (1) is as defined in the current LTE specification.
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In Figure 1, the DMRS OCC sequence mapping is depicted for all three alternatives. As shown in the figures, Alt-1 suffers from an uneven distribution of power for the worst case that results in an average to peak transmission power ratio of 0.97dB. Compared to Alt-1, Alt-2 and Alt-3 do not suffer from this issue since the OCC sequences were already designed in consideration for this back in Rel-10.
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(a) Alt-1 structure (b) Alt-2 structure (c)  Alt-3 structure

(a1) Alt-1 example (b1) Alt-2 example (c1)  Alt-3 example


Figure 1. Possible alternatives for supporting 4 orthogonal DMRS ports and the worst case example of transmission power for the OFDM symbol where DMRS REs are located
Observation: In terms of power imbalance, Alt-1 requires additional specification support to address the 0.97dB average to peak transmission power ratio while no further specification support is required for Alt-2 and Alt-3.
Although not discussed in detail, another aspect that needs to be considered in DMRS enhancement is the overhead on the DCI. It is important that the additional number of bits that need to be supported for the new DMRS be minimized as much as possible. The three alternatives can summarized as follows:
Table 1. Comparison of Alt-1, Alt-2, and Alt-3. (( denotes better)
	
	Alt-1
	Alt-2
	Alt-3

	Resource utilization
	(
	
	

	Channel estimation performance
	
	(
	

	UE implementation
	
	(
	

	Power imbalance
	
	(
	(

	DCI overhead
	Need to be studied


Based on the observations in subsections 2.1, 2.2, and 2.3, our proposal for DMRS enhancement in Rel-13 is as follows: 
Proposal: Select either Alt-1(12 DMRS REs with OCC = 4) or Alt-2 (24 DMRS REs with OCC = 2) for further specification work to begin.
2 Conclusions
In this contribution, the DMRS enhancement with additional DMRS ports for multi-use spatial multiplexing was discussed. Based on the following observations, we propose that either Alt-1 or Alt-2 be selected for specification support in Rel-13.
	
	Alt-1
(12 REs with OCC=4)
	Alt-2
(24 REs with OCC=2)
	Alt-3
(24 REs with OCC=4)

	Resource utilization
	(
	
	

	Channel estimation performance
	
	(
	

	UE implementation
	
	(
	

	Power imbalance
	
	(
	(

	DCI overhead
	Need to be studied
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