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1 Introduction
RS overhead reduction is considered for small cell to improve spectral efficiency [1][2] [3]. In several small cell scenarios, the reliability of DMRS could be very high. The design of Rel. 9/10 DMRS support UEs with various channel condition. Then its overhead is too much for some UEs. In such scenarios, the reduction of DMRS improves the spectral efficiency. 
In this document we discuss the target scenarios and operation of reduced DMRS.
2 Discussion
Target scenarios
In some of small cell scenarios, following channel condition would be observed.
· Low mobility UE 
Flat channel condition in time domain.
· Small delay spread in indoor scenarios
Flat channel condition in frequency domain.
· High SINR
The channel estimation could be very reliable
· A small number of UEs in a small cell 
the service for one user may be continuous subframes and multiple PRBs.
Time domain and/or frequency domain bundling can be used for channel estimation but additional specification is necessary for time domain bundling. 
Downlink DMRS reductions both in time, frequency and mixed domain are considered as shown in Figure 1.
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                       (a)Time domain                             (b) Frequency domain                              (C) Mixed   
Figure 1 Downlink DMRS reductions
For control channel (EPDCCH and PUCCH), PRB pairs are shared by multiple UEs. Control channels cannot be recovered by HARQ, and are therefore one-shot transmissions for which a good channel estimation greatly contributes to the successful reception. The number of available antenna ports could limits the RE usability for EPDCCH. To support PRB bundling in EPDCCH would require big modification of EPDCCH design. For these reasons, we propose current DMRS should be kept for transmissions of PRB used for EPDCCH.
Both BCT (backward compatible carrier type) and NCT would be supported on small cell. The reduced DMRS should be supported on both BCT and NCT for shared channel transmissions, since even in case a failed reception can be attributed to sub optimum channel estimation, the transport boock(s) can be recovered by using HARQ. We propose the design of reduced DMRS is based on Rel.10 DMRS. It minimizes impact on specification and implementation in BCT. If NCT support new CSI-RS position/ discovery signal, different design/location of DMRS might be possible. It is under discussion whether there is new signal or not in NCT. So this contribution focuses on the reduced DMRS design for the BCT case. 
In current DL DMRS design, 4 REs for OCC length 4 Walsh are allocated on same subcarrier in order to support rank >4 SU-MIMO. To support higher rank operation, time domain reduced DMRS is not suitable. For UL, MU-MIMO is supported by OCC length 2 Walsh with DMRS located on each slots. If DMRS is located on only one slot for reduced DMRS, MU-MIMO is not supported in PUSCH based on current MU-MIMO design principle. It is not preferable to limit MIMO operation for both DL and UL by reduced DMRS operation. 
Simulation results on reduced DL DMRS 
We compare the following four DMRS patterns. The different letters show DMRS location in Figure 2. The pattern “ABCDEF” is legacy DMRS. The pattern “ACDF” and “BE” are frequency domain reduced DMRS. The pattern “ABC” is time domain reduced DMRS.
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Figure 2 DMRS reduced patterns
Figure 3 and Figure 4 show PDSCH BLER with rank1 in EPA 3km/h and 30km/h, respectively. Figure 5 shows PDSCH BLER with rank 4in EPA 3km/h. Other simulation assumptions are given in Appendix. 
For higher SNRs we observe that DMRS reduction have gain over legacy DMRS pattern (ABCDEF). The gain comes from lower coding rate of PDSCH compared to legacy DMRS in reliable channel estimation. However in middle speed UE (30km/h), the performance of BLER of time reduction DMRS (ABC) is decreased. In this case, frequency reduction patterns (ACDF and BE) are suitable. For low SNR, only 4 RE DMRS pattern (BE) has low performance in both 3km/h and 30km/h. In low SNR, 4 REs per PRB pair is not enough to estimate channel. Therefore, performance is more sensitive to the number of DMRS instead of UE speed and pattern (time domain or frequency domain). On the other hand, for high SNR, performance is more sensitive to UE speed. From rank 4 SU-MIMO results as shown in Figure 5, we observe that DMRS reduction have more gain than rank1 transmission since the number of REs reused for PDSCH is increased. 
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Figure 3 PDSCH BLER in EPA 3km/h with rank1
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Figure 4 PDSCH BLER in EPA 30km/h with rank1
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Figure 5 PDSCH BLER in EPA 3km/h with rank4

Operation
The suitable reduced DMRS pattern is depending on each UE's channel condition. Therefore, reduced DMRS pattern should be UE specific configuration and not per cell configuration. In addition, the suitable reduced DMRS pattern depends on fast variation of SINR. Therefore we propose 2-step approach to indicate DL DMRS patterns.

1st step: Candidates of reduced patterns are configured by higher layer signalling
2nd step: Dynamic signalling indicates one of candidates in step1 by DCI
To avoid additional bits on DCI, PQI bit in DCI format 2D can be used. The reduced DMRS parameter can be included in PQI table. The 1st step is indication by higher layer signalling. 
Whether reduced DMRS is suitable or not is UE specific and depends on MU-MIMO operation and fast variation of SINR. Therefore we also propose dynamic indication of reduced DMRS pattern by DCI for UL. If a few DMRS patterns are defined for UL, only dynamic signalling can be used. The reusing some bits in current DCI is FFS. 
3 Summary
From link level evaluations we observe the suitable reduced DMRS pattern is depending on UE. So we propose a 2-step approach to indicate DL DMRS patterns.

1st step: Candidates of reduced patterns are configured by higher layer signalling

2nd step: Dynamic signalling indicates one of candidates in step1 by DCI

For UL, we also propose dynamic indication of reduced DMRS pattern. The reusing some bits in current DCI is FFS. 

For control channel (EPDCCH and PUCCH), we propose current DMRS should be kept.
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Appendix
LLS simulation parameters

	Parameter
	Assumption/Value

	Carrier Frequency
	3.5 GHz

	System BW
	10 MHz (50 RBs)

	Channel model
	EPA (3km/h, 30km/h)

	Antenna configuration
	2x2 for rank 1
4x4 for rank 4
cross-polarized transmit antenna

	Modulation and coding rate
	QPSK (R=1/3), 16QAM (R=1/2), 64QAM (R=2/3, 3/4)

	Rank
	Rank 1 and fixed rank 4

	Feedback and Precoding
	For rank1 fixed as 1st codebook
For rank 4 Using Rel-10 codebooks
Based on ideal channel estimation with CSI-RS 
CSI feedback delay: 10 ms

	Channel estimation
	For demodulation : non-ideal

	CRS overhead
	2 ports

	CSI-RS 
	2-port NZP CSI-RS with 5 ms period for rank 1
4-port NZP CSI-RS with 5 ms period for rank 4

	DMRS
	Port 7 for rank 1
Port 7,8,9,10 for rank 4

	HARQ
	No

	PDCCH overhead
	2 OFDM symbols

	PDSCH Resource Allocation
	12 RB pairs (4 RBGs)

	SNR on x-axis
	Average SNR in allocated RBs over the simulation run time
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