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1 Introduction

In 3GPP RAN#75 plenary meeting, the following WI was agreed to specify enhancements on unicast physical channels with related procedures, mechanisms and signaling by exploiting the distinctive characteristics of stationary wireless links.
The objectives of the WI are:
· Study the feasibility and performance benefit, and if justified, specify support for 1024QAM for DL channels
· Document the study result of feasibility and benefit in a TR
· If normative work starts, introduce new MCS table, signalling and CQI feedback to support 1024QAM for PDSCH
· Specify DM-RS overhead reduction using OCC4 for DL SU-MIMO rank 3/4 in TM9/10 
· Define applicable RRC signalling, UE capability and potential new UE categories
In this contribution, the general principle of LTE DMRS overhead reduction is discussed. 
2 Discussion 
Within the new WI, we consider high capacity wireless transmissions for certain scenarios, such as stationary laptops, and indoor/outdoor (e.g. above-rooftop) customer premises equipment (CPE) in a wireless network. The terminals in such scenarios usually have very high capabilities, such as more receive/transmit antennas, as well as higher signal processing power. In addition, wireless access links in such scenarios usually possess one or more of the following distinctive characteristics:

1. High SNR, 
2. Very low or no velocity. 
On the other hand, the access links may be line-of-sight (LOS) or non-line-of-sight (NLOS), depending on the position of the transmitter/receiver and the environments. While lower rank transmissions are usually selected for LOS case, higher rank transmissions are generally preferred for NLOS case taking advantage of rich channel scatting. In this contribution, we focus on high rank transmissions for stationary/ quasi-stationary wireless access links, which are possibly NLOS.
LTE Rel-10 defined closed loop transmission mode 9/10, and the associated DM-RS ports. For rank 1/2 transmissions, DMRS port 7/8 occupies 12 REs per PRB. This is chosen by taking into account the tradeoff between DM-RS overhead and channel estimation accuracy. A pair of adjacent REs in time domain carries port 7/8 using length-2 Orthogonal Cover Code (OCC2), as illustrated in Figure 1. The DMRS overhead is at least 6 REs per PRB per port.
For rank 3/4 transmissions, the amount of DMRS overhead is doubled, i.e., total 24 REs for port 7/8/9/10 as illustrated in Figure 2, where OCC2 is applied to adjacent 2 REs for ports 7/8 and similarly for ports 9/10. Using OCC2 enables per-slot channel estimation to track the channel variation closely even if UE moves with a medium to high velocity. The DMRS overhead is at least 6 REs per PRB per port.
For rank>4 transmissions, the amount of DMRS overhead is kept the same as that of rank 3/4 transmissions, i.e., total 24 REs for port 7/8/9/10/11/12/13/14. OCC4 is applied on the DMRS subcarrier across two slots. For instance, port 7/8/11/13 would share 4 REs using OCC4, and port 9/10/12/14 would share 4 REs using OCC4, as illustrated in Figure 3. The DMRS overhead is at least 3 REs per PRB per port.
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Figure1: DMRS pattern for rank 1/2
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Figure2: DMRS pattern for rank 3/4
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Figure3: DMRS pattern for rank 5~8
We now re-exam the DMRS designs in the FWA (fixed wireless access) scenario, considering its distinctive channel characteristics, e.g. high channel SNR and/or low/no velocity. In general with the channel SNR improving and velocity decreasing, we face a less challenging task of channel estimation. As a result, the DMRS density may be reduced in the FWA scenario. We argue that this density/overhead reduction is particularly meaningful for the rank 3/4 scenario, because the rank 5~8 scenario already has a relatively lower density of 3 REs per PRB per port. In addition, network can freely choose OCC2 or OCC4 for rank 3/4 transmissions depending on channel SNR and UE velocity. 
To enable reduced overhead DMRS for rank 3/4 SU-MIMO, certain specification change is warranted. For example, for format 2c, Table 1 shows the details regarding antenna ports, scrambling identity and number of layers indication in TS 36.212. Toward this purpose, necessary specification changes may include port to layer mapping, OCC scheme and others.

Table 1 Antenna Ports, Scrambling Identity and Number of Layers Indication.

	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	 1 layer, port 7, nSCID=0 (OCC=2)
	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	1 layer, port 7, nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 1 layer, port 7, nSCID=0 (OCC=4)
	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7-9

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7-10

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	8
	5 layer, port 7-11

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	10
	7 layers, ports 7-13

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	12
	2 layers, ports 7-8
	12
	Reserved

	13
	3 layers, ports 7-9
	13
	Reserved

	14
	4 layers, ports 7-10
	14
	Reserved

	15
	Reserved
	15
	Reserved


Proposal:
To enable reduced overhead DMRS for rank 3/4 SU-MIMO, certain specification change is warranted and may include port to layer mapping, OCC scheme and others.
The above discussion mainly applies for SU-MIMO.  MU-MIMO is a typical use case for downlink capacity enhancement as well. For MU-MIMO with rank 3/4, there are similar scenarios as SU-MIMO that DMRS overhead can be reduced to further improve capacity. For DMRS overhead reduction, it is preferred to also consider MU-MIMO scenario. 

3 Conclusions

In this contribution, we reviewed the DMRS designs from LTE Rel. 10, discussed the distinctive channel characteristics for fixed wireless access (FWA), and make the following proposal: 
Proposal: 

To enable reduced overhead DMRS for rank 3/4 SU-MIMO, certain specification change is warranted and may include port to layer mapping, OCC scheme and others. 
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