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1. Introduction
To fully exploit the distinctive characteristics of wireless stationary links, a new WID [1] on enhancements for high capacity stationary wireless link and introduction of 1024 QAM for LTE was approved in RAN#75 meeting.  The aim of the WI is to improve the spectral efficiency of wireless transmission under high-SNR and low-velocity channel scenarios. It includes following objectives:

· Study the feasibility and performance benefit, and if justified, specify support for 1024 QAM for DL channels

· Specify DMRS overhead reduction using OCC4 for DL SU-MIMO rank 3/4 in TM 9/10

· Define applicable RRC signalling, UE capability and potential new UE categories 

· Define corresponding higher-layer procedures and signalling 

· Define corresponding RRM and RF requirements 

In the previous RAN1 #88bis meeting, DMRS overhead reduction for DL SU-MIMO rank 3/4 in TM 9/10 has been discussed, and the following agreements have been reached: 
Agreements:
· Define a new DMRS table or introduce new entries in existing DMRS table

· DCI payload size is the same as legacy

· Additional DMRS overhead reduction scheme for rank 3/4 transmission is FFS 
In this contribution, we discuss some topics related to LTE DL DMRS overhead reduction. This includes potential DMRS overhead reduction mechanisms, signalling and related procedures in DMRS pattern switching, and DMRS table design.
2. Discussion
In TMs 9/10, DMRS is used for UE demodulation. The DMRS is UE-specific and transmitted in every RB assigned to a particular UE. However, the DMRS pattern is per cell configuration in the sense that all the UEs with same transmission rank will use the same DMRS patterns.  UE-specific parameters, such as SNR and moving speed, have not been considered by eNB in DMRS patterns selection. This is not optimal, especially for certain small cell scenarios where high SNR and low mobility UEs are in majority. In such small cell scenarios, it is possible to reduce the DMRS overhead of certain UEs without sacrificing demodulation performance. 
The basic idea behind the DMRS overhead reduction is to exploit the possibility of assigning some of the REs that form the legacy DMRS patterns in TM 9/10 to PDSCH transmission. These extra PDSCH REs can be used either to increase the throughput or improve the BLER performance.

2.1. DMRS overhead reduction using OCC4
One of the main objectives of the WI is to specify DMRS overhead reduction using OCC4 for DL SU-MIMO rank3/4 in TM9/10. 
In current LTE specification, 3 different DL DMRS patterns have been defined for TM 9/10 under different transmission ranks. For DL SU-MIMO rank 1/2 transmission, DMRS pattern using OCC2 is defined. The DMRS signal is transmitted in 12 REs per PRB, and OCC2 is applied to 2 adjacent REs in time domain so that ports 7/8 can share these 12 REs. For DL SU-MIMO rank 3/4 transmission, similar DMRS pattern using OCC2 is defined. The DMRS signal occupies 24 REs per PRB. Among these 24 REs, 12 REs are shared by ports 7/8 using OCC2 and the other 12 REs are shared by ports 9/10 using OCC2.  For DL SU-MIMO transmission with rank >4, DMRS pattern using OCC4 is defined. The DMRS signal is transmitted in 24 REs per PRB, and OCC4 is applied to 4 REs on the subcarrier across two slots. More specifically, port 7/8/11/13 share 12 REs, and port 9/10/12/14 share another 12 REs. Thus, the DMRS overhead is 6 REs per PRB per port for rank 1/2 and rank 3/4, and the DMRS overhead is 3 REs per PRB per port for rank 3/4.
Note the fact that the current DMRS patterns are designed under very general wireless link scenarios. For the wireless stationary links considered in this WI, those DMRS patterns may not be optimal. Considering the fact that wireless stationary links in small cell is characterized by high SNR, low frequency-selective and low time-selective fading, we believe it is possible to reduce the DMRS overhead of downlink UE-specific reference signal in some extent. DMRS overhead reduction using OCC4 for DL SU-MIMO rank3/4 in TM9/10 is a well worth studying direction.  The basic idea of DMRS overhead reduction using OCC4 is to share X (X<24) REs among ports 7/8/9/10 using OCC4. Some initial simulation results have been reported in [3] for the case when X is set to be 12 with the assumption of ideal channel estimation. More extensive simulation work is needed to identify the possible gain under different scenarios.  More specifically, we need to study the performance gain of DMRS overhead reduction using OCC4 under practical channel estimation and different modulation schemes. DMRS overhead reduction may also affect the accuracy of interference measurement, which may further deteriorate the performance.  Furthermore, TX/RX impairments including EVM may affect the performance as well. All these factors have to be taken into account in our study.
As agreed in last RAN1 meeting, additional DMRS overhead reduction scheme for rank 3/4 transmission should also be studied. Simulation results in [3] show that very limited performance gain (< 6%) is achieved by using OCC4 scheme alone. Therefore, it is important to study new DMRS overhead reduction scheme. 
Observation 1: We need to study the performance gain of DMRS overhead reduction using OCC4 for DL SU-MIMO rank3/4 in TM9/10 by taking into account factors like channel estimation algorithm, modulation scheme, TX/RX impairments including EVM, and interference measurements, etc. 
2.2. DMRS pattern configuration
With the introduction of DL DMRS overhead reduction schemes, there are at least two DMRS patterns for UE working on SU-MIMO rank3/4 in TM9/10: the legacy DMRS pattern and new DMRS patterns. The eNB has to select and inform the UE which DMRS pattern will be used, and may need to switch between different DMRS patterns in the middle of communications if channel condition changes. Therefore, DMRS pattern selection criteria and DMRS switching mechanism have to be defined.
In designing DMRS pattern selection criteria, we need to consider both robustness and performance gain. In one hand, we should use DMRS overhead reduction if channel condition permits. On the other hand, we do not want to see too many DMRS pattern switches in a given period of time.  SNR, moving speed, modulation scheme, TX/RX EVM are the four main parameters that may affect the DMRS pattern selection. Considering this, a pattern selection criteria has to be optimized by taking all these factors into account.  

When eNB decides to do DMRS pattern switch, the selected pattern has to be signalled to UE in an appropriate manner. If 1024QAM and rank 3/4 transmissions with DMRS overhead reduction are always going to be configured simultaneously, there is no need to signal the DMRS pattern to UE. In this case, the DMRS overhead reduction using occ4 is the default DMRS pattern for 1024QAM. On the other hand, if there is no one-to-one mapping between 1024QAM and DMRS pattern, some kind of DMRS pattern switching mechanism has to be adopted. In LTE, this can be implemented in two different ways. The first signalling method is to use DCI so that DMRS pattern can be switched dynamically on a sub-frame basis. The main advantage of dynamic switching is that the suitable DMRS pattern can be setup quickly as the channel condition changes. Larger DCI overhead is the price paid for this rapid response. The other signalling method is to introduce a new bit filed in the RRC signalling. The eNB reconfigures DMRS pattern through a RRC signaling only if judged necessary, e.g., when the channel condition becomes bad. With this semi-static switching method, the signaling overhead can be reduced greatly. Considering the fact that DMRS overhead reduction is used under wireless stationary links where channel variation is assumed to be small, a semi-static DMRS pattern switching through RRC signalling is thus preferred.
Observation 2: We need to study DMRS pattern selection criteria. If there is one-to-one mapping between 1024QAM and DMRS overhead reduction pattern, there is no need of any DMRS pattern signalling. Otherwise, once the new DMRS pattern is selected, a semi-static DMRS pattern switching through RRC signalling is preferred. 
2.3. DMRS Table Design

To support DMRS overhead reduction, entries of new defined DMRS pattern would need to be added to DMRS table. The updates to the DMRS tables could be implemented in the following two alternative ways:

· Alt-1: Define a new DMRS table.

· Alt-2: Introduce new entries in existing DMRS table. 
In RAN1 #88bis, it has been agreed that DCI payload size is the same as legacy. This means the entries of DMRS table has been fixed to 16. Table 1 shows the legacy DMRS table about antenna ports, scrambling identity and number of layers indication from TS 36.212. It can be seen that for one codeword case only three new entries can be added to the existing DMRS table (Value 13, 14, and 15) if we want to keep the legacy DMRS patterns for 1 layer and 2 layer transmission. If we have only two new DMRS patterns which are needed to be added to the table, then Alt-2 will be a good choice. This is because we can still use the same DMRS table in case the transmission rank needs to be changed from rank 3/4 to rank 1/2, thus reduce the RRC signalling overhead for DMRS table switching. However, since we will also consider other possible DMRS overhead reduction schemes on the top of DMRS overhead reduction using OCC4 for DL SU-MIMO rank 3/4 in TM 9/10, it is difficult to estimate how many new DMRS pattern entries will be defined at this moment. Before we know exactly how many new DMRS pattern will be defined, it is difficult to judge which alternative is better. Therefore, we suggest discussing DMRS table after we have defined all the new DMRS patterns. 
Proposal: We suggest to discuss DMRS table after we have defined all the new DMRS patterns. 

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


3. Conclusion
In this contribution, we discuss the potential mechanisms, signalling and related procedures, and DMRS table design for the DMRS overhead reduction. Based on these discussions, the relevant observations and proposals are given as below:
Observation 1: We need to study the performance gain of DMRS overhead reduction using OCC4 for DL SU-MIMO rank3/4 in TM9/10 by taking into account factors like channel estimation algorithm, modulation scheme, TX/RX impairments including EVM, and interference measurements, etc. 
Observation 2: We need to study DMRS pattern selection criteria. If there is one-to-one mapping between 1024QAM and DMRS overhead reduction pattern, there is no need of any DMRS pattern signalling. Otherwise, once the new DMRS pattern is selected, a semi-static DMRS pattern switching through RRC signalling is preferred.
Proposal: We suggest discussing DMRS table after we have defined all the new DMRS patterns. 
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