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1. Introduction
In RAN1 #86bis, several agreements including maximum number of AP (Antenna Port) and PRB bundling for DMRS design consideration [1][2] were made as following:
	· Study on design of demodulation RS for data channel
· Whether or not the same principle for UL and DL RS pattern design
· How to map DM RS in symbols of a slot
· Max # of orthogonal DL DMRS ports for SU/MU-MIMO scheduling

	· At least for DL, study PRB bundling with configurable PRG sizes, at least including following aspects

· The size of PRG may or may not be fixed

· The size of PRG may or may not be system bandwidth dependent 

· PRG may consist of all scheduled PRBs


Based on these agreements, we discuss candidate multiplexing methods of multiple APs for NR DMRS, and provide performance result on DMRS design.

2. Discussion 
According to the agreement regarding the RS position [3], we assume one OFDM symbol at the beginning of the time interval are used for DMRS. Also, according to the agreement regarding the maximum number of AP [1], we assume maximum 8 APs for NR SU/MU-MIMO. Also, we assume that PRB bundling is considered as the unit of Precoder Resource block Groups (PRG) composed of 1-RB, 2-RB or 8-RBs in other to confirm the improvement of channel estimation. 
· Multiplexing of multiple APs 
For higher rank transmission or multi-user transmission, DMRS should provide multiple APs which are multiplexed within a limited resource for DMRS. Especially, in NR, we can assume that multiple APs are multiplexed within one OFDM symbol. Figure 1 illustrate an example of AP multiplexing method for DMRS include CDM-8, FDM-2 & OCC-4, Comb-2 & CDM-4 and FDM-8. 
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(a) CDM-8   (b) FDM-2 & OCC-4  (c) Comb-2 & CDM-4  (d) FDM-8
Figure 1. Example of AP Multiplexing for NR DMRS

According to multiplexing method, channel estimation performance would be different due to the sensitivity of frequency selectivity and inter-layer interference. So, it is necessity to investigate channel estimation performance according to DMRS port multiplexing method in terms of channel estimation method, sensitivity to channel variation, etc. Therefore, when we discuss how to multiplex multiple APs within PRG, it is necessary to consider the sensitivity according to channel estimation method.

3.  Performance Evaluation 
In this section, we provide BLER performance according to AP multiplexing type and channel estimation method type for same AP. In this simulation, we assume two types of channel estimation method according to the unit of processing as follows:

(a) IFFT type: There is most used IFFT based channel estimation method with 8RBs as the unit.  
(b) LS type: This method for channel estimation is based on the Least Square (LS) using moving average within 1RB (i.e. CDM-8, Comb-2 & CDM-4, FDM-2 & OCC-4) or 2RBs (i.e. FDM-8) and then supported by linear interpolation.
And detailed simulation assumptions are provided in Annex.
In order to confirm the effect of PRB bundling in terms of AP multiplexing type, we show link level performance under frequency selective channel (delay spread: 30ns, 100ns) and various rank (i.e. 2/4). Each channel estimation type is tied for the size of of PRB bundling respectively. The types for AP multiplexing in other to separate layers are as follows:
(a) CDM-8: separate 4 layers by using 4 CDMs multiplexing
(b) FDM-2 & OCC-4: separate 4 layers by using two FDMs multiplexing and two CDMs multiplexing
(c) Comb-2 & CDM-4: separate 4 layers by using two FDMs multiplexing and two CDMs multiplexing
(d) FDM-8: separate 4 layers by using 4 FDMs multiplexing
Figure 2 and 3 show BLER performance of both modulation (i.e. QPSK, 16QAM, 64QAM) and Coding Rate (i.e. 1/3, 3/4) according to delay spread (i.e. 30ns, 100ns), respectively.
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(a) QPSK
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(c) 64QAM
Figure 2. BLER performance (2Tx-2Rx, Rank-2, delay spread 30ns)
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(a) QPSK
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(c) 64QAM
Figure 3. BLER performance (2Tx-2Rx, Rank-2, delay spread 100ns)
From Figure 2 and 3, we observe as follows:
· The performance of IFFT type has outperformed regardless of both delay spread and MCS level (i.e. higher either modulation or coding rate) because there is less of the influence of channel estimation error from frequency seletivity to carry out channel estimation with 8RBs. 
· In particular, for delay spread 100ns, the performance of channel estimation performed over whole 8RBs is more improved since a larger processing gain is obtained to reduce edge effects. 
Observation 1: In DRMS pattern design, frequency domain density is most important factor affecting performance of the channel estimation with 1RB under frequency selective channel. In especial, CDM-8 is less influenced by the frequency seletivity and restricted channel estimator due to PRB bundling size.
Observation 2: When PRB bundling is assumed, sophisticated channel estimator (e.g. IFFT type) can be utilized. It provides performance improvement under frequency selective channel environment. 
Proposal 1: NR should further study DMRS pattern and PRB bundling considering on various channel environments (e.g. frequency flat, frequency selective, etc.) and channel estimator types (e.g LS type, IFFT type, etc.).
In order to see the effect of inter-layer interference and sensitivity according to channel estimation method depend on AP Multiplexing patterns for DMRS, we show link level performance under rank-4. Figure 4 shows BLER performance of higher moduation (i.e. QPSK, 16QAM, 64QAM) and Coding Rate (i.e. 1/3, 1/2, 3/4) according to AP multiplexing patterns
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(a) QPSK and Coding Rate 1/3 
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(b) QPSK and Coding Rate 1/2
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(c) QPSK and Coding Rate 3/4
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(d) 16QAM and Coding Rate 1/3
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(e) 16QAM and Coding Rate 1/2
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(f) 64QAM and Coding Rate 1/3
Figure 4. BLER performance (4Tx-4Rx, Rank-4, delay spread 30ns)
As shown in figure 4, we can observe that the channel estimation of LS type with 1RB experiences more performance degradation under higher rank since both the channel estimation error from frequency seletivity and inter-layer interference between different layers are experienced. It is noticeable that the LS type within 1RB in case of CDM-8 shows less performance degradation in comparison with IFFT type with 8RBs since the channel estimation error from frequency seletivity is less affected, leading to a slight inter-layer interference between different layers.
Observation 3: In higher rank transmission, it is shown that PRB bundling provides performance improvement.
4. Conclusion
In this contribution, we discussed AP multiplexing methods for NR DMRS, and provided performance results to discuss regarding NR DMRS design. From the discussion, we propose as follow:

Observation 1: In DRMS pattern design, frequency domain density is most important factor affecting performance of the channel estimation with 1RB under frequency selective channel. In especial, CDM-8 is less influenced by the frequency seletivity and restricted channel estimator due to PRB bundling size.
Observation 2: When PRB bundling is assumed, sophisticated channel estimator (e.g. IFFT type) can be utilized. It provides performance improvement under frequency selective channel environment.
Observation 3: In higher rank transmission, it is shown that the large PRG sizes for PRB bundling provides performance improvement
Proposal 1: NR should further study DMRS pattern and PRB bundling considering on various channel environments (e.g. frequency flat, frequency selective, etc.) and channel estimator types (e.g LS type, IFFT type, etc.).
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6. Annex
Table 1. Simulation assumptions
	Parameter
	Value

	Carrier Frequency
	30GHz

	Doppler Frequency
	83.67Hz (3Km/h)

	Channel Model
	CDL-C channel (Delay spread = 30ns, 100ns)

	System Bandwidth
	5MHz

	Data Allocation
	96 REs (= 8 x 12), 11 OFDM Symbols

	Subcarrier Spacing
	60 kHz

	# of OFDM symbol per TTI
	14 with Normal CP

	DMRS position
	3rd OFDM symbol in a subframe

	Antenna Configuration
	1Tx & 1Rx, 2Tx & 2Rx and 4Tx & 4Rx

	Transmission Scheme
	Open-loop (Rank-1/2/4, Unitary matrix)

	Channel Estimation
	IFFT based Real Channel Estimation, 
Least Square using moving average 

	MCS
	QPSK/16QAM/64QAM (1/3, 1/2, 3/4)

	Coding Scheme
	Turbo Coding
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