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Introduction
At RAN1 NR Ad-hoc meeting, the following agreements on transmission schemes for NR has been reached as follows [1]:
	Agreements:
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,
· Precoder Transparent DMRS 
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Small-delay CDD with transparent DMRS
· DMRS based SFBC
· For rank>1, 
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Layer shifting
· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS
· Large-delay CDD with non-transparent DMRS
· CSI codebook


In this contribution, we discuss in more details about transmission scheme and provide link-level evaluation results.
DMRS-based DL transmission scheme 2
It is recognized that reliability is one major design target for MIMO transmission scheme, especially for high speed scenario, etc. CRS-based and DMRS-based robust MIMO transmission schemes were supported in LTE Rel-8 and Rel-14, respectively. In NR, support of DMRS-based (semi-)open-loop transmission is also agreed [2], considering the absense of CRS-like always on reference signals. Several candidate robust MIMO transmission schemes were proposed, as captured in Section 1 in the review of the agreements in the previous meetings. In this section, we povide general comparisons of candidate transmission schemes for NR DMRS-based trasmission scheme 2.
2.1  Precoder cycling
The design principle is to randomize effective channels across different resources in the frequency domain. About the cycling granularity, RE/REG/RB/RBG-level are all possbile to be applied for transmission to achieve best tradeoff between channel estimation accuracy and frequency diversity. In LTE, from the perspective of feedback content, this scheme could be divided into open-loop (i.e., no PMI feedback) and semi-open-loop (partial PMI feedback). From the perspective of PDSCH and DMRS precoding mechanism, this scheme could also be divided into two catigories, transparent and non-trasparent.
Transparent precoder cycling:
Data and DMRS are transparently precoded with the same precoding matrix. Precoder cycling sets could be flexibly implemented at gNB side. Thus, cycling pattern or codebook configurations for UE are not required, and corresponding standardization effort for different scenarios could be significantly decreased. Besides, from the perspective of compatibility, (semi-)open-loop could also share same mechanism with close-loop MIMO schemes.
However, defining a fixed codebook or cycling pattern may limit the application cases for semi-open loop scheme. Besides, having multiple patterns may increase the UE complexity and feedback overhead. As an alternative solution, the precoder cycling information could be considered as embedded in multiple beamformed CSI-RS resources, and UE could directly detect corresponding CSI-RS resources for deriving feedback without any knowledge of specific codebook contents. 
In Figure 1, one example of CSI-RS-embedded cycling is provided based on CRI feedback, i.e., eNB flexibly adopt four precoder cycling sets upon multiple CSI-RS resources within one cycling granularity (i.e., RB-level). At the UE side, the most satisfying wideband CRI for feedback is derived based on detecting the cycling-precoded CSI-RS resource, instead of calculation with pre-defined codebooks. For example, the largest average power is detected upon RE resources corresponding to precoder cycling set #4, and CRI = 4 is feedback to eNB. In the following transmission, eNB utilize the cycling set #4 for data precoding, as illustrated in Figure 1.


Figure 1  CSI-RS embedded cycling based on CRI precoding / feedback
The main advantages lie in that, precoding matrix cycling could be flexibly implemented at eNB side. Thus, cycling pattern or codebook configurations for UE are not required, and corresponding design work for different scenarios could be significantly decreased.
Proposal 1: For semi-open-loop of NR downlink transmission scheme 2, precoder cycling set / pattern could be applied on beamformed CSI-RS.
Non-transparent precoder cycling:
In the non-transparent scheme, data and DMRS are transmitted with different precoding matrices. For instance, the data is precoded, and the DMRS is not fully precoded. A precoder codebook and precoder cycling pattern shall be known by the eNB and the UE. The agreed RE-level co-phasing operation in LTE eFD-MIMO belong to this type, if existing DMRS ports are assumed for semi-open loop MIMO transmission. RE-level non-transparent cycling could provide more diversity gain compared to transparent schemes. However, the standrdization effort and channel estimation accuracy are the drawback of non-transparent scheme.
2.2  SFBC
SFBC is one open-loop based transmission scheme introduced in LTE CRS-based TM 3. It was also applied to LTE eFD-MIMO semi-open loop MIMO for rank 1 transmission. The scheme could also be apllied for NR DMRS-based open-loop transmission scheme. The performance gain mainly comes from exploiting channel propoerties of independent antenna ports. However, the main drawback lie in UE complexity, interference mismatch and spec efforts.
The general comparisons among transmission schemes are summarize in Table 1.
Table 1   Comparisons of candidate DL transmission scheme 2
	
	Transparent precoder cycling
	Non-transparent precoder cycling
	SFBC

	Spec effort
	Low
	Medium
	Medium

	Complexity
	Low
	Medium
	High

	Flexibility
	Medium
	High
	Low

	Data precoding
	RB-level, RBG-level
	RE-level
	RE-level

	Codebook
	Not necessary
	Necesary
	Necesary

	CSI feedback
	OL: RI, CQI
Semi-OL: partial PMI / CRI, RI, CQI
	[bookmark: OLE_LINK6]OL: RI, CQI
Semi-OL: partial PMI / CRI, RI, CQI
	OL: RI, CQI
Semi-OL: partial PMI / CRI, RI, CQI

	Channel estimation accuracy
	High
	Medium
	Low

	Diversity gain
	Medium
	Medium
	High



Performance Comparison
Link-level BLER performances are evaluated to compare precoder cycling and SFBC transmission schemes, herein we consider RB/RE-level precoder cycling and pure open-loop as example. The details of simulation parameters are listed in Appendix.
Implementations of trasmission schemes are depicted in Figure 2, which is one example of rank 1. For SFBC, DMRS on two ports adopt OCC concept, which is used for receiver channel estimation and demodulation. For precoder cycling, the precoder will alternative every cycling granualarity. For transparent RB-level cycling, DMRS are same precoded as data. For non-transparent RE-level cycling, DMRS precoding matrix satisfy to be partial of data precoding matrix.



(a) SFBC scheme


(b) Precoder cycling, where one frequency unit can be PRG, RB or RE

Figure 2  Implementations of DMRS-based DL transmission scheme 2, rank 1 as one exmaple
Corresponding link-level evaluation results for different transmission schemes are depicted in Figure 3-5, incluing the assumptions of different UE velocities and code rates. 
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Figure 3  Link-level evaluation results of (QPSK, code rate=0.33), rank 1 and 2
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Figure 4  Link-level evaluation results of (QPSK, code rate=0.75), rank 1 and 2
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Figure 5  Link-level evaluation results of (16-QAM, code rate=0.45), rank 1 and 2

Based on the results, general observations and analysis are summarized in Table 2.
Table 2   Performance comparison between different transmission schemes
	
	Low UE velocity
	High UE velocity

	Low code rate
	SFBCRB>RE (rank 1)
RBRE (rank 2)
	SFBCRB>RE (rank 1)
RBRE (rank 2)

	High code rate
	SFBC>RE>RB (rank 1)
RBRE (rank 2)
	SFBC>RERB (rank 1)
RBRE (rank 2)



Observation 1: For low code rates, RB-level cycling overall outperform RE-level cycling, and RB-level cycling could achieve similar performance to SFBC with lower complexity. 
Observation 2: For high code rates, SFBC achieves best performance, and RE-level cycling slightly outperform RB-level cycling under mobility assumption.
Considering low code rate assumptions are most prospective for NR (semi-)open-loop transmission scheme, overall, RB-level cyling could achieve satsfying performance under low code rates, and has the properties of low spec effort / UE comlexity and good flexibility. In this sense, the following proposal is made:
Proposal 2: Transparent DMRS precoder cycling, i.e., RB-level, should be supported in NR.
Summary
In this contribution, we provide link-level evaluations and analysis for NR open-loop candidate transmission schemes. The observations and proposal are:
Observation 1: For low code rates, RB-level cycling overall outperform RE-level cycling, and RB-level cycling could achieve similar performance to SFBC with lower complexity. 
Observation 2: For high code rates, SFBC achieves best performance, and RE-level cycling slightly outperform RB-level cycling under mobility assumption.
Proposal 1: For semi-open-loop of NR downlink transmission scheme 2, precoder cycling set / pattern could be applied on beamformed CSI-RS.
Proposal 2: Transparent DMRS precoder cycling, i.e., RB-level, should be supported in NR.
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Appendix
Link-level simulation parameters for DL transmission scheme 2
	MIMO assumptions
	2 ports

	MIMO rank
	1 for SFBC, 1/2 for precoder cyling

	Carrier frequency
	4GHz

	Subcarrier Spacing
	15kHz

	FFT Length
	2048

	RB size (number of subcarriers)
	12

	PDSCH RB number
	8

	Subfame duration
	1 ms

	Antenna Correlation
	0.5

	Beam cycling granularity
	RB-level, RE-level

	Channel
	TDL-A

	Delay spread
	100 ns

	UE speed
	30 / 120 km/h

	MCS level
	QPSK, code rate 1/3, 3/4
16QAM, code rate 0.45

	Channel estimation
	Real (DMRS-based)
2-RB size linear interplolation
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