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Introduction
In 3GPP RAN1#87 and NR Ad-Hoc [2 - 3], it is agreed to down-select the following DMRS based DL MIMO transmission scheme as follows:
Agreements:
· Support at least the following DMRS based DL MIMO transmissions for data in NR,
· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix
· Demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter
· Note: spatial multiplexing and rank-1 are included
· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix
· Demodulation of data at the UE may or may not require knowledge of the relation between DMRS ports and data layers
· Note: DMRS can be precoded or not precoded
· Study the transmission schemes, e.g., SFBC, Large delay CDD, Layer shifting, small delay  CDD
· Study the selection of transparent and/or non-transparent DMRS
· Transparent DMRS: DMRS and data precoded identically
· Non-transparent DMRS: DMRS  and data precoded differently
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 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

In this contribution, we discuss about the design of transmission scheme 2 for NR.
Discussions on transmission Scheme
DMRS based SFBC
In LTE specification, SFBC/FSTD is supported as open-loop transmission schemes. SFBC/FSTD operates without any UE feedback on preferred precoding. Instead of having a UE feedback the preferred precoding, the precoding to be applied for SFBC/FSTD is defined in the specification. Therefore, a UE needs only to report back the CQI while assuming the eNB would apply the pre-defined precoding. In SFBC/FSTD transmissions, each modulation symbol is transmitted on 2 layers such that it is received with diversity in frequency domain. Since the UE has prior knowledge on what precoding will be applied on the transmitted signals, it only needs to report back the CQI. 
DMRS based SFBC transmission is specified for rank 1 in semi-open-loop transmission. In order to provide high reliability, UE reports wideband PMI to indicate an approximate information. Based on the reported wideband PMI, UE applies single beam which is indicated by codebook subset restriction. For the decoding of rank1 transmission, UE assumes DMRS which allows different precoding between DMRS and data. Based on the estimated channel via DMRS, UE decodes its data based on the predefined precoding between data and DMRS. 
However, DMRS based SFBC transmission has many drawbacks. Firstly, SFBC requires high UE complexity since UE should apply additional operation due to its double dimension of transmission scheme. It should be noted that decoder for identical precoding between PDSCH REs and DMRS REs should be prepared for transmission scheme 1. If NR supports identical cycling for transmission scheme 2, then UE requires only one DMRS estimator for both transmission schemes. However, UE requires additional hardware to decode transmission with different precoding between DMRS REs and PDSCH REs. At the same time, the performance benefit of SFBC is unclear. The extra spatial diversity gain offered by SFBC (over precoder cycling) is present only for very high channel coding rate (i.e. corner cases). In order to compare the performance of transmission schemes, the evaluation results are provided in Figure 1 – Figure 3. 
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Figure 2: 16 ports, 120 kmph, Config 3

[bookmark: _Ref458669339]Figure 3: 16 ports, 120 kmph, Config 4

In our evaluation, non-full-buffer system-level evaluation is carried out for UMa-500m channel model (36.814) in medium (50% target RU) traffic loading scenario. The SU-MIMO rank 1 transmission with SB scheduling (where SB is 4 PRBs) is considered in the simulation. The results are provided for 16 antenna ports with (N1,N2) = (2,4) and 32 antenna ports with (N1,N2) = (2,8), where we assume that the first dimension is horizontal and the second dimension is vertical. The relevant simulation parameters are enlisted in Table 2. As reference, transmission scheme 1 based on Rel. 13/14 Class A codebook with Config 2, 3, and 4 is considered. More detailed evaluation assumptions are given in the Annex. As provided in the evaluation result, performance of SFBC provided only 2% and 23% gain, however, precoder cycling showed up to 19% and 67% gain in Avg. and 5% UPT, respectively. 

This is expected since SFBC (which offers raw transmit diversity gain) reduces the variance of SINR distribution across all the UEs within a cell. Therefore, when used together with an intelligent packet scheduler (such as PF scheduler) which favours UEs with higher (normalized) SINR, SFBC reduces the highest (normalized) SINR across all the UEs within the cell. This results in UPT degradation since the highest possible SINR values are lowered due to the raw transmit diversity gain from SFBC. This is not the case for pre-coder cycling since it does not offer raw transmit diversity gain. This trend can be observed in the user SINR distribution shown in Figure 4 – Figure 5, where non-transparent pre-coder cycling scheme is considered.  
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Spec. transparent precoder cycling
In order to achieve diversity gain, Spec. transparent transmission schemes such as small delay CDD and precoder cycling can be considered. For example, gradually changed phases across subcarriers may provide diversity gain. This scheme may also provide relatively easier interference estimation since transmission scheme 1 and 2 share same structure for data transmission. However, Spec. transparent precoder cycling has limitations on performance gain due to limited change of precoding. Especially, the achievable diversity gain is low when relatively small number of RBs (e.g. 1 RB) are allocated to UE. Moreover, it should be noted that 3GPP RAN1 already has an experience for removing small delay CDD due to lack of performance benefits and usefulness in LTE. In order to evaluate above observations, performance comparisons are provided in Figure 1 – Figure 3. In the evaluation results, especially for 5% UPT, non-transparent precoder cycling provided up to 37% performance gain compared to transparent precoder cycling.
Non-Spec. transparent precoder cycling
In LTE, non-Spec. transparent precoder cycling is specified for rank 2 in semi-open-loop transmission. In contrast to SFBC in rank1 transmission, UE assumes identical precoding between DMRS and data. Based on the assumption, RE level port cycling is considered to apply RE level co-phase cycling. 
As well as rank1, UE reports wideband PMI to indicate an approximate information. Based on the reported wideband PMI, UE applies single beam which is indicated by codebook subset restriction. In contrast to rank1 transmission, UE assumes transparent DMRS which allows identical precoding between DMRS and data. Based on the transparent DMRS, RE level port cycling is considered to apply RE level co-phase cycling. In this scheme, identical precoding between DMRS and NR PDSCH allows UE interference estimate for interference cancellation such as IRC and SIC. DMRS allows simple estimation due to its transparency. Moreover, UE can achieve diversity gain within small number of RBs since different precoding is applied in RE level. 
Observations: 
· Precoder cycling allows simpler estimation for interference cancellation while SFBC requires more UE complexity due to different precoding and blind detection with limited performance. 
· Precoder cycling can share a common DMRS-based channel estimator for both TS 1 and TS 2. This is not the case for SFBC
· For SFBC, additional hardware to decode predefined precoding due to different precoding and symbol pairing in adjacent REs.
· SFBC provides performance degradation since it reduces the variance of SINR distribution across all the UEs within a cell.
· Spec. transparent precoder cycling may provide performance gain, but the gain can be limited especially for small number of RBs.
· Non-Spec. transparent precoder cycling provides performance gain with easier UE implementation and interference estimation.
Proposal: 
· Non-Spec. transparent precoder cycling should be supported for transmission scheme 2. 
Discussion on CSI reporting
In order to maximize benefits of diversity based transmission scheme, following specification support for CSI reporting should be considered:
· Support of partial PMI: For low number of CSI-RS ports (e.g. 2, 4 and 8), approximate directional information is not needed. However, diversity transmission with all possible directions is not appropriate considering supportable number of precoders when UE supports large number of CSI-RS ports (e.g. 16 and 32). In order to narrow down the range of precoder cycling, support of partial PMI should be supported. Additionally, applied precoder assumption should be changed in RE level to provide accurate information and maximize diversity gain. 
· CQI based on RE level precoder cycling: CQI based on diversity transmission scheme is needed for NR. In LTE, CQI report based on SFBC, large-delay CDD and precoder cycling is supported to achieve accurate CQI which reduces latency for CQI adjustment in outer-loop and achieves more benefits on system performance. 
Observations: 
· While approximate directional information may not be needed for small number of CSI-RS ports, however approximate directional information is beneficial at least for large number of CSI-RS ports (e.g. 16 and 32).
· CQI based diversity transmission is beneficial to reduce CQI adjustment in outer-loop and achieves more benefits on system performance.
Proposals: 
· Support CSI which is optimized to transmission scheme 2. 
· Partial PMI.
· CQI based on precoder cycling.
Conclusions
In this contribution, desired design for transmission scheme 2 is discussed. Based on the discussions, the following observations and proposals are provided:
Observations: 
· Precoder cycling allows simple estimation for interference cancellation while SFBC requires more UE complexity due to different precoding and blind detection with limited performance. 
· Precoder cycling can share a common DMRS-based channel estimator for both TS 1 and TS 2. This is not the case for SFBC
· For SFBC, additional hardware to decode predefined precoding due to different precoding and symbol pairing in adjacent REs.
· SFBC provides performance degradation since it reduces the variance of SINR distribution across all the UEs within a cell.
· Spec. transparent precoder cycling may provide performance gain, but the gain can be limited especially for small number of RBs.
· Non-Spec. transparent precoder cycling provides performance gain with easier UE implementation and interference estimation.
· While approximate directional information may not be needed for small number of CSI-RS ports, however approximate directional information is beneficial at least for large number of CSI-RS ports (e.g. 16 and 32).
· CQI based diversity transmission is beneficial to reduce CQI adjustment in outer-loop and achieves more benefits on system performance.
Proposals: 
· Non-Spec. transparent precoder cycling should be supported for transmission scheme 2. 
· Support CSI which is optimized to transmission scheme 2. 
· Partial PMI.
· CQI based on precoder cycling.
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	Parameters
	Values

	Simulation Type
	Non-full-buffer (Medium load 50% Target RU, Lambda = 3)

	Channel model
	UMa-500m (36.814) 

	Number of BS (H,V) antenna elements
	(8,8) for 16 ports and (8,16) for 32 ports, x-polarized, subarray partition

	(N1,N2, P) 
	16 ports: (2,4,2) and 32 ports: (2,8,2)

	BS (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	2

	UE speed
	3, 120 kmph

	SU/MU pre-coding
	CB

	Scheduling
	SU, Proportional fair, SB scheduling (SB = 4 PRBs) 

	Channel estimation
	Non-ideal

	Transmission rank
	1

	Receiver 
	MMSE-IRC

	Codebook
	Rel. 13 Class A: (O1,O2) = (8,8), Codebook-Config = 2,3,4



TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	1.0178827579611742	1.2143649815043156	Transparent	
Avg. UPT	5% UPT	1.1356029453954288	1.3532675709001232	Non-transparent	
Avg. UPT	5% UPT	1.1882949220617767	1.6356350184956843	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	1.0137443493315379	1.2337326607818411	Transparent	
Avg. UPT	5% UPT	1.1442723862652688	1.3953341740226985	Non-transparent	
Avg. UPT	5% UPT	1.1869770125997883	1.665825977301387	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	1.0196570670708602	1.2271908763505404	Transparent	
Avg. UPT	5% UPT	1.1380257673361123	1.3811524609843939	Non-transparent	
Avg. UPT	5% UPT	1.1850000000000001	1.6122448979591837	
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