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1
Introduction
In the RAN1 NR AH meeting, there were some agreements on DL transmission scheme 2 based on chairman notes [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 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 the RAN1 #88 meeting, no agreements were possible due to lack of consensus.
In this contribution we analyze different schemes for rank 1 and rank >1, and give our preference.
2
Discussion  
In this section, we will analyze the potential issues that will impact the performance and technical feasibility of transmission scheme 2 from rank 1 and rank >1 respectively. 
2.1 
Rank 1 selection 
In the rank 1 case, there are 4 candidate schemes which we compared under same antenna array configuration in the table 1.
	
	Number of DMRS ports
	Precoding operation
	Remark

	Precoder cycling with transparent DMRS
	One 
	PRB level beam cycling or co-phasing cycling 

Same precoding for data and DMRS 
	Precoding diversity gain is limited

	Precoder cycling with non-transparent DMRS
	One or two 
	Beam cycling and co-phasing cycling in RE level or other grids

Different precoding for data and DMRS
	Good precoding diversity gain
When one port is used, DMRS SINR is used

	Small-delay CDD with transparent DMRS
	One 
	Using delay shifting on top of data precoding  
	DMRS SINR is better 
Per subcarrier delay shifting is complicated for demodulation 

	DMRS based SFBC


	Two 
	SFBC operation on top of each layer precoding 
	SFBC and beam diversity gain

Interference mismatching


                          Table 1:  open-loop transmission scheme comparison
(Note: in table 1, one beam is referring to one beam direction of one subarray or one polarization antennas , so it doesn’t prevent different beam direction for different subarray or different polarization antennas) 

Based on above comparison, some observations and analysis are presented in the following paragraphs.
· In rank 1 case, transparent DMRS based transmission will cause precoding diversity limitation.
In the precoder cycling with transparent DMRS scheme, PRB level precoding is used, no matter beam cycling or co-phasing cycling. Precoding granularity is limited, but the benefit is no additional signalling indication for DMRS demodualtion. In the small-delay CDD with transparent DMRS, one beam is used, so it will lose beam diversity gain.  
· Precoder cycling with non-transparent DMRS would achieve more diversity gain due to finer precoding grid but with more impact to specification change.
Regarding precoding cycling with non-transparent DMRS, it may require specification change, even that dynamic signalling is needed to inform UE to do PDSCH detection. In case of precoding cycling, it could be implemented either beam cycling or co-phasing cycling. In LTE discussion, our contribution [2] also had provided one comprehensive analysis for precoding cycling. In the following paragraphs, a few terms will be clarified.
Non-transparent beam cycling:
For beam cycling, it could be associated to one analogy beam or digital beam. If dual-codebook structure is used, it will be more related to one long term precoding vector W1. If the beam is intended to be cycled within one PRB, basically it will require corresponding DMRS ports. Considering DMRS overhead, more than two beam cycling is not desired.
Non-transparent co-phasing cycling:

For co-phasing cycling, it could be done in per subcarrier basis. Consequently, additional diversity gain can be achieved. If RE level cycling rule is predefined, then no additional signalling is needed, but specification should define the detailed precoding operation. In this sense, if beam is fixed in one PRB, but co-phase cyling is used in subcarrier basis, then non-transparent precoding cycling is similar with small delay CDD scheme. 
In general, RB level beam cycling combined with RE level co-phase cyling applied in LTE system could be taken as one starting point if the precoding cycling scheme is considered. 

· SFBC can achieve one trade off between diversity gain and complexity, though some disadvantages exist  
DMRS based SFBC will obtain beam diversity gain due to two DMRS port, since it is not necessary to limit one beam for two ports. In case of subcarrier mapping, it also can get the diversity on two dimensions of spatial and frequency. For its precoding gain, UE reported beam or long term precoding vector can bring it.
For its drawback, one typical issue is orphan RE, which makes RE pairing difficult. however, it depends on DMRS pattern design. If even subcarrier based DMRS pattern is applied in NR, it might not be issue. Of course, special treating is needed if it is one problem in some cases. Another issue is interference measurement mismatching, which has gotten much attention recently. Instant DMRS based interference measurement is not matched with real experienced interference, which needs some ways to solve it, for example, it may require instant IMR based interference measurement to replace DMRS based interference measurement. Also this rank 2 interference from SFBC may cause some interference cancellation issues. Another potential issue is rank adaption, since SFBC can’t support rank 2, so it will make UE implemention complexity for different behaviour for rank 1 and other ranks.   
From above analysis, for rank 1 case, precoding cycling with non-transparent precoding and SFBC are better than other schemes from performance prospective and complexity, therefore, we propose:  
Proposal 1:  In rank 1 transmission, precoding cycling with non-transparent DMRS and DMRS based SFBC can be considered. If making the down-selection, we slightly prefer precoding cycling due to the flexibility it gives in terms of more integrated transmission scheme utilization.      
2.2 
Rank>1 selection  
In the rank >1 case, there are 6 candidate schemes appeared, and we also make one comparion for different schemes under same antenna array configuration and feedback framework. 
	
	Precoding operation
	CSI feedback in dual-codebook
	Remark

	Precoder cycling with transparent DMRS
	PRB level beam cycling or co-phasing cycling 

Same precoding for data and DMRS
	Long term weighting vector W1 is needed
	Precoding diversity gain is limited 

Similar behavior for rank 1 and rank >1

	Precoder cycling with non-transparent DMRS
	Beam cycling in PRB level

Co-phasing cycling in RE level or other grids

Different precoding for data and DMRS
	Long term weighting vector W1 is needed
	Good precoding diversity gain

Allow similar or different precoding operation in rank 1 and rank>1 

	Layer shifting

	Precoding shifting between different layers

PRB level precoding
	Long term weighting vector W1 is needed
	Basically it is not one independent scheme
Precoding cycling will be similar as layer shifting if PMI is cycled between the layers

	Precoder cycling with transparent DMRS and layer shifting
	Precoding cycling and layer shifting 

PRB level precoding
	Long term weighting vector W1 is needed
	Achieve precoding diversity and layer SINR averaging


	Small-delay CDD with transparent DMRS
	Using delay shifting on top of data precoding
	Long term weighting vector W1 is needed
	Similar behaviour for rank 1and rank>1 case
Co-phasing diversity gain

	Large-delay CDD with non-transparent DMRS
	Using larger CDD operation on top of each layer precoding


	Long term weighting vector W1 is needed
	Achieve the precoder rotation between the layers  


                          Table 2: Open-loop transmission scheme comparison in rank>1 
According to above table, some observations can be made:
· CSI feedback is similar for all open-loop schemes.
For dual-codebook use case, long term precoding vector is used, then long term precoding vector reporting is needed, but co-phasing operation is implemented in gNB side without UE feedback.
· Layer shifting can be implemented with other non-layer shifting schemes.
· RE level small delay CDD is one finer co-phase cycling technique, but may have limitation in beam diversity. 

· Larger delay CDD can achieve certain co-phasing cycling benefit, but still lack of beam diversity gain.
· If allow PRB based beam cycling for small delay CDD and large delay CDD, then they both look similar with precoding cycling.  
· In the precoding operation of rank 1and rank 2, precoding cycling and small delay CDD keep similar behaviour.
Based on those observations, from the diversity gain and implementation prospective, non-transparent DMRS based precoding cycling seems to achieve one trade-off. 
Proposal 2:  In rank >1 transmission, non-transparent DMRS based precoding cycling can be considered with high priority.     
3
Performance evaluation 

In order to get clear performance comparison to different open-loop trasnmision schemes, we simulated different transmission schemes under same transmission assumptions, shown in appendix. In gNB side, total 64 antenna elements are used to transmit 8 horizontal XP antenna ports. Due to dual-stage codebook usage, in the end two DMRS ports are used to transmit one layer or two layers. In W1 feedback, selecting 4TX DFT beam vectors, and in W2 usage, it is using 2TX vectors. In order to emulate one high speed scenario, 120km/h is configured.
For rank 1 transmission, SFBC and RE level co-phase cycling are evaluated. For SFBC, the antenna elements of one polarization direction will be mapping to one antenna port, and long term precoding vector W1 is reported for antenna virtualization of each polararization direction. For RE level co-phase cycling scheme, W1 is reported by UE and wideband specific, and W2 is cycling with predefined 4 co-phasing vectors.
For rank 2 transmission, following two schemes are evaluated:

1> RE level co-phase cycling: wideband reported W1 + rank 2 co-phase matrix cycling. 
2> Larger CDD based on random PMI: RB level based random W1 + subcarrier based CDD   
· Rank 1 performance comparison
	
	Cell average throughput 
	Cell edge throughput 

	RE level co-phase cycling 
	 1.55 bps/hz
	0.46 bps/hz

	W1 feedback based SFBC
	 1.52 bps/hz
	0.44 bps/hz 


            Table 3:  Open-loop transmission scheme comparison in rank>1 
From the table 1 result, the performance of SFBC and RE level cycling is quite simiar, no significant difference. 
· Rank 2 performance comparison
	
	Cell average throughput 
	Cell edge throughput 

	RE level co-phase cycling
	 1.83 bps/hz
	0.47 bps/hz

	Large layer CDD based on random PMI in PRB basis 
	 1.65 bps/hz
	0.41 bps/hz


   From the Rank 2 performance result, precoding cycling is better than random PMI based larger delay CDD. It seems long term PMI feedback is important to system performance. 
Down-selection consideration:    
Based on section 2 analysis, beam cycling and co-phasing cycling are important to achieve the diversity gain. From performance evaluation, reported long term PMI is necessary to guarantee the system performance. For small delay CDD and large delay CDD, normally it can get the co-phasing gain. For beam cycling, only precoding cyclying is one good option. Actually, if per PRB based beam cycling is applied in small delay CDD and large delay CDD, the performance level should be similar. Hence, if performance is showing in same level, CSI feedback scheme and precoding operation consistence in rank 1 and rank>1 should be taken as one benchmark. Actually due to dynamic TS switching, same CSI feedback and precoding operation for rank 1 and rank>1 are desired to simplify UE behaviour and system design.
Proposal 3:  In order to simplify the system design, applying same CSI feedback and precoding operation for rank 1 and rank>1 is preferred. 
4
Conclusions
In this contribution, we give some technical analysis and our preference for transmission scheme 2 downselection. The proposals are as follows:  
Proposal 1:  In rank 1 transmission, precoding cycling with non-transparent DMRS and DMRS based SFBC can be considered. If making the down-selection, we slightly prefer precoding cycling due to the flexibility it gives in terms of more integrated transmission scheme utilization.      
Proposal 2:  In rank >1 transmission, non-transparent DMRS based precoding cycling can be considered with high priority.   
Proposal 3:  In order to simplify the system design, applying same CSI feedback and precoding operation for rank 1 and rank>1 is preferred. 
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Appendix    
       Table 1: Simulation Configuration and Parameters
	Parameters
	Values

	Scenario
	UMi 200m ISD

	Antenna modelling
	(8, 4, 2) total 64 antenna elements，formulated to 8 horizontal antenna ports via vertical beamforming.

	Traffic model 
	Full buffer model

	System bandwidth
	10MHz

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Network synchronization 
	Synchronized

	UE Speed 
	120km/h

	UE distribution 
	Uniform

	Receiver 
	Non-ideal channel estimation and interference modelling

	
	LMMSE receiver

	UE Rx antenna configuration
	X-pol 

	Feedback 
	CQI reporting triggered per 5ms, long term PMI (W1) feedback

	
	Feedback delay is 5 ms

	Transmission schemes
	SFBC, precoding cycling, layer shifting

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	CSI-RS transmission
	5 msec


