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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 this contribution we will analyze different candidates of rank1 and rank 2, and give our preference.
2
Discussion  
In this section, we analyze the potential issues that will impact the open-loop/semi-open-loop transmission performance and technical feasibility from rank 1 and rank 2 respectively. 
2.1 
Rank 1 selection 
From rank 1 prospective, reliability is one essential factor, while throughput is not the main focus. Therefore, challenging channel conditions, for example high mobility and severe channel fading, should be overcomed. In this sense, channel information feedback and utilization should not be assumed as one basic requirement. Precoding cycling can enable precoded vector cycling to avoid certain precoding vector mismatch to real channel status, while small delay CDD causes one small phase rotation to different antenna port, which is similar to precoding cycling, and the only difference is possibly owing smaller phase granularity for small delay CDD. For SFBC based transmission scheme, ideally, spatial diversity and frequency diversity can be achieved together. Another factor to be considered is DMRS overhead. For precoding cycling and SFBC, the DMRS overhead is similar, normally more than one RS port needed. For small delay CDD with transparent DMRS, the overhead is a bit smaller, for example, only single DMRS port is used, however, it is really depending on RS pattern design. In case of the interference measurement, it seems no big problem for SFBC based diversity, since interference measurement can use more different ways, not only relying on DMRS itself.   
Proposal 1:  In rank 1 transmission, DMRS based SFBC should be supported.    
2.2 
Rank>1 selection  
When rank >1 is applied, it means data capacity is one important target, therefore, suitable CSI utilization should be considered. When open-loop transmission is applied, the precoding vector set is pre-configured, then precoding cycling is not relying on UE feedback, like as LTE Rel-8 transmission mode 3. In LTE Rel-14, in order to utilize partial CSI information, semi-open-loop transmission is introduced. Within this configuration, one long term wideband PMI W1 is reported from the UE and co-phasing vector W2 is pre-configured and cycling precoded. So it can be assumed as one effective scheme to achieve CSI utilization and diversity gain both. Actually the precoding cycling can have more implementation ways, for example, per PRB cycling, per RE cycling, beam cycling, co-phasing cycling. Meanwhile, the CSI utilization way is various, either with partial PMI feedback, or no PMI feedback. The performance will vary according to different implementation ways. When multiple panels or multiple TRPs are used, precoding cycling can be combined with multiple beam parallel transmission. In case of layer shifting, it will swap data symbols among different beams to achieve the diversity gain, but pure layer shifting is not that attractive, because certain precoder should be implemented in the open-loop transmission. Moreover, layer shifting is related to the codeword number setting, if one codeword comprising the multiple layers, then the layer shifting doesn't bring additional gain. For small delay CDD or larger delay CDD, due to its similar effect with precoding cycling or layer shifting, we think they should be set with low priority. 
For transparent DMRS or non-transparent DMRS, it is better to set the limitation on DMRS precoding granularity with at least one PRB. It means DMRS precoding is same within one PRB, which can reduce channel estimation effort. Then precoding cycling can be done with PRB level. Considering performance difference in the concrete schemes, further downselection should be made in the work item stage.    
Proposal 2: For the rank >1 ransmission, the following schemes can be considered for further downselections:
·  Precoder cycling with transparent DMRS

·  Precoder cycling with non-transparent DMRS
·  Precoder cycling and layer shifting combination
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, with cross-polarization. Due to dual-stage codebook usage, in the end two DMRS ports are used to transmit one layer or two layers.  
For rank 1 transmission, SFBC and RE level co-phase cycling are evaluated. For SFBC, the antenna elements of one polarization direction will be mapped to one antenna port. 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, RE level co-phase cycling and precoder cycling plus layer shifting have been evaluated. In the RE level co-phase cycling, its implementation is same as rank 1 co-phase cycling. In the precoder cycling plus layer shifting, per PRB precoder cycling is implemented, and layer shifting is used to swap data mapping.     

· Rank 1 performance comparison 

	
	Average throughput 
	Cell edge throughput 

	RE level co-phase cycling 
	 100%
	100%

	SFBC
	 107%
	110%


· Rank 2 performance comparison  
	
	Average throughput 
	Cell edge throughput 

	RE level co-phase cycling
	 100%
	100%

	Precoder cycling plus layer shifting 
	 100%
	102%


According to above result, we get the following observations: 
Observation 1: for rank 1 transmission, SFBC is robust in high speed case, slightly better than co-phasing cycling. 
Observation 2: for rank 2 transmission, co-phase cycling shows similar performance with precoder cycling plus layer shifting.

4
Conclusions
In this contribution, we give some technical analysis and our preference for transmission scheme2 downselection. In addition, following observations are obtained according to performance evaluation:

Observation 1: for rank 1 transmission, SFBC is robust in high speed case, slightly better than co-phasing cycling. 
Observation 2: for rank 2 transmission, co-phase cycling shows similar performance with precoder cycling plus layer shifting.
In case of downselection preference, the following proposals are made:
Proposal 1: In rank 1 transmission, DMRS based SFBC should be supported.   
Proposal 2: For the rank >1 transmission, the following schemes can be considered for further downselections:

·  Precoder cycling with transparent DMRS

·  Precoder cycling with non-transparent DMRS
·  Precoder cycling and layer shifting combination
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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

	Traffic model 
	Full buffer model

	Beam Setup 
	1D aggregation, 2 beams in elevation domain (+6º and +18º)

	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


