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Discussion and Decision
1
Introduction
In the RAN1#87 meeting, there were some agreements on Open loop and Semi-open loop transmission [1]:
Agreements:
· 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

In this contribution we analyze different open-loop and semi-open loop schemes and give our preferences.
2
Discussion
In this section, we analyze the potential issues that will impact the open-loop transmission performance and technical feasibility. 
2.1 
Robustness
Normally, close-loop transmission is targeting to get better throughput via coupling with accuract CSI feedback for low mobility users. For high mobility users, link reliability is more critical since SINR degradation is significant. Meanwhile, in challenging scenarios, e.g in strong interfered area, connection robustness is one fundamental requirement. In those cases, we need to consider robustness transmission which is basic assumption for transmission scheme selection. Hence, rank 1 based transmission should be firstly considered. In case of random precoding or transmission diversity, according to available discussion in legacy LTE system, SFBC should be prioritized due to reliable performance [2]. When considering NR, beam based transmission diversity is also one suitable choice since beam transmission is more popular in new radio system.   

Proposal 1:  SFBC based rank-1 transmission should be supported in high mobility and high reliability case.
2.2 
CSI utilization
Accurate CSI feedback is useful to close loop transmission, but in open-loop or semi-open loop transmission, it is difficult to acquire timing channel and interference information. When UE channel condition is not changed sharply, partial channel information is possible to obtain. For example, long term PMI or beam information can be reported by UE to assist beamforming or precoding operation. Even in some cases, in order to get one better coverage to UE moving area, multiple long term PMIs or beams can be used. In dual codebook feedback framework, reported long term PMI can be combined with short term co-phasing cycling vectors for precoding operation. Furthermore, if considering shorter subframe structure of new radio, it is possible to configure fast CSI feedback to track UE channel change. Then it leads to the performance of open-loop scheme approaching to that of close loop scheme. In this sense, effective utilization for channel information feedback needs to be further studied in open-loop or semi-open loop transmission of new radio. For the CSI utilization, how to acquire effective channel information and keep robust transmission are to be balanced. Meanwhile, performance and complexity should be taken into account together.   
Proposal 2:  In semi-open loop transmission, utilizing partial channel information needs to be supported.
2.3 
Precoding transparency 
When utilizing channel information reporting, one tough technical issue is how to do precoding to DMRS. If using same precoding vector for DMRS and data resource, it is quite simple to UE receiver processing. But it may cause some schemes to be unfeasible, for example RE based precoding cycling. In order to keep robust transmission, precoding vector may be not limited to one, even using different precoding vector to different RS resourece elements, then it will make different precoding operation for DMRS and data resource and complicate channel information recovey. Here it introduces one problem for discussion: how to keep simple precoding but achieve the precoding gain? From technical implementation point of view, transparent precoding is simple and simplifies implementation. If introducing non-transparent precoding, DMRS precoding is better to keep same for one PRB. The reason is to keep simple channel estimation and enable channel interpolation within one PRB. If different precoding operation used in different RS resource, obviously, it will complicate channel estimation processing.  
In case of interference measurement mismatch due to different precoding on data RE and DMRS, it can be allievated by instant IMR configuration. When one IMR located in data RE range is configured, obviously the estimated interference will be aligned with experienced interference. On the another hand, since the open-loop transmission is often working in slow CSI feedback scenario, instant interference change may not impact the performance significantly.        
Proposal 3:  Precoding vector for data RE and DMRS RE can be same or different, but precoding vector on DMRS should be same at least in PBR level to facilitate the channel estimation.   
3
Performance evaluation 

In order to get a clear performance comparison of different open-loop trasnmision schemes, we simulated different transmission schemes under the 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-phasing cycling are evaluated. For SFBC, each polar antenna array will be mapping to one antenna port. For RE level co-phasing cycling scheme, W1 is reported by UE and W2 is cycling with predefined vectors [exp(j*pi/2), exp(j*2*pi/2), exp(j*3*pi/2), exp(j*4*pi/2)].
For rank 2 transmission, layer shifting scheme and co-phasing cycling scheme have been evaluated. In layer shifting, two layer transmissions are switched alternatively. For rank2 co-phasing cycling, it is similar to rank 1 transmission, using W2 co-phasing cycling.     

· Rank 1 performance comparison 

	
	Average throughput 
	Cell edge throughput 

	RE level PMI cycling 
	 100%
	100%

	SFBC
	 107%
	110%


· Rank 2 performance comparison  
	
	Average throughput 
	Cell edge throughput 

	Layer shifting 
	 100%
	100%

	PMI cycling 
	 100.5%
	101%


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 layer shifting.

Proposal 4:  When open-loop transmission with high rank is applied, co-phase cycling is one starting point for further performance enhancement.  
4
Conclusions
In this contribution, we give initial performance evaualtion for transmit diversity and open-loop transmission, based the result, following observations are obtained:

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 layer shifting.

Based on technical analysis and performanc result, we propose:  

Proposal 1:  SFBC based rank-1 transmission should be supported in high mobility and high reliability case.
Proposal 2:  In semi-open loop transmission, utilizing partial channel information needs to be supported.
Proposal 3:  Precoding vector for data RE and DMRS RE can be same or different, but precoding vector on DMRS should be same at least in PBR level to facilitate the channel estimation.   
Proposal 4:  When open-loop transmission with high rank is applied, co-phase cycling is one starting point for further performance enhancement.  
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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

	Scheduler 
	wideband scheduling for OL schemes

	CSI-RS transmission
	5 msec


