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1. Introduction
In the RAN 1 #86 meeting the specification enhancement on DMRS based semi-open-loop transmission was agreed [1], the following areas are included. 
· Support RE level transmitter operation on PDSCH for both CSI reporting and PDSCH transmission
· Down selection from the following transmission schemes in RAN1#86bis, including possible combination
· Precoder cycling
· Tx diversity 
· LD-CDD
· Layer Permutation
In this contribution we provide our views on the required specification enhancements for supporting DMRS based semi-open-loop transmission schemes.
2. Discussion 
Since Rel-8, the open-loop technique has been adopted. In TM3, when rank v is greater than 1, the precoder for PDSCH with large delay CDD can be changed every v subcarriers. For every v contiguous subcarriers, the same random precoders can be used to form v beams. Within these subcarriers, the CDD matrix can change the mapping of v intermixed data symbols to the v beams, which makes the channel qualities of the TB close to each other. When rank v is equal to 1, the transmit diversity is used, where the SFBC is applied to 2 or 4 consecutive REs. As the TM3 is CRS based, it cannot support open-loop scheme for eNBs with more than 4 antenna ports. In addition since the DMRS based transmission schemes are the baseline for FD-MIMO systems, DMRS based open loop scheme is the only one way to implement the open-loop transmission.
2.1 Transmission Method 
For rank 1 transmission, either transmit diversity or precoder cycling can be utilized to support open loop transmission. However for transmit diversity, due to requirement for even number of REs, the transmission on some OFDM symbols may not be possible. In this case due to presence of orphan RE(s), the PDSCH performance may be impacted. Comparing to transmit diversity, the precoder cycling doesn’t have such requirement and therefore is more preferred. 
For rank>1 transmission, the precoder cycling can be applied to enable the beam diversity. As observed in [2], compared to RB level precoder cycling, the performance for the RE level precoder cycling with large delay CDD can provide better performance, especially for lower SINR case. Further from [3] it can be observed that significant performance gain can be achieved from RB level precoder cycling with per subcarrier large delay CDD, compared to that without large delay CDD. 
Link level simulations are provided to evaluate the performance difference for RE or RB level, precoder cycling or precoder cycling +LD-CDD semi-OL transmission schemes. Detailed simulation assumptions can be found in [4] and also listed in the Appendix for easy reference. Fore valuation 6 DMRS antenna ports and rank 2 PDSCH transmission were assumed. In this case the number of precoders within a PRBs is 3. The selected precoders were generated randomly to provide different transmitting directions. In one subframe, the three precoders can be cycled in the RE level (4REs) or RB level. 
                                      						      	
Figure 1 shows the link level performance of the rank 2 transmission for the UE speed of 30km/h, 60km/h and 120 km/h. RE and RB level precoder cycling with/without LD-CDD. It can be observed that 1-2dB performance gain can be achieved from LD-CDD compared to the case without LD-CDD. And compared with RB level precoder cycling, RE level precoder cycling is slightly preferred. 
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Figure 1: 8Tx, 2Rx, 30km/h (left), 60km/h (middle) and 120km/h (right)
Observation 1: 1-2dB performance gain can be observed from the LD-CDD compared to the case without LD-CDD, and the performance of RE-level precoder cycling is better than RB-level precoder cycling.
Proposal 1: for rank 1 transmission, compared to transmit diversity, per RE precoder cycling based transmission is slightly preferred as there would be no orphan RE issue; for rank>1 transmission, to obtain better performance, precoder cycling with large delay CDD based data transmission should be applied, and RE level precoder cycling is preferred.
2.2 CSI reporting scheme
For the semi-open-loop based DMRS, the precoder can be given as , where  indicates the long-term and wideband precoder and  denotes the short-term precoder which can be one beam selected from a set of beams. The  information in CSI report represents the long-term transmission direction, while  information represents the short-term transmission direction. In the scenarios with UE mobility the accuracy of  cannot be sufficient enough to guarantee the performance and the precoding cycling across  is required.  Since the reported  matrix is not used for the transmission, the overhead of the uplink control information can get redcued by not transmitting the feedback of .
The calculation of RI and CQI, conditioned on the selected long-term transmission direction , the UE could assume the precoder cycling is applied for . In tis case the reported RI and CQI can reflect the channel state information taking onto account with diversity gain provided by  cycling. 
Proposal 2: CSI reporting for semi-open loop schemes can include feedback of the long-term transmission direction represent by as well as the RI and CQI estimated based on precoder cycling.
3. Conclusions
In this contribution we have provided our views on specification enhancements for DMRS based semi-open loop transmission. From the discussion, we have the following proposals.
Observation 1: 1-2dB performance gain can be observed from the LD-CDD compared to the case without LD-CDD, and the performance of RE-level precoder cycling is better than RB-level precoder cycling.
Proposal 1: for rank 1 transmission, compared to transmit diversity, per RE precoder cycling based transmission is slightly preferred as there would be no orphan RE issue; for rank>1 transmission, to obtain better performance, precoder cycling with large delay CDD based data transmission should be applied, and RE level precoder cycling is preferred.
Proposal 2: CSI reporting for semi-open loop schemes can include feedback of the long-term transmission direction represent by as well as the RI and CQI estimated based on precoder cycling.
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Appendix – link level simulation assumptions
[bookmark: _Ref225007379][bookmark: _Ref225007373]Table 2 Simulation Assumptions 
	Parameters
	Value

	System bandwidth
	10MHz (50RBs)

	Antenna configuration
	8 ports
2 Rx antennas (cross-polarization)

	Channel model
	3D UMa 500m

	UE velocity
	30 km/h, 60 km/h, and/or 120km/h

	Carrier Frequency 
	2GHz

	Overhead
	2 PDCCH symbols per sub-frame

	Modulation, code rates
	Based link adaptation

	HARQ
	HARQ with max 4 transmissions

	Number of allocated PRBs
	20 PRBs

	CSI feedback
	Open loop with CDD: TM3 like feedback
Open loop without CDD: TM9 like feedback
Close loop: TM9
Semi-open loop: TM9 like feedback

	Feedback delay
	5 msec

	Feedback periodicity 
	5 and/or 10 msec

	Channel estimation for demodulation and CSI estimation
	Non-ideal

	Receiver
	MMSE-IRC

	Rank adaptation
	NO

	Baseline
	TM 9 based closed loop transmission
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