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1. Introduction
In RAN1#85, the support of DMRS based semi-open loop transmission was agreed as below, in this paper, we give our design on this new transmission scheme. 
· DMRS-based semi-open-loop

· Specify enhancement to support DMRS-based semi-open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas 
· CSI reporting scheme with partial PMI feedback, and/or 
· Transmission method with transmit diversity and/or precoder cycling, with possible enhancements to precoder bundling 
· Associated enhancements to DMRS if required
· Further system level simulations (e.g. considering wideband scheduling and BLER targets at high speed) will be conducted in order to identify the exact scheme to be specified. 

2 Design Principles
There are several considerations in our mind for supporting semi-open loop transmission. 

· Transmission Modes: 

With regard to transmission modes for semi-open loop transmission, it is preferred to use TM9 and TM10 since both TMs are DMRS based and can be relatively easy to be extended.  We may need to think about TM10 a little more given that TM10 is usually used for CoMP transmission with multiple TPs.  Unlike Rel 13 FD-MIMO which is optimized for low speed UEs to improve spectrum efficiency with EBF/FD-MIMO schemes, Rel 14 semi-open loop FD-MIMO is optimized for high speed UEs. The likelihood of using CoMP for high speed UEs is quite low. However the difference between TM9 and TM10 is marginal if only single CSI process is configured for a UE. So both TM9 and TM10 can be useful for semi-OL DMRS-based transmission. 
Proposal 1: It is preferred to support DMRS-based semi-OL transmission schemes in both TM9 and TM10. 

· CSI Feedback Framework:

The signature of DMRS-based semi-open loop transmission is the feedback framework providing partial CSI knowledge. There are two CSI feedback frame structures defined in Rel.13 EBF/FD-MIMO. Class A CSI feedback is defined for un-precoded CSI-RS transmission with a larger number of Tx (>=8 Tx) codebook. Class B CSI feedback is defined for beamformed CSI-RS transmission where a CRI is feedback back from the UE to select the best beam from the UE perspective. During Rel.13 FD-MIMO discussion, it was concluded that each class has its own merit in different implementation aspects. Therefore it is preferred that DMRS-based semi-open loop transmission scheme should be based on both class A and class B types of CSI feedback so that FD-MIMO can be further enhanced to support a variety of UE speeds efficiently. 
Proposal 2:  The design of DMRS-based semi-open loop transmission shall be based on both class A and class B types of CSI feedback. 
Proposal 3: For Class-B based semi-OL feedback, at least CRI/RI/CQI shall be feedback if semi-OL feedback is configured. FFS: whether additional partial PMI feedback is beneficial. 
· Candidates of Transmission Schemes: 

Scheme #1: LD-CDD

The basic principle of semi-open loop transmission is to use both spatial diversity and spatial multiplexing (if applicable) in order to avoid a large overhead of CSI feedback and uncertainty of channel estimation. These transmission schemes have been defined and widely used in current LTE system, e.g. TM3. LD-CDD (CRS based) were designed to provide extensive diversity gain and robust performance. With some simple enhancement, e.g. using DMRS, LD-CDD can be extended for R14 FD-MIMO. Although LD-CDD was designed to support up to 4 ports, supporting LD-CDD under CSI feedback frame structure of both Class A and Class B requires some specification effort due to new numbers of CSI-RS ports defined in Rel 13 and 14. 
Observation 1:  if DMRS-based LD-CDD scheme is adopt, at least additional ports numbers, i.e. {8, 12, 16, 20, 24, 28, 32}, shall be supported for both Class A and Class B based semi-OL transmission. 

Scheme #2: Random Precoding

Another scheme is to adopt some “randomness” per subcarrier by selecting PMI (or partial PMI if using a dual stage codebook) for the transmission. The key advantage of such a scheme is the flexibility to adopt different number of CSI-RS ports. Using a predefined pseudo random sequence to decide an exact PMI used for each subcarrier, the sequence can be generated using some random seed, e.g. similar to sequence generation for CRS. This scheme works for any given number of CSI-RS ports in theory as long as the codebook (for CSI feedback) is configured.  However more details are required due to the support of single/dual stage codebooks, arbitrary number of CSI-RS ports, rank adaption, etc. 
Observation 2: if DMRS-based random PMI scheme is adopt, it is prefer to unify schemes as much as possible. 

Scheme #3: TxD

In TxD, DMRS-based semi-OL is a little bit different from current TxD in TM3, which is based on full utilization of 2 or 4 CRS ports. For DMRS-based OL transmission and feedback, hypothetical TxD transmission scheme shall assume a certain number of DMRS ports and associated TxD schemes. Therefore since the channel measurement is based on configured CSI-RS ports, an additional port mapping may be needed by mapping from x CSI-RS ports into 2/4 DMRS ports associated with 2Tx/4Tx TxD schemes respectively. Such a port mapping needs to be specified clearly. So the UE can properly calculate TxD CQI based on a method of port mapping and also take into account the overhead of DMRS ports. 
Observation 3: if DMRS-based TxD is adopt, eNB should configure UE with the number of DMRS ports and specific CSI-RS-to-DMRS port mapping in order to determine TxD-based transmission hypothesis and calculate TxD CQI correspondingly. 
3 Simulation Setup
In this simulation, following simulation setups are considered: beams were setup for class B type of feedback using CRI feedback with 3 bits. Beam setup is 2D aggregation, 2 DFT V + 4 DFT H-beams. The DFT beams are similar to Rel.13 FD-MIMO simulations. For 2TX results, each beam is configured with a two-port beamformed CSI-RS resource for CSI measurements. For 4TX results, each CSI-RS resource is configured with two ports per polarization in the horizontal dimension. Each port is formed by co-phasing two co-polarized elements according to one of four beam-steering weights given in 2TX DFT codebook. Detailed simulation assumptions including antenna setup and scenarios can be found in the Annex. 
For 2TX results, two schemes are compared: SFBC-MU and CDD-MU (rank-1 only):
· 2TX SFBC-MU: UE reports 3 bits CRI feedback to select one beam (beamformed CSI-RS) resource and CQI corresponding to the SFBC encoding on the selected CSI-RS resource. Then, based on this feedback, the eNB performs multi-user pairing for scheduling SFBC transmissions on multiple CSI-RS resources concurrently. The multi-user pairing takes into account the dominant beam directions of the jointly scheduled CSI-RS resources and only allows concurrent transmissions on CSI-RS resources that are separated by at least 65 degrees in azimuth and elevation dimensions. For PDSCH transmissions, both DMRS ports 7/8 are used to enable channel estimation and SFBC demodulation at the UEs.
· 2TX CDD-MU: The encoding of the CDD-MU scheme is very similar to that of SFBC-MU scheme. In this case, each CSI-RS resource is encoded according to the 2TX rank-1 CDD transmission scheme, i.e. cyclic PMI of rank 1 per RE. The reported CQI corresponds to the rank-1 CDD transmission hypothesis on the selected CSI-RS resource. Details of the multi-user scheduling are the same as described above. For PDSCH transmissions, DMRS port 7 is used to enable channel estimation and rank-1 CDD demodulation at the UEs.
For 4TX results, three schemes are compared: CDD-MU and Random Precoding (RP)-MU:
· 4TX CDD-MU: UE reports 3 bit CRI feedback to indicate the selected beamformed CSI-RS resource, and then further reports a preferred RI and CQI (both wideband) for the selected CSI-RS resource (beam) given the CDD transmission hypothesis inherited from Rel 8. For the pairing algorithm, no restriction on the minimum separation of azimuth and elevation angles of the paired CSI-RS resources was applied.  
· 4TX RP-MU: In this case, a simple random precoding strategy with 4TX PMI weights cycled across REs is used in place of the CDD encoding. All other details remain the same for the 4TX CDD-MU scheme.
4 Full Buffer Simulation Results
In this section, we provide our simulation results for 2TX and 4TX transmission schemes discussed above. To highlight the advantage of semi-open loop transmission schemes with additional feedback of CRI, different user speeds, namely 3km/h, 30km/h, 120km/h, are considered. As we already illustrated in our previous contribution [2] open loop transmission schemes don’t performance well if only SU-MIMO is used. This contribution focuses on MU-MIMO and for all results herein MU-MIMO scheduling is used. The first set of results is focused in the CDD-versus-SFBC comparison. As shown below, DMRS-based SFBC scheme outperforms rank-1 CDD scheme at all UE speeds. The reason for this is that SFBC, which is encoded across two streams, creates less inter-cell interference than the single-stream CDD encoding, and this decrease in interference level then is translated as the mean and cell-edge throughput gains observed at all UE speeds.

	
	UE speed

	
	3 kmph
	30 kmph
	120 kmph

	2TX SFBC+ GoB
	2.47, 0.074
	2.42, 0.060
	2.30, 0.047

	2TX CDD + GoB (rank-1 only)
	2.00, 0.064
	1.94, 0.050
	1.82, 0.040


Proposal 4: It is preferred to adopt SFBC-like transmission scheme for rank-1 semi-open loop transmission.

The second set of results considers 4TX DMRS-based semi-OL schemes. As seen below, CDD-based scheme outperforms simple RP scheme at all speeds and for both cell-edge and mean throughput metrics. 
	
	UE speed

	
	3 kmph
	30 kmph
	120 kmph

	4TX CDD + GoB
	2.88, 0.072
	2.84, 0.063
	2.72, 0.052

	4TX random precoding + GoB
	2.62, 0.067
	2.60, 0.058
	2.45, 0.049


Proposal 5: It is preferred to adopt LD-CDD-like schemes for high rank semi-open transmission.  
5 Conclusion
This contribution has provided performance evaluation of DMRS-based semi-open loop transmission with CRI reporting. Therefore we have following observations and proposals:
Proposal 1: It is preferred to support DMRS-based semi-OL transmission schemes in both TM9 and TM10. 

Proposal 2:  The design of DMRS-based semi-open loop transmission shall be based on both class A and class B types of CSI feedback. 

Proposal 3: For Class-B based semi-OL feedback, at least CRI/RI/CQI shall be feedback if semi-OL feedback is configured. FFS: whether additional partial PMI feedback is beneficial. 
Observation 1:  if DMRS-based LD-CDD scheme is adopt, at least additional ports numbers, i.e. {8, 12, 16, 20, 24, 28, 32}, shall be supported for both Class A and Class B based semi-OL transmission. 

Observation 2: if DMRS-based random PMI scheme is adopt, it is prefer to unify schemes as much as possible. 

Observation 3: if DMRS-based TxD is adopt, eNB should configure UE with the number of DMRS ports and specific CSI-RS-to-DMRS port mapping in order to determine TxD-based transmission hypothesis and calculate TxD CQI correspondingly. 
Proposal 4: It is preferred to adopt SFBC-like transmission scheme for rank-1 semi-open loop transmission.

Proposal 5: It is preferred to adopt LD-CDD-like schemes for high rank semi-open transmission.  
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Appendix: Simulation assumption
Table 1: Simulation assumptions

	Parameters
	Values

	Scenario
	UMi 200m ISD

	Antenna modeling
	Total 64 antennas, (M, N, P): (8, 4, 2),  with full connection (64TXRU)
Horizontal: Four Xpols (+45/-45) 0.5-lambda

Vertical: 8-elements 0.8 lambda

	Traffic model 
	Full buffer model

	Beam Setup 
	2D aggregation, 2 DFT V + 4 DFT H-beams

	System bandwidth
	10MHz (50 PRBs)

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

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h, 30km/h, 120km/h

	UE distribution 
	Uniform

	Receiver 
	Non-ideal channel estimation and interference modelling

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	Feedback 
	CRI, CQI, PMI (only for TM9) and RI reporting triggered per 5ms

	
	Subband CQI/PMI for TM9, wideband CQI for SFBC/CDD/RP

	
	Feedback delay is 5 ms 

	Transmission schemes
	TM9-MU, CDD-MU, SFBC-MU, RP-MU

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

	Scheduler 
	Frequency selective scheduling for TM9, wideband scheduling for OL schemes

	CSI-RS transmission
	5msec



