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1. Introduction
In RAN1#86bis, transmission schemes of DMRS based semi-open loop transmission for rank 1 and 2 was agreed as below. In this paper, we further investigate the design specifics.
Agreements:

· Denote the modulation symbol index as i, RE-level PDSCH processing for semi-open-loop MIMO is based on DMRS ports 7/8

·  Rank-1: Tx diversity
· 
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· Rank-2:  co-phasing cycling
· 
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· For the purpose of CSI feedback, UE assumes the following beamforming on port 7/8 (to N CSI-RS ports) 

· Dual-stage codebook:  W(j)= W1W2(j) 

· W1: 
 wideband i1 (e.g. grid of beams) of rank-2 

· Rank-1 (options to be downselected at RAN1#87): 

· Option 0: SFBC without defined cycling pattern (e.g. codebook subset restriction applicable to i2, and/or hybrid A+B CSI (with second eMIMO type associated with single-stage codebook), and/or Class B)

· Option 1: SFBC only + fixed beam selection

· Option 2: SFBC + per-N-PRB-pair cycling with defined cycling pattern

· W2(j):  pre-determined set of beam selection matrices of rank-2 

· W2(j) cycling per PRG, where PRG comprises N consecutive PRB pairs

· value of N FFS

· size/order of beam selection matrices for cycling FFS

· Rank-2 (options to be downselected at RAN1#87)

· Option 0:  without defined cycling pattern  (e.g. codebook subset restriction applicable to i2, and/or hybrid A+B CSI (with second eMIMO type associated with single-stage codebook), and/or Class B) 

· Option 1: fixed beam selection
· Option 2:  per-N-PRB-pair cycling with defined cycling pattern 
· W2(j):  pre-determined set of beam selection matrices of rank-2 

· W2(j) cycling per PRG, where PRG comprises N consecutive PRB pairs

· value of N FFS

· size/order of beam selection matrices for cycling FFS 
· If the CQI reporting is configured to be based on the Single-stage codebook: W(j) 

· 2 CSI-RS ports:  identify matrix (i.e. no PMI feedback)

· 4 CSI-ports:  Per-PRB-pair cycling of W(j), where W(j) = Ck, k=mod(j,4)+12, Ck denotes the rank-2 precoding matrix of index k 
· NOTE: j denotes PRB pair index
· FFS rank-3/4
2 Design Details for Rank 1 and 2 Transmission 
Down selection of W2 precoder cycling granularity is triggered in RAN1 #86bis for DMRS based open-loop transmission. In total, there are three options: without predefined cycling pattern, one fixed beam selection and per-N-PRB-pair cycling with predefined cycling pattern. All these three options are assuming a dual stage codebook and W1 applies to the whole band. Theoretically, the diversity performance should be with an increasing order w.r.t. the three options, because the granularity in precoder cycling is decreasing. With N=1, the third option should bring the best performance. On the other hand, the implementation complexity also increases with the decreasing precoder cycling granularity. Also with the decreasing granularity, the reference symbols that can be aggregated together for channel estimation are decreasing, thus the channel estimation performance decreases accordingly. The best tradeoff between performance and complexity should be justified by simulations. In Table 1, we show the simulation results of different W2 cyclings for rank=2 semi open loop transmission. 
Table 1: rank=2 semi open loop transmission with different W2 cycling

	UE speed
	Partial PMI based Precoder Group

And its Cycling Pattern
	Co-phasing for two virtualized Xpol ports

And its Cycling pattern
	Sector capacity (Mbps)
Cell Edge (Kbps)

	120km/h
	Option 0: sector beamforming 
	RE level Xpol port co-phasing

Co-phasing vectors 
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Rank-2 ONLY


	24.7 (100%)

330(100%)

	
	Option 1:fixed beam selection
	
	32.7 (132%)
420 (127%)

	
	Option 2: per PRB beam cycling
	
	33.3 (135%)

440 (133%)


In above simulation results, option 1 and 2 outperform the baseline sector beamforming by ~30% in both cell edge and sector capacity, while the difference between option 1 and 2 is quite small. That is because in this simulation even with one fixed beam from the partial PMI feedback, rough direction/position of UE can be inferred, while using sector beamforming the beamforming gain is lost as it beams to generally the whole sector. 

Observation 1: for one typical scenario, performance of fixed beam selection and per PRB beam cycling outperform the sector beamforming. 

The performance gap among the options depends on the channel angular spread. In an extreme case, if the angular spread is big enough that channel paths are coming from all directions in the sector, there will be no much difference between option 0 and option 1/2. In the opposite, if the angular spread is quite small, eg only one of the beams based on W1 feedback can hit the right direction/position of UE, performance of option 1 and gap between option 1 and 2 will be quite tricky as it may or may not select the right beam. 
Observation 2: sector beamforming with co-phasing cycling may work for the high angular spread scenario, and performance of fixed beam selection depends on the channel angular spread can fluctuate a lot. 
To maintain robust performance, option 2 with per PRB based cycling should be the best option, although introducing the cycling pattern brings some complexity increase to BTS and UE implementation. Based on the above observations, we propose option 2 with per PRB cycling to be specified for semi open loop transmission. 

Proposal 1: per PRB based W2 cycling should be specified for semi open loop transmission. 

Besides we also observe that as the co-phasing cycling is done at RE level, high number of DMRS port is needed to realize UE transparent transmission. For example, if two co-phasing terms are cycled, the DMRS port number should be doubled and if four co-phasing terms are cycled, we need four times the DMRS port number. To mitigate this issue, ways to reduce overhead for co-phasing cycling should be studied. One simple way would be splitting the DMRS REs within a PRB to groups and apply different co-phasing terms to different groups by a predefined pattern. Here we would use this method as an example to trigger the study of overhead reduction for co-phasing cycling. 
Proposal 2: for rank 2 precoder cycling, the number of DMRS port has to be equal to number of layers multiplies the number of co-phasing options, eg. Number of reference signal REs is doubled if we have two co-phasing matrices. Overhead reduction for such case should be studied.    

3 Conclusion
This contribution has provided detail design specifics DMRS-based semi open-loop transmission. We have following observations and proposals:
Observation 1: for one typical scenario, performance of fixed beam selection and per PRB beam cycling outperform the sector beamforming. 

Observation 2: sector beamforming with co-phasing cycling works for the high angular spread scenario, and performance of fixed beam selection depends on the channel angular spread can fluctuate a lot. 

Proposal 1: per PRB based W2 cycling should be specified for semi open loop transmission. 

Proposal 2: for rank 2 precoder cycling, the number of DMRS port has to be equal to number of layers multiplies the number of co-phasing options, eg. Number of reference signal REs is doubled if we have two co-phasing matrices. Overhead reduction for such case should be studied.    
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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-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	X-pol 

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

	
	Feedback delay is 5 ms

	Transmission schemes
	SU

	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
	5msec
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