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1. Introduction

In RAN1#84b meeting, SLS and LLS evaluation assumption for OL MIMO is agreed [1]. Base on the evaluation assumption, we provide initial link evaluation results for DMRS based semi-OL MIMO, and discuss OL transmission schemes and CSI reporting for semi-OL MIMO. 
2. Discussions
· (semi) OL MIMO transmission scheme based on DMRS

There could be a variety of DMRS based OL-MIMO schemes but they may be categorized into two types of OL MIMO schemes [2]: Transparent OL-MIMO and non-transparent OL-MIMO scheme. 
The former one means the same transmission scheme as conventional DMRS based transmission scheme but eNB conducts beam cycling in the unit of RB or bundled RB, which is transparent operation from the UE perspective. As a result, it does not cause a spec impact in terms of transmission scheme and simple.
In non-transparent OL-MIMO scheme, each data layer is transmitted by using multiple DMRS ports and as a result, RE-level diversity can be achieved. This RE-level diversity may be able to provide gain, which cannot be achieved by RB-level cycling (i.e., transparent OL MIMO scheme), if scheduled RB size is small such as a single RB. However, we need to carefully consider the followings:

Firstly, it is hard to expect that single RB/subband scheduling occurs frequently because file packet size is not small enough to be transmitted with single RB/subband. Also, in FTP traffic model, the number of UEs who has traffic at the same time is small in most case so that each UE is likely to be scheduled with multiple RBs/subbands. As eNB schedules multiple subbands to each UE, RB-level cycling is able to provide enough diversity gain.
In addition, in order to conduct RE-level cycling, it needs more DMRS ports than transmission rank. For example, for rank 1 transmission with non-transparent scheme, at least 2 DMRS ports are needed, resulting in increasing DMRS overhead or DMRS power deboosting. Furthermore, it causes a spec impact on transmission scheme. Therefore, non-transparent OL MIMO scheme should show enough gain over transparent scheme to justify spec efforts.

Considering these points, transparent OL-MIMO scheme seems to be a good starting point and worth to consider with minimum spec impact.
Proposal 1: transparent OL-MIMO scheme seems to be a good starting point and can be considered with minimum spec impact.
· CSI calculation for (semi) OL MIMO Transmission scheme based on DMRS
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(Eq. 1)
Eq. 1 shows data stream transmitted on antenna port 15 to 15+(P_CSIRS-1) and in case of semi OL MIMO, UE reports parts of beam information (i.e. partial PMI) in addition to RI and CQI based on Eq. 1. In this case, eNB still use random beam cycling to transmit PDSCH but these beams are within channel direction reported by the UE. Specifically, in case of semi-OL MIMO, UE assumes the precoding matrix W(nRB) in such a way as:
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(Eq. 2)
In Eq. 2, , i1 and i2 correspond to W1 PMI and W2 PMI, respectively and C(i1,i2) is a codeword defined by i1 and i2 in dual codebook and 
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define pre-determined pattern for beam cycling. W2 PMI i2​​ is determined by
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 but UE calculates and reports W1 PMI i1 assuming 
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 is used for i2. For example, when Rel-12 8Tx codebook is used, UE reports i1 corresponding to fat matrix composed of high correlated DFT vectors. As a result, beam cycling is applied within this restricted set of high correlated DFT vectors. If UE velocity is medium high, this semi-OL MIMO may be able to achieve meaningful gain over CL MIMO scheme.
As an another example of semi-OL MIMO, when Rel-13 codebook for Class A is used, UE assumes W(nRB) in such a way as:
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(Eq. 3)
In Eq. 3, W1 PMI i1 is decomposed into i11 and i12. W2 PMI i2​​ and i11 are determined by
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, respectively but UE calculates and reports i12. Given that typically UE moves slower in vertical direction than in horizontal direction, i12 corresponding vertical spatial domain, for example, is less likely to suffer from channel aging. As a result, even if UE velocity is high, closed loop precoding can be supported in vertical spatial domain and open loop precoding can be supported in horizontal spatial domain.
As described above, in semi-OL MIMO, partial PMI (e.g. i1, i11, i12, or etc.) is reported and optimal contents of the partial PMI can varies depending on channel environment. Therefore, UE can determine contents of the partial PMI based on channel environment and can report it with CSI in long term manner.

In case of Class B beamformed CSIRS, we also can consider CSI feedback enhancement using multiple ports, each of which is beamformed in different direction. For example, 4 beamformed CSIRS resources with single port are configured to UE and UE selects 2 CSIRS resources (i.e., 2 ports) among the four and calculates CSI by applying OL MIMO on the selected 2 ports. As a result, diversity gain can be achieved on the two beams that UE determines and reports.
3. Initial evaluation results
In this section, we provide LLS results, comparing wideband baseline scheme and OL-MIMIO. We evaluated them with 20 scheduled RB and 120km/h and detail simulation assumption can be founded in Annex. Wideband baseline is conventional DMRS based CL-MIMO scheme. For transparent OL-MIMO, PRB bundling is off and eNB conducts W2 beam cycling per PRB based on reported W1 so that cophase and beam selection are changing.To figure out the impact of CSI enhancement, we evaluate transparent OL-MIMO with and without CSI enhancement, separately. For CSI enhancement Eq. 2 is used so that RI, CQI, W1 is calculated and reported assuming known W2 cycling pattern. 
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Figure 1. Link level performance comparison between transparent OL MIMO and CL MIMO
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Figure 2. Link level performance comparison with different initial FER
From Figure 1 and 2, we have the following observations:

Observation 1: no OL-MIMO gain shows without CSI enhancement
Observation 2: by increasing target 1st FER properly, diversity gain can be achieved in baseline scheme with the cost of latency. 

From the observation 1, we see that CSI enhancement is needed to capture diversity gain in CQI if DMRS based OL-MIMO is introduced and OLLA is not enough to reflect the diversity gain in MCS. From the observation 2, we see that increasing 1st FER helps to increase diversity (i.e. time domain channel diversity). However, it is not a good solution for high velocity UE due to the latency problem.
Proposal 2: CSI enhancement for semi-OL MIMO can be considered.

4. Conclusion
In this contribution, we discuss (semi) OL-MIMO transmission schemes and CSI enhancement based on Semi-OL MIMO. When semi OL MIMO is used, UE reports parts of beam information (i.e. PMI) in addition to RI and CQI. In this case, eNB still uses random beam cycling to transmit PDSCH but these beams are within channel direction reported by the UE. Based on the discussion and LLS, we have the following observations and proposals:
Observation 1: no OL-MIMO gain shows without CSI enhancement

Observation 2: by increasing target 1st FER properly, diversity gain can be achieved in baseline scheme with the cost of latency. 

Proposal 1: transparent OL-MIMO scheme seems to be a good starting point and can be considered with minimum spec impact.
Proposal 2: CSI enhancement for semi-OL MIMO can be considered.
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Annex : Simulation Parameters and Assumptions
	Parameters
	Value

	System bandwidth
	10MHz (50RBs)

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

	Channel model
	ITU UMa 

	UE velocity
	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 scheduled

	CSI feedback
	Feedback mode 1-1 for baseline and transparent OL MIMO

	Feedback delay
	5 msec

	Feedback periodicity 
	5 msec

	Channel estimation for demodulation and CSI estimation
	Non-ideal 

	Receiver
	MMSE-IRC

	Rank adaptation
	On
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