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1. Introduction

In RAN1#84b meeting, SLS and LLS evaluation assumption for OL MIMO is agreed [1]. In this contribution, we discuss a transmission scheme by taking an example and CSI reporting for semi-OL MIMO. Also, we provide initial link evaluation results for DMRS based 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: type 1 is based on random beam cycling and type 2 is based on SFBC. In this contribution, we focus on the first type OL MIMO scheme and provide a simple example. The other OL MIMO transmission schemes also need to be further studied and evaluated.
As an example of (semi) OL-MIMO scheme based on DMRS, the following can be considered:
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                            (Eq. 1)
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           (Eq. 2)
Eq. 1 shows data symbols transmitted on antenna port 7 to 7+(
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-1) when rank is 
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 is layer permutation matrix. With the permutation matrix, data layers and DMRS ports are still one to one mapped but the mapping varies RE by RE, resulting in the same average SINR for all data layers and the same CQI for the two codewords. If the permutation matrix is always set to identity matrix, the transmission scheme described in Eq. 1 is the same as legacy up to 8 layer transmission scheme supported by TM9/10.

Eq. 2 shows a precoded DMRS sequence transmitted on antenna port 15 to 15+(P_CSIRS-1), where 
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 is Walsh spreaded DMRS sequence corresponding to DMRS port n and P_CSIRS is the number of CSIRS port. Precoding matrix W(nRB) is used to transmit DMRS sequence and it can vary every RBs or every bundled RBs when PRB bundling is enabled. Compared to legacy LD-CDD with RE level beam cycling, this transmission scheme utilizes beam cycling with coarse resolution so that diversity gain from random beam cycling is reduced especially when scheduled RB is few and PRB bundling is enabled. 
· CSI calculation for (semi) OL MIMO Transmission scheme based on DMRS
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(Eq. 3)
Eq. 3 shows data stream transmitted on antenna port 15 to 15+(P_CSIRS-1), when the transmission scheme described in Eq. 1 and Eq. 2 is used. When calculating CSI, UE assumes that data layers are permutated and precoded and transmitted on CSIRS ports, as described in Eq. 3, and data signal is transmitted through the channel estimated from CSIRS. 
In case of OL-MIMO, UE calculates and reports RI and CQI without PMI, similar to legacy LD CDD CSI feedback, and eNB transmits PDSCH with random beam cycling W(nRB). On the other hand, 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 use random beam cycling to transmit PDSCH but these beams are within channel direction reported by the UE. Specifically, depending on whether OL MIMO or semi-OL MIMO is used, UE assumes the precoding matrix W(nRB) in different ways as follows. 
In case of OL MIMO, UE assumes W(nRB) in such a way as: 
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(Eq. 4)
In Eq. 4, 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. Since precoding matrix changes in a pre-determined way, UE calculates RI and CQI using a pre-determined precoder and reports RI and CQI, without PMI.
In case of semi-OL MIMO, UE assumes W(nRB) in such a way as:
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(Eq. 5)
In Eq. 5, W2 PMI i2​​ is determined by
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 but UE calculates and reports W1 PMI i1 in the same way as CL-MIMO scheme. 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. 6)
In Eq. 6, 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.
3. Initial evaluation results
This section will be updated with evaluation results.
4. Conclusion
In this contribution, we provide a simple example of (semi) OL-MIMO transmission scheme and discuss CSI calculation when this transmission scheme is used. In case of OL-MIMO, UE calculates and reports RI and CQI without PMI, similar to legacy LD CDD CSI feedback, and eNB transmits PDSCH with random beam cycling. On the other hand, 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. 
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