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1. Introduction

In RAN1 #85, the DMRS-based Semi-Open-Loop Transmission has been discussed [1]. The detailed agreements are as follows. 

· 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. 
In this contribution, we introduce potential schemes and associated enhancements for DMRS-based semi-open-loop transmission, including CQI calculation, CSI feedback and bundling.
2. Potential Schemes for Semi-OL Transmission
2.1 Transparent vs. non-transparent 
In DMRS-based semi-OL transmission, the precoder subset is configured according to the partial CSI feedback reflecting the time/frequency varying characterization of the channel, which gives semi-OL better performance than OL transmission [2]. Based on whether DMRS and PDSCH employ the same precoding, two schemes are proposed for semi-OL, i.e., the transparent scheme and the non-transparent scheme.
Scheme 1: Transparent scheme
The specific flow chart of the transparent scheme is depicted in Fig. 1. For the transparent scheme, the DMRS and PDSCH of the i-th PRB/REG employs the identical precoder W=W1W2(i), where W1 is indicated by the partial PMI reported by the UE, e.g., i11, i12 or i1, whereas W2(i) is configured by the eNB with OL schemes, such as precoder cycling based on the PMI group indicated by W1. 
Scheme 2: Non-transparent scheme

The flow chart of the non-transparent scheme is depicted in Fig. 2. For the non-transparent scheme, the resulting precoder for the PDSCH of the i-th PRB/REG is PDSCH is W=W1W2(i), where W1 is the precoding used for DMRS. Moreover, W2 refers to OL-precoding based on cycling, SFBC or LD-CDD, whereas W1 refers to CL-precoding indicated by the partial PMI fed back by the UE. 
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Fig. 1 Transparent scheme
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Fig. 2 Non-transparent scheme
Based on the above description, the difference between the transparent and non-transparent schemes is the whether PDSCH and DMRS share the same precoding. Further, if the precoding granularity of PDSCH and DMRS is the same, transparent scheme should be employed to achieve better demodulation performance. However, if the precoding granularity of PDSCH and data is not the same, e.g., RE/REG-level precoder cycling is employed for the current RB/RBG-level DMRS, non-transparent scheme should be adopted. Further, as the precoding granularity is different for the non-transparent scheme, the bundling size and granularity for PDSCH and data should be different. Hence to achieve better joint detection performance among multiple resources, bundling should be enhanced, e.g., introduce bundling signaling for PDSCH and DMRS respectively.

Proposal 1: For the transparent semi-OL scheme, precoding granularity of PDSCH and DMRS should be the same.
Proposal 2: For the non-transparent semi-OL scheme, precoder bundling should be enhanced.
2.2 Single CSI-RS vs. hybrid CSI-RS

It is observed in Fig. 1-2 that the relationship between the resulting precoder and the CSI feedback is the same for the transparent and non-transparent schemes. As a matter of fact, the CSI reporting scheme is a important issue in semi-OL transmission as the partial CSI feedback has a significant impact on the resulting precoder. Two alternatives can be considered for the CSI reporting in semi-OL as follows.
Alt-1： Single CSI-RS
In the single CSI-RS scheme, eNB configures a single type of CSI-RS, which is NP CSI-RS or BF CSI-RS. For the NP CSI-RS, UE measures the channel based on the NP CSI-RS resource and feeds back partial CSI, e.g., i11, i12, or i1. Moreover, the reported partial PMI indicates a subset of the codebook, which is used for the PDSCH in each REG/RB/RBG with a round robin manner. For the BF CSI-RS with K>1 resources, UE selects and reports CRI and/or i1 based on measurement.
Alt-2：Hybrid CSI-RS
In Rel-14, hybrid CSI-RS would be introduced. Hybrid CSI-RS can also be employed in semi-OL transmission. For example, for the hybrid CSI-RS case with NP CSI-RS and BF CSI-RS, NP CSI-RS can be utilized to obtain partial PMI, whereas BF CSI-RS can be utilized to obtain CQI and/or RI based on the non-PMI feedback methods. Hybrid CSI-RS is beneficial in semi-OL because the eNB can configure the precoding used in the BF CSI-RS flexibly based on the partial PMI feedback and the OL method. Thus the RI/CQI feedback is more accurate to reflect the channel quality compared with the single CSI-RS approach. 
Proposal 3: Study further on the semi-OL transmission based on single CSI-RS and hybrid CSI-RS.

3. CQI enhancement
In the legacy open loop schemes, CQI and RI are fed back without PMI. In TM3, CQI is fed back with assumption of a set of per-subcarrier precoders which aligns with the transmission scheme. For DMRS based TMs, eNB can configure UE without PMI mode to disable precoding bundling on DMRS. Depending on the TM, the UE would feed back TxD based CQI based on CRS or CSI-RS.  For DMRS-based Semi OL transmission, the UE determine the precoder WUE based on CSI-RS but just feeding back the partial PMI(i1/i11+i12).  However, the precoder may be different from what eNB uses WBS especially if the eNB use a set of precoders per PRB basis which is different from WUE. To derive CQI more accurately, it is desirable to align UE and eNB's understanding on which set of precoders is used and the precoding granularity. In this section, we elaborate more on the CQI enhancement schemes based on single CSI-RS and hybrid CSI-RS.
Single CSI-RS
If NP CSI-RS is used to calculate CQI, eNB needs to inform the UE about the precoder used in DMRS/PDSCH for each RB, e.g., the PMI reported by the UE, or the subset indicated by the UE to do precoding cycling. If BF CSI-RS with K>1 resources is used to calculate CQI, the beam used by PDSCH and CSI-RS is identical, which is indicated by CRI. However, the precoding codewords cycled by eNB still may be different as the ones UE assumes to calculate CQI. Hence eNB also needs to inform UE the precoders used for OL. 
Observation 1: eNB needs to inform UE the precoders used for OL in the single CSI-RS scheme to obtain accurate CQI.
Hybrid CSI-RS 
For hybrid CSI-RS, eNB can configure the precoding used in the BF CSI-RS flexibly based on the partial PMI feedback and the OL method. Take the hybrid CSI-RS scheme with NP CSI-RS and BF CSI-RS as an example. eNB determines the cycled codewords based on the partial PMI reported from NP CSI-RS. Then eNB can configure the cycled codewords to different ports of the BF CSI-RS, and eNB can calculate CQI based on the BF CSI-RS. Following this approach, eNB does not need to inform UE the cycled precoders in the data transmission stage.
Observation 2: eNB does not need to inform UE the precoders used for OL in the hybrid CSI-RS scheme to obtain accurate CQI.
4. Conclusions
In this contribution, we discuss potential schemes for DMRS based semi-OL transmission.  Based on the discussion, we have the following proposals and observations. 
Proposal 1: For the transparent semi-OL scheme, precoding granularity of PDSCH and DMRS should be the same.

Proposal 2: For the non-transparent semi-OL scheme, precoder bundling should be enhanced.

Proposal 3: Study further on the semi-OL transmission based on single CSI-RS and hybrid CSI-RS.

Observation 1: eNB needs to inform UE the precoders used for OL in the single CSI-RS scheme to obtain accurate CQI.
Observation 2: eNB does not need to inform UE the precoders used for OL in the hybrid CSI-RS scheme to obtain accurate CQI.
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