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1. Introduction

· In RAN1 #86, the DMRS-based Semi-Open-Loop Transmission has been discussed [1]. The detailed agreements are as follows. 

· Support both CLASS A and CLASS B with K≥1 CSI-RS resources for the eMIMO-Type of semi-open-loop

· For dual-stage codebook, 

· RI, i1 and CQI reporting is supported for {CLASS A} and {CLASS B with K=1 and 8Tx/alternate 4Tx codebooks}

· FFS: reporting i11 and/or i12 for Class A codebooks

· CRI, RI, i1 and CQI reporting is supported for CLASS B with K>1

· FFS: reporting i1 and subsampled i2

· FFS: Hybrid CSI with semi-open-loop 

· FFS: Reporting multiple CRIs for CLASS B K>1

· For single-stage codebook with 2 and 4 ports (CLASS B with K>1), CRI, RI and CQI are reported

· For single-stage codebook with 2 and 4 ports (CLASS B with K=1), RI and CQI are reported

· Support RE level transmitter operation on PDSCH for both CSI reporting and PDSCH transmission

· Down selection from the following transmission schemes in RAN1#86bis, including possible combination

· Precoder cycling

· Tx diversity 

· LD-CDD

· Layer Permutation
In this contribution, we discuss 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]. In [3], based on whether DMRS and PDSCH employ the same precoding, two schemes are introduced for semi-OL, i.e., the transparent scheme and the non-transparent scheme. For the transparent schemes, DMRS and the associated PDSCH share the same precoding, whereas DMRS and the associated PDSCH use different precoding in non-transparent schemes. One example for the non-transparent schemes is that the resulting precoder for the PDSCH of the i-th PRB/REG/RE 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, Layer Permutation, whereas W1 refers to CL-precoding indicated by the partial PMI fed back by the UE. For transparent schemes, the precoding granularities of DMRS and PDSCH are all RB-level. On the other hand, as PDSCH can use different precoding from associated DMRS for non-transparent schemes, the precoding for PDSCH can be RE level to achieve larger gain. Hence, as the RE-level PDSCH is already agreed, non-transparent schemes should be supported. 
Proposal 1: Non-transparent Semi Open Loop Schemes should be supported.
2.2  Comparison among RE level  schemes
Four RE level schemes have been proposed in [1]: precoder cycling, Tx diversity, LD-CDD, and layer permutation. The cons and pros of these four schemes are summarized in the following table. 
	Scheme
	Pros
	Cons

	Precoder cycling
	Cycling with existing codewords, which requires simple spec work
Achieve BF gain through  beam cycling
Applicable for all ranks
	Cycling pattern for the indicated percoders needs to be defined if only single CSI-RS exists to calculate accurate CQI

	Tx diversity
	Achieve diversity gain
Simple spec work
	May causing orphan REs 
Performance degrades in interference or high-rank channels

	LD CDD
	Achieve diversity gain
Simple spec work
	Introduce frequency-variation in channel, which is not good for channel estimation 
Codewords need to be specified

Not applicable for rank-1 case

	Layer permutation
	Achieve BF gain with layer permutation matrices
	Layer permutation matrices for different numbers of layers needs to be specified
Not applicable for rank-1 case
Performance may be limited in independent channel


Based on the above analysis, precoder cycling can be used for all rank>=1 cases. Moreover, the spec workload for precoder cycling is very low without specifying new codewords. Hence we prefer to use precoder cycling to support RE-level semi-OL transmission. 
Proposal 2: Support RE-level precoder cycling for semi-OL transmission.
2.3 Single CSI-RS vs. hybrid CSI-RS
As discussed in [3], two alternatives can be considered for the CSI reporting in semi-OL as follows.
Alt-1： Single CSI

In the single CSI 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

In Rel-14, hybrid CSI would be introduced. Hybrid CSI 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 and hybrid CSI.
3. Enhancements for DMRS-based semi-open-loop transmission
3.1 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 and hybrid CSI.
Single CSI
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. However, if the codebook subset needs to be specified, the subset used for different rank/Codebook-Config/single stage/dual stage needs to be studied, which requires much spec work. Moreover, eNB’s flexibility is constrained. 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 scheme to obtain accurate CQI.
Hybrid CSI 
For hybrid CSI, 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. Hence for hybrid CSI, the cycling codewords are applied in BF CSI-RS, and UE can calculate and report accurate CQI without specifying the cycling pattern. Specifically, eNB receives the partial PMI, i.e., i1, reported from UE based on NP CSI-RS. The cycling codewords can be applied on different ports/resources of BF CSI-RS. Then accurate CQI can be obtained through measurement 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.
Proposal 4: Support using hybrid CSI to enhance CQI for semi-OL.

3.2 Bundling size

Based on the above description of non-transparent schemes, RE-level operation is required. Specifically, the precoder for the PDSCH of the j-th RE is PDSCH is W=W1W2(j), whereas the precoding used for DMRS is W1. Then the precoding granularities of PDSCH and DMRS are not the same, e.g., RE/REG-level precoder cycling is employed for PDSCH, but the  RB/RBG-level for DMRS.
In current spec, the bundling sizes of DMRS and PDSCH are the same with the same signaling to indicate the bundling state and granularity. However, as the precoding granularities are different for the non-transparent scheme, the bundling sizes and granularities for PDSCH and DMRS 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 5: For non-transparent semi-OL, bundling should be enhanced, e.g., introduce bundling signaling for PDSCH and DMRS respectively.
3.3 CSI feedback 
In [1], the following CSI feedback schemes are discussed for semi-OL
	Dual-stage codebook
	Class A
	RI/i1or i11+i12/CQI

	
	Class B，K=1
	RI/i1or i11+i12 /CQI

	
	Class B，K>1
	CRI/RI/i1/CQI

	Single stage codebook
	Class B，K=1
	RI/CQI

	
	Class B，K>1
	CRI/RI/CQI


For hybrid CSI used in semi-OL, long-term CSI, e.g., RI/i1 can be reported for the 1st eMIMO-Type, whereas for the 2nd eMIMO-Type, it can be configured that only CQI is reported. The specific CSI feedback for hybrid CSI used in semi-OL is summarized as follows.
	
	CSI of 1st eMIMO Type
	CSI of 2nd eMIMO Type

	Hybrid CSI
	RI/i1 or i11+i12
	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: Non-transparent Semi Open Loop Schemes should be supported.
Proposal 2: Support RE-level precoder cycling for semi-OL transmission.

Proposal 3: For non-transparent semi-OL, bundling should be enhanced, e.g., introduce bundling signaling for PDSCH and DMRS respectively.
Observation 1: eNB needs to inform UE the precoders used for OL in the single CSI 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.
Proposal 4: Support using hybrid CSI to enhance CQI for semi-OL.

Proposal 5: For non-transparent semi-OL, bundling should be enhanced, e.g., introduce bundling signaling for PDSCH and DMRS respectively.
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