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Introduction
In RAN1 #89, the agreement on DL semi-OL/OL scheme was as follows [1]. 
· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for unicast PDSCH in specification 
· Note: CSI feedback assuming open-loop/semi-open-loop and/or closed-loop transmissions is to be discussed separately
In this document, we discuss various CSI feedback schemes applied for TS2. This contribution is revised from R1-1713398.
Discussion
After the transparent schemes were adopted as semi-OL/OL schemes for NR R15, the CSI reporting scheme to support transparent semi-OL/OL scheme receive lots of attentions. There are two main open issues involved in this topic. The first issue the CQI computation assumption, while the second one lies in PMI report type in the CSI reporting. The main arguments focus on whether a specific CQI computation method is needed to support semi-OL/OL schemes, and whether full/partial PMI feedback can provide benefit for high mobility UEs. In the following, we elaborate on several options regarding this two issues and discuss their pros and cons including signalling overhead, flexibility and performance.
Revisiting CSI feedback for semi-open loop schemes in R14 LTE eFD-MIMO
In R14 LTE eFD-MIMO [2], non-transparent schemes, SFBC and RE-level cycling, were adopted as the semi-open/open schemes. The CSI feedback scheme includes a partial PMI, i.e., W1 matrix, while W2 is not reported if a dual-stage codebook is configured. The CQI computation consists of two parts. The first part is CSI-RS port to DMRS port mapping. This is done by applying a common single beam for each polarization. The common single beam is obtained using the reported W1 matrix according to the codebook subset restriction (CSR). The second step is applying the Alamouti encoding/RE-level co-phase cycling across the DMRS ports.
Such a CQI computation reflects the RE-level operation of the specific semi-open scheme, i.e., applying Alamouti and co-phasing cycling. On the other hand, the W1 matrix may have 4 beams and the base station may use different beams across RBs to transmit PDSCH. Hence, such a CQI computation assumption does not reflect the actual RB-level operation, because a single beam is used for the whole bandwidth. 
It is worth noting that such a design is reasonable for R14 LTE eFD-MIMO. Since non-transparent schemes are adopted, the RE-level operation should be explicitly known by both the base station and the UE. Then, it is fair to perform CQI computation using Alamouti encoding and co-phase cycling. The RB-level operation is transparent to UE. That is, whatever beam is used to derive the CQI for each RB, the base station has the flexibility to decide whether or not to use that beam in the corresponding RB. Hence, assuming a certain beam cycling pattern across RBs does not directly lead to a performance enhancement. Then, a common single beam for the whole bandwidth achieves a fair balance between the computation complexity and the performance.
Observation 1: it is a fair consider CQI computation assuming extra RE-level operation as the PDSCH decoding as the precoder of non-transparent should be explicitly known by the UE, while assuming a fixed beam for RB-level operation due as beam is selected by the BS and is transparent to UE.
CQI computation assumption
In NR, transparent schemes such as SCDD and RB-level cycling were adopted, a nature option for CQI computation is to reusing the philosophy of the CQI computation in R14 LTE- eFD-MIMO. That is, employing the same RE-level operation as the PDSCH decoding in the CQI computation, while assuming a common precoder for all the RBs. Then, since there is extra RE-level operations in the transparent schemes (note that the phase change of SCDD in one RB is negligible), the entire CQI computation is assuming a common fixed precoder for the RBs. 
The benefit of this option is reducing the complexity as the fixed precoder can be indicated via CSR, and CQI computation does not need to go over all the candidate precoders. Besides, this scheme can be achieved using the same CSI-RS framework as for TS1 schemes. Specifically, the base station needs to configure a specific CSR and/or a specific PMI reporting content, based on which the UE selects a precoder to compute the CQI and report the RI, PMI and CQI as required. This mechanism is nothing else than the mechanism for TS1 scheme. Therefore, this option does not need any specification effort and is a network implementation issue. The drawback of this option is that the CQI assumption does not provide enough robustness for the high mobility UEs.
Observation 2: following the philosophy of the CSI feedback for semi-open loop schemes in R14 LTE eFD-MIMO, the CQI computation for TS2 schemes in NR assumes a common single precoder for the across RBs, and can be achieved via the same CSI framework as TS1.
Another option is to compute CQI by averaging all the candidate precoders. That is, applying all the candidate precoders on each RB and deriving the CQI by averaging the spectral efficiency achieved by each precoder.
The third option computes CQI using a UE-selected reference scheme. This scheme gives UE the flexibility to determine the reference scheme used for CQI computation. The preferred reference scheme should be reported to the base station. 
The benefit of the second and third scheme is providing a robust CQI. These options require a dedicated CSI report setting because the CQI computation assumption is completely different compared to TS1 and should be explicitly indicated to UE. From complexity perspective, this option achieves similar computation complexity as TS1 scheme. This is because for whatever schemes, the UE needs to compute the SE achieved by all the candidate precoders on each RB. The CQI is computed by averaging the SE with/without a specific order for various schemes. 
Observation 3: CQI computation of the discussed schemes yield similar computation complexity.
PMI reporting
In terms of PMI reporting, there is a debate regarding whether the full PMI or partial PMI, i.e., W1 matrix or only the horizontal/vertical beam, brings performance gain over no PMI reporting mode. As mentioned earlier, in R14 LTE eFD-MIMO, W1 matrix is reported if a UE is configured with dual-stage codebook and is configured with semi-open mode. Besides, the CRS based diversity/spatial multiplexing scheme was also used, which works in open-loop mode and does not configure any PMI feedback. In NR, whether to request a PMI feedback is determined by the network. The partial PMI may be useful at some circumstance, while no PMI feedback may be enough in some other cases where the beam direction information can be inferred from other methods, such as via SRS or some long-term channel measurement. No matter what CQI options were adopted, no/partial PMI feedback can be supported by CSR or a specific configuration of the CSI report setting.
Observation 4: No PMI or partial PMI feedback is determined by the BS, both can be supported using CSR or the configuration of CSI report setting.
To sum, in Table 1, we present potential CSI feedback schemes for TS2 in NR. The key issue lies in whether compute the CQI using a common precoder for all RBs or using a certain cycling pattern. The performance comparison needs to be studied carefully. Based on the above analysis, we propose
Proposal 1: For NR TS2 CQI computation, down-selects from following options.
A. using a common precoder for all RBs per report granularity (TS1-like)
B. average CQI based on all the possible candidate precoders
C. UE select and report reference scheme


Table 1. CSI feedback schemes for TS2
	Scheme
	Reporting mode
	PMI
	CQI

	A
	No specific reporting mode for TS2
	No PMI, partial PMI configurable via CSR or CSI report setting
	Same as TS1, using a common precoder for RBs per reporting granularity

	B
	Specific reporting mode for TS2
	No PMI, partial PMI configurable via CSR or CSI report setting
	Average CQI based on a all the possible candidate precoders

	C
	Specific reporting mode for TS2
	No PMI, partial PMI configurable via CSR or CSI report setting
	UE-select/report reference scheme
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In summary, we discuss the pros and cons candidate PMI reporting scheme and CQI derivation assumptions.  Based on our discussion, we observe,
Observation 1: it is a fair consider CQI computation assuming extra RE-level operation as the PDSCH decoding as the precoder of non-transparent should be explicitly known by the UE, while assuming a fixed beam for RB-level operation due as beam is selected by the BS and is transparent to UE.
Observation 2: following the philosophy of the CSI feedback for semi-open loop schemes in R14 LTE eFD-MIMO, the CQI computation for TS2 schemes in NR assumes a common single precoder for the across RBs, and can be achieved via the same CSI framework as TS1.
Observation 3: CQI computation of the discussed schemes yield similar computation complexity.
Observation 4: No PMI or partial PMI feedback is determined by the BS, both can be supported using CSR or the configuration of CSI report setting.
and we propose,
Proposal 1: NR TS2 CQI computation down-select between
A. using a common precoder for all RBs per report granularity (TS1-like)
B. average CQI based on all the possible candidate precoders
C. UE select and report reference scheme
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