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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 some remaining issues on the CSI feedback content and the CQI derivation for Semi-OL schemes.
Discussion
CSI feedback content
In general, there are three possible reporting schemes, i.e., no PMI, partial PMI and full PMI. In this part, we discuss the pros and cons of those schemes from various perspectives including signalling overhead, computation complexity and performance.
Scheme 1: No PMI
In this scheme, the UE is not requested to provide a preferred precoder. Hence, this reporting scheme yields the lowest computation complexity for the UE as the UE does not need to try and compare a various precoder candidates. Besides, this scheme has the lowest reporting overhead.
Scheme 2: Partial PMI
In this scheme, the UE is required to report a W1 matrix or only the horizontal/vertical beam. Based on the UE reported partial PMI, the network may transmit data via precoder cycling or SCDD. Since UE is allowed to provide preferred beam direction information, this scheme is robust to high mobility. On the other hand, this scheme has the medium computation complexity and signalling overhead among the three candidate reporting schemes. Compared to the no PMI reporting scheme, it remains to be investigated whether the extra overhead is really useful in benefiting the system throughput. 
Scheme 3: Full PMI
In this case, UE reports both W1 matrix and W2 matrix. Although the feedback content is identical to the CSI reporting scheme for TS1, the CQI computation depends on a TS2 scheme. The good perspective is having a unified reporting framework and payload size for both TS1 and TS2. However, the doubtfulness lies in the necessity of W2 reporting, because 1) the co-phase information is short-term and sensitive to UE mobility, and 2) UE may randomly pick up a W2 matrix for CQI from complexity perspective. 
From the above analysis, we can see that it is essential to identify the benefit of additional feedback compared to the case with no PMI feedback. Since TS2 is performed when the accurate CSI is not available, it is reasonable to give higher credit to computation complexity and signalling overhead from a system design perspective. Hence, our proposal regarding PMI reporting for TS2 is as follows.
Proposal 1: NR considers no PMI feedback as a baseline for TS2. Companies should strive to provide simulation results of how much benefit can be obtained from having partial or full PMI reporting.
CQI derivation method
In terms of CQI derivation, the key question is to decide the CSI-RS port to DMRS port mapping. In words, UE has to compute the spectral efficiency based on the precoder chosen for data, then the network is able to perform link adaptation based on the reported spectral efficiency and reported precoder. For closed-loop schemes, UE reports wideband/long-term precoder W1 together with the short-term precoder W2, based on which UE calculates and report CQI. However, for TS2 schemes, since the PMI is partially or is not reported, the CSI-RS port to DMRS port mapping is not fully reported to the network. It remains to be investigated what assumption should be made to derive the CQI.
In RAN1#89 meeting, transparent schemes, i.e., PRB level precoder cycling and Small Cyclic Delay Diversity (SCDD), were selected as transmission schemes for DL unicast PDSCH. There are generally two alternations to derive CQI for TS2 schemes. 
Alt-1: without a defined scheme 
In this scheme, UE computes the CQI without assuming any specific schemes. For the case with no PMI feedback, UE evaluates the spectral efficiency of every possible precoder, and derives the CQI by averaging those obtained spectral efficiencies. For the case with partial PMI feedback, UE evaluates the spectral efficiency of every precoder associated with the partial PMI, and report the average spectral efficiency as the CQI. For the case with full PMI feedback, the UE may randomly choose a PMI and compute the CQI associated with the random selected precoder. 
Alt-2: fixed precoder selection
This case can work with no PMI feedback or partial PMI feedback. In this case, no matter which W1 or horizontal/beam is reported or no PMI is reported, UE always computes the CQI assuming a fixed precoder given the PMI reporting. For example, if W1 matrix is reported, the CQI is derived assuming the first precoder from the 16 candidate W2 precoders associated with the selected W1 matrix. This scheme has the lowest computation complexity from the UE perspective. The CQI computation methods for each PMI reporting scheme is summarized in Table 1.
Table 1. Combination of CQI computation methods and PMI reporting schemes
	
	No PMI
	Partial PMI
	Full PMI

	CQI computation without a defined scheme
	Average CQI of all possible precoders
	Average CQI of all possible precoders associated with the reported PMI, e.g., W1 or W11/W12
	CQI based on a randomly picked PMI

	CQI computation with a fixed precoder
	CQI associated with a fixed precoder specified in the spec
	CQI associated with a fixed precoder given the reported PMI. E.g., always use the first W2 precoder associated with the reported W1 matrix
	Same as TS1



In LTE eFD-MIMO, W1 matrix reporting with fixed beam selection for CQI computation was selected for semi-OL schemes. The main reason is that fixed beam selection has the lowest complexity, and the Alamouti coding for rank-1 and RE-level co-phase cycling for rank-2 ensures a robust CQI so that fast channel variation does not degrade CQI accuracy very much. However, in NR, since SFBC and RE-level cycling are not supported due to interference rejection issue, using Alt-2 (i.e., a fixed precoder selection) for CQI computation does not provide a robust CQI. The main reason is that the fixed precoder selection does not only fix the beam, but also fix the co-phase vector/matrix, wherein the co-phase vector/matrix is a short-term coefficient and is sensitive to channel variation. If the method of LTE eFD-MIMO is reused by only fixing the beam, it is still remaining to study how to deal with the 4 co-phase vectors associated with the selected beam, which lies in the scenarios of Alt-1. Hence, NR should reconsider CQI computation methods from various aspects, including implementation flexibility, computation complexity and performance. 
Observation 1: the CQI computation method employed in LTE eFD-MIMO may not suffice to provide robust CQI quality because the RE-level co-phase cycling and SFBC are not supported in NR.
Proposal 2: Companies should provide simulation results on the candidate CQI computation schemes. 
[bookmark: _Ref378529477]Conclusions
In summary, we discuss the pros and cons candidate PMI reporting scheme and CQI derivation assumptions.  Based on our discussion, we observe,
Observation 1: the CQI computation method employed in LTE eFD-MIMO may not suffice to provide robust CQI quality because the RE-level co-phase cycling and SFBC are not supported in NR.
and we propose,
Proposal 1: NR considers no PMI feedback as a baseline for TS2. Companies should strive to provide simulation results of how much benefit can be obtained from having partial or full PMI reporting.
Proposal 2: Companies should provide simulation results on the candidate CQI computation schemes. 
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