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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.
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 issues involved in this topic. The first issue is whether to include PMI feedback in the CSI reporting. The main argument lies in whether the PMI feedback can provide benefit at high mobility and whether the spatial information can be inferred from other methods, e.g., CSI feedback for TS1 schemes. The second issue lies in the CQI computation assumption. Since the CQI computation method for TS1 scheme may lead to outdated CQI, the main argument is what precoder should be used to compute a robust CQI so as to have a high reliability for high speed UEs. 
Let us first revisit the CSI feedback schemes for SFBC and RE-level cycling in LTE eFD-MIMO. In those schemes, a partial PMI, W1 matrix is reported and the CQI computation was based on a fixed beam selection. The main reason is that fixed beam selection has the lowest computation 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, a fixed precoder 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. Hence, NR should consider other.
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.
In the following, we elaborate on several CSI feedback schemes and discuss their pros and cons including signalling overhead, flexibility and performance. The key features of these schemes are highlighted in Table 1.
Table 1. CSI feedback schemes for TS2
	Scheme
	Reporting mode
	PMI
	CQI

	1
	No specific reporting mode for TS2
	Same as TS1, no specific reporting mode for TS2
	Same as TS1, no specific reporting mode for TS2

	2
	UE-determined 
(no specific reporting mode for TS2, UE selects TS1 or TS2 to perform feedback)
	Specific/dedicated PMI for TS1/TS2 indication
	CQI dependent on the specific/dedicated PMI, i.e., a (pre-defined/UE-selected) cycling pattern or SCDD

	3.1
	BS-determined 
(a dedicated reporting mode for TS2)
	No PMI
	CQI derivation based on CSR (if applicable):
Opt-1: average CQI over each candidate precoder;
Opt-2: CQI derived base on a (pre-defined/UE-selected) cycling pattern or SCDD
Opt-3: a fixed precoder

	3.2
	BS-determined 
(a dedicated reporting mode for TS2)
	Partial PMI
	CQI derivation based on the reported partial PMI:
Opt-1: average CQI over each candidate precoder;
Opt-2: CQI derived base on a (pre-defined/UE-selected) cycling pattern or SCDD
Opt-3: a fixed precoder



Scheme 1: Reusing CSI reporting mode for TS1
In this scheme, there is no specific CSI reporting configuration defined for TS2. UE report any combination of RI, PMI and CQI following the CSI reporting configuration for TS1. The determination of transmission scheme (e.g., TS1 or TS2 including RB-level cycling or SCDD) and the MCS is an implementation issue and is completely performed by the network. Hence, this scheme has no specification effort. However, from performance perspective, the robustness of the CQI reporting is unclear, especially for LTE CLASS-A like operation – UE reports RI, PMI and CQI based on non-precoded CSI-RS. To enhance the CQI reporting accuracy, one possible use case for this scheme is LTE hybrid like operation. That is, UE reports PMI based on non-precoded CSI-RS at a first stage; then, the base station decides a TS2 scheme and transmits a beamformed CSI-RS based on the received PMI, asks the UE to report a CQI based on the evaluation of the beamfored CSI-RS at a second stage. The drawback of this use case is the complexity and latency incurred in the two-stage reporting.
Scheme 2: UE-determined CSI reporting mode for TS2
This scheme defines a new CSI reporting configuration, where the UE determines whether to report the CSI based on a TS1 scheme or TS2 scheme. Specifically, a CSI reporting for TS1 scheme may include RI, PMI and CQI, where the CQI computation is based the selected rank and codeword. Besides, a CSI reporting for TS2 scheme may include RI, a specific PMI and CQI. The specific PMI indicates that the associated CQI reporting is based on a TS2 scheme. The CQI computation can be based on an average spectral efficiency resulted by all the candidate precoders or based on a specific TS scheme. In the latter case, the specific PMI can indicate which TS2 scheme (RB-level cycling or SCDD) is used. Moreover, the cycling pattern can be also involved in the specific PMI reporting if there are multiple specific PMI entries and multiple candidate cycling patterns are defined. 
This scheme has low specification impact by introducing a specific PMI in the set of candidate PMI values. Besides, this scheme gives UE the full flexibility to determine the preferred scheme. The network is aware of the preferred scheme once identifying the PMI. The CQI reporting provides a certain robustness as the CQI reflects the link quality of the preferred scheme. The determination of which scheme is assumed to compute CQI is a UE implementation issue.
Scheme 3: BS-determined CSI reporting mode for TS2
In this scheme, the specification needs to define a specific CSI reporting configuration for TS2. This scheme has two alternatives depending on the reporting content.
Scheme 3.1: No PMI feedback, only RI and CQI reporting
In this alternative, the base station configures UE to report RI and CQI only. The RI and CQI derivation may follow a codebook subset restriction (CSR). In some cases, the CSR may include a W1 restriction, which can be determined based on a long-term/wideband measurement. Given the subset of precoders, there are three possible ways of CQI computation. First option is to derive CQI based on a fixed precoder; the second option is to report an average CQI of all the possible candidate precoders subject to the CSR; the third option is to report CQI based on a UE-selected cycling pattern. In some other cases, the CSR may include a restriction on the specific PMI aforementioned in Section 2.2. By doing so, the network configures UE to compute CQI based on a specific TS2 scheme (RB-level cycling or SCDD) and based on a specific cycling pattern.
Scheme 3.2: RI, partial PMI and CQI reporting
In this scheme, the UE is required to report a W1 matrix or only the horizontal/vertical beam. The RI and CQI derivation are dependent on the reported partial PMI. Similar to the discussion in Section 2.3.1, there are three possible ways of CQI computation, i.e., CQI derivation based on a fixed precoder, an average CQI of all the possible candidate precoders subject to the partial PMI, or CQI derived based on a UE-selected cycling pattern. Compared to scheme 3.1, this scheme provides preferred direction information with some extra cost on reporting the partial PMI. However, it remains to be investigated whether the extra overhead is really useful in benefiting the system throughput, especially when long-term channel information can be inferred from the TS1 feedback or long-term/wideband measurement.
To sum, we think that no PMI feedback can be a starting point of evaluation, the usefulness of scheme 3.2 from performance needs to be clearly studied, because the partial PMI selection has much larger the UE side computation complexity than the case with no PMI feedback. Scheme 1 has the lowest complexity at the UE side, because the network does not configure any reporting mode for the TS2 scheme and all the precoders and MCS are selected based on previous TS1 CSI report. However, how to use the TS1 CSI report may impact the performance and the performance needs to be carefully studied. Scheme 2 and 3.1 are different by whether giving UE the flexibility to decide the transmission scheme, while both of them support robust CQI derivation, thus can be considered as good candidates for CSI feedback schemes for TS2.
Proposal 1: NR considers no PMI feedback as a baseline for TS2. The performance benefit of having partial PMI feedback needs to be identified.
Proposal 2: Following issues can be considered for CQI computation
· Alt-1: Average CQI based on a all the possible candidate precoders subject to CSR
· Alt-2: CQI associated with specific schemes/cycling pattern
· Supported by specific-PMI reporting or CSR
Proposal 3: 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. The performance benefit of having partial PMI feedback needs to be identified.
Proposal 2: CQI computation associate with CSR or specific-PMI on scheme indication
Proposal 3: Following candidates can be considered for CQI computation
· Alt-1: Average CQI based on a all the possible candidate precoders subject to CSR
· Alt-2: CQI associated with specific schemes/cycling pattern
Proposal 3: Companies should provide simulation results on the candidate CQI computation schemes. 
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