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1. Introduction
It was agreed that NR will support transmission scheme 1 and transmission scheme 2. 
Agreement: 

· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix
· Demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter
· Note: spatial multiplexing and rank-1 are included
· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix
· Demodulation of data at the UE may or may not require knowledge of the relation between DMRS ports and data layers
· Note: DMRS can be precoded or not precoded
In RAN1#89 it was agreed there will be no explicit specification support of TS2 from PDSCH demodulation perspective. CSI feedback of TS2 may or may not require specification support. In this contribution we discuss CSI feedback for TS2 (semi-open-loop).

2. Discussion
It is understood from discussion in LTE Rel.13 that closed-loop MIMO with PMI feedback (e.g. TS1) operates well in scenarios with high CSI reliability. In scenarios with non-ideal CSI reliability (e.g. high-mobility), performance degradation often can be observed with TS1. Semi-open-loop TS2 is considered more robust in these scenarios. Various design alternatives for TS2 have been discussed in Rel.13 with a common target to introduce time/frequency diversity by applying different precoders on different fractions of a time/frequency resource of PDSCH transmission. The same principle applies to CSI which is calculated for a hypothetical PDSCH. Precoder cycling is the most straightforward solution. 
2.1. Codebook for semi-open-loop

The agreed codebooks for NR [2] include Type I single panel (SP), Type I multi-panel (MP) and Type II single panel codebooks, ranging from 2 to 32 ports. It is expected that PMI cycling for TS2 will be based on the agreed codebook for TS1. There is no need to introduce a new set of codebooks specifically for TS2.
Not all codebooks for TS1 need to be considered for TS2. Specifically, type II codebook is intended for high-spatial resolution CSI, which is mostly relevant to scenarios such as low mobility and high order MU-MIMO. Type II codebook is less relevant to TS2. In our view TS2 CSI should first focus on Type I single panel codebook with L = 4. Type I single panel codebook with L = 1 achieves lower cycling diversity than L = 4 and should be discussed further. Whether Type I multi-panel codebook should be supported in TS2 can be further discussed.
Proposal:

· TS2 CSI should at least support Type I single-panel codebook with L = 4. 
2.2. PMI cycling pattern
Rel.13 semi-open-loop adopted a design where a single wideband W1 comprising a set of beams is reported, and W2 cycling is across co-phasing values of a single beam in W1 pre-defined by codebook subset restriction. 

Considering reduced beam width with larger antenna array, the Rel.13 design (e.g. single beam cycling) may not sufficiently cover the angular spread when UE moves at a high velocity. Hence cycling across multiple beams is preferred. One method is to have W2 cycling across all beams in W1. Another possibility is to have W2 cycling across multiple beams in W1, where the set of beams for W2 cycling are controlled by RRC/MAC-CE. For instance the number of beams for W2 cycling can be controlled  to align with CSI subband size and PRB bundling granularity.
Proposal: 
· Re-use similar design of Rel.13 semi-open-loop with a single wideband W1 feedback, and no W2 feedback. 

· W2 cycling is across multiple beams in W1, where the beam subset can be indicated by RRC/MAC-CE. 
2.3. Time/frequency cycling pattern
PMI can be cycled per RE-group where each RE-group comprises N resource elements. Given that TS2 will not be explicitly supported in NR, the following cycling patterns are possible:
· Alt-1:  Per PRG 

· Alt-2:  Per PRG group
· Alt-3:  Per OFDM symbol (or symbol group), per-PRG

Between Alt-1 and Alt-2, Alt-1is beneficial as W2 cycling can be completed in a smaller resource allocation, allowing more flexible scheduling. Better cycling diversity is also achieved for a given frequency assignment. 

Alt-3 goes one step further by introducing time-domain cycling (e.g. different precoders on an earlier part and a later part of a slot), further increasing the diversity gain and scheduling flexibility. On the flip side, new channel estimator different than TS1 is needed (e.g. independent channel estimation in a 1st half and a 2nd half within a slot), adding to UE complexity. Also to ensure cycling within a PRB, DMRS density needs to increase proportionally, including both front-loaded DMRS and additional DMRS. Whether there is sufficient performance gain to warrant such complexities is unclear. 
Proposal:
· Per-PRG cycling is the baseline. 

3. Conclusion

In this contribution we discussed CSI enhancement for TS2. Our current preferences are summarized below:

Proposal:

· TS2 CSI should at least support Type I single-panel codebook with L = 4 beams. 
Proposal: 

· Re-use similar design of Rel.13 semi-open-loop with a single wideband W1 feedback, and no W2 feedback. 

· W2 cycling is across multiple beams in W1, where the beam subset can be indicated by RRC/MAC-CE. 
Proposal:

· Per-PRB-level cycling is the baseline. 
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