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1. Introduction
In RAN1#86 meeting, it was agreed that frequency selective precoding should be studied for uplink (UL) transmission [1]. In this contribution, we clarify the points for further discussion in order to facilitate this topic.
	Agreements:
· Study UL precoder signaling for frequency selective/non-selective precoding
· Example 1: Signaling of single or multiple PMIs via DL control and/or data channels

· Multiple PMIs can be signaled via a single DCI or multi-level DCI (1st level DCI contains a location indication to the 2nd level DCI)
· Example 2: For TDD, precoder calculation at the UE based on DL RS 

· Notes: 

· The feasibility of frequency selective precoding is conditioned RAN1 decision on, e.g. NR frame structure, waveform(s)
· Impact on other system design aspects (e.g. DL control channel decoding performance/complexity) should be considered.
· Study the use of UL frequency selective precoding for precoded transmission including precoder cycling
· For frequency selective precoding, study UL precoding granularity (i.e. UL subband size) considering following aspects

· Implicit (defined by spec.) or explicit (by eNB/UE decision) signaling support

· Whether to align with DL or not
· Evaluation should include UL specific aspects such as CM analysis according to UL waveform, etc.
· Study of frequency non-selective precoding is of higher-priority 


2. Discussion

First of all, we should consider signaling impact related to frequency selective precoding. NR is assumed to support wider bandwidth than LTE-A. If codebook based precoding is used, larger signaling overhead will occur due to the larger number of precoding resource block groups (PRGs).

Observation 1: Wider bandwidth will bring lager signaling overhead if codebook based approach is applied to UL frequency selective precoding.
One of the effective ways to get over this problem is using reciprocity based operation, i.e, UE decides its precoding matrix itself. With the reciprocity based operation, UE can perform UL precoding without downlink signaling on TPMI. Hence it’s beneficial to apply reciprocity based operation for frequency selective precoding if UE is well calibrated. However as for non-calibrated UE we need to consider another way. In our companion contribution [2], we proposed a feedback method called amplify-and-forward (AF) feedback. This method provides CSI to UE without significant increasing feedback overhead so that UE can decide UL precoding matrix itself.
Proposal 1:

 Support amplify-and-forward (AF) feedback for non-calibrated UEs.

  Secondly, for UL transmission, peak-to-average power ratio (PAPR) has impact on manufacturing cost and battery life. Therefore how we keep PAPR low is important issue. Since precoding matrix can increase PAPR significantly, we should study low PAPR sets of precoding matrices if codebook based approach is used.
Observation 2: If codebook based approach is used for UL frequency selective precoding instead of the AF feedback, we should study low PAPR sets of precoding matrices.
3. Conclusion
In this contribution we discussed key points for UL frequency selective precoding. Our observations and proposals are summarized as followed:
Observation 1: Wider bandwidth will bring lager signaling overhead if codebook based approach is applied to UL frequency selective precoding.
Proposal 1:

 Support amplify-and-forward (AF) feedback for non-calibrated UEs.

Observation 2: If codebook based approach is used for UL frequency selective precoding instead of the AF feedback, we should study low PAPR sets of precoding matrices.
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