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1. Introduction
In RAN1#86 meeting, RAN1 agreed that reciprocity and non-reciprocity based UL operation should be supported [1].  These operations can be switched according to UE calibration level. For well-calibrated UEs reciprocity based operation will be served, and for non-calibrated UEs non-reciprocity operation will be served.
	Agreements:
The following aspects for UL MIMO transmission should be supported:

· Transmission schemes/methods for reciprocity calibrated UEs, reciprocity non-calibrated UEs, and non-reciprocity/partial reciprocity cases
· If needed, signalling associated with UL reciprocity based operation is introduced, e.g. UE capability which indicates calibration accuracy
· Whether to differentiate reciprocity non-calibrated UEs from non-reciprocity or not is to be studied

· Note: the number of transmission schemes/methods can be further discussed


Subsequently, details on non-reciprocity based operation are to be determined. In this contribution, we discuss a feedback method that provides UL CSI to non-calibrated UE.
2. Discussion

Prior to detailed discussion, we need to take note the following agreement that RAN1 made in the last meeting [2].

	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


As per this agreement, frequency selective precoding would be studied for UL transmission. It should be designed considering signaling overhead related to TPMI signalling.

For LTE-A, TPMI is signalled for UL precoding transmission. However, as we mentioned above, TPMI signaling brings large overhead when finer-granularity frequency selective precoding is applied for large bandwidth. Hence we need to study other methods. 

Observation 1: TPMI signaling may bring large overhead when finer-granularity frequency selective precoding is applied for large bandwidth.
Proposal 1: Study new methods that allow UE to obtain accurate CSI for frequency selective precoding without significant increasing overhead.
We propose an amplify-and-forward (AF) feedback method, which is a kind of analogue feedback [3]. This method is effective to avoid significant overhead. The outline is described in Fig. 1.
Observation 2: The amplify-and-forward (AF) feedback is beneficial to avoid significant increase of feedback overhead.
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Figure 1: Amplify-and-forward (AF) feedback
It’s also important to study UL reference signal (RS) design for the AF feedback because downlink overhead for the forwarding and CSI estimation accuracy depend on the RS sequence length and orthogonality. We should take a balance of feedback overhead and estimation accuracy. Hence we should define RS design for it as well.
Observation 3: UL RS design for the AF scheme should be defined since downlink overhead for the forwarding and CSI estimation accuracy depend on the RS sequence length and orthogonality.
Furthermore, forwarding signal length and resource allocation can be adjusted in order to save resources and reduce overhead.

Observation 4: Forwarding signal design should also be defined in order to reduce downlink overhead.

Another benefit of this method is its simplicity in terms of BS implementation. As shown in Fig. 1, the procedure is simple just to amplify and forward received UL RS (some noise reduction can be added). Thanks to the simplicity, the time period from reception of UL RS to its forwarding can be shortened. This allows UE to keep obtained CSI well updated and enhance beam-tracking performance. Fig. 2 shows an example of the AF feedback with self-contained sub-frame structure. 
Observation 5: The AF scheme allows UE to keep obtained CSI well updated and enhance beam-tracking performance.
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Figure 2: AF feedback with self-contained sub-frames
Because of the beneficial points of the AF feedback discussed above, we propose to support it and define RS design for it.
Proposal 2:  Support the AF feedback method and define UL RS and forwarding design for it.
3. Conclusion
In this contribution we discussed CSI acquisition scheme for non-calibrated UE to perform UL beamforming. Our observations and proposals are summarized as followed:
Observation 1: TPMI signaling may bring large overhead when finer-granularity frequency selective precoding is applied for large bandwidth.
Proposal 1: Study new methods that allow UE to obtain accurate CSI for frequency selective precoding without significant increasing overhead.
Observation 2: The amplify-and-forward (AF) feedback is beneficial to avoid significant increase of feedback overhead.
Observation 3: UL RS design for the AF scheme should be defined since downlink overhead for the forwarding and CSI estimation accuracy depend on the RS sequence length and orthogonality.
Observation 4: Forwarding signal design should also be defined in order to reduce downlink overhead.

Observation 5: The AF scheme allows UE to keep obtained CSI well updated and enhance beam-tracking performance.
Proposal 2:  Support the AF feedback method and define UL RS and forwarding design for it.
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