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1. Introduction
The SI proposal “New SID Proposal: Study on New Radio Access Technology” was approved in RAN plenary #71 [1] and further updated in #73 [2].
In RAN1 meeting #86, following agreements were achieved.
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degree of reciprocity
· Other features to be supported
· The implicit CSI feedback methods should be studied in NR
· Codebook design
· Interference measurement based on interference measurement resource which could be one or more of the following options
· ZP CSI-RS (if supported)
· NZP CSI-RS (if supported)
· DMRS (if supported)
· Other resources are not precluded
· CSI feedback based on DMRS (if supported)
· The explicit CSI feedback methods should be studied in NR
· Feedback of channel covariance matrix
· Feedback of channel matrix 
· Feedback of channel eigenvector
· Both quantized and unquantized/analog feedback
· Other methods are not precluded
· CSI measurement and reporting with the following components should be studied in NR
· Wideband/long-term CSI
· Subband/short-term CSI
· Explicit CSI
· Implicit CSI
· Configuration of the above components individually or jointly is FFS
In this document, from an overhead and latency perspective, the CSI acquisition related issues are discussed in detail.
2. Discussion
In light of the knowledge of information theory, precise CSI plays an extremely important role in multi-antenna systems, especially for massive MIMO systems operating over high frequency bands, since CSI is indispensable in closed loop beamforming, which can yield considerable beamforming gain to conquer the severe path loss in the propagation. Considering the expensive cost and intolerable power consumption of configuring a TXRU for every individual antenna element, hybrid beamforming, which sacrifices some flexibility in beam steering, is envisaged as a promising solution for massive MIMO, especially for the ones operating at carriers above 6 GHz.
Observation #1: Precise CSI plays an important role in massive MIMO systems.
As shown in Figure 1, hybrid beamforming is achieved by the close cooperation between digital beamforming in the digital baseband and analog beamforming in the RF frontend. The spatial CSI can be further divided into two parts, which correspond to digital and analog beamforming respectively.
[image: ]
Figure 1. A transmitter for hybrid beamforming systems (sub-array)
With respect to CSI reporting, it was agreed by RAN1 to consider following candidate schemes, i.e. explicit feedback, implicit feedback, reciprocity-based feedback and mixed feedback. Feedback schemes can be applied for digital beamforming, but are not so easily applicable to analog beamforming since the antenna elements driven by one TXRU cannot be flexibly and independently weighted and loaded with reference signals (RS’s). Furthermore, if the number of TXRU’s is large, explicit feedback for all the coefficients of a channel matrix will lead to heavy feedback overhead in the uplink. Even if partial coefficients are fed back, it is difficult for a transmission reception point (TRP) to obtain the full channel matrix by interpolation-like operations since the inter-TXRU spacing is determined according to the size and dimension of a sub-array, which is much larger than the wavelength. Consequently, implicit feedback may be more feasible, and should be prioritized at least.
Observation #2: Compared to explicit feedback, implicit feedback may be more feasible, and should be prioritized at least.
Regarding implicit feedback for spatial information, there are a couple of existing policies for spatial information feedback, class A and class B. For class A, non-precoded RS is transmitted by a TRP. According to the configuration signaled, a UE can perform channel estimation based on the received RS. As a sequel, a full channel matrix can be obtained at a UE, with each column corresponding to an antenna port of the RS. The CSI-RS overhead can be listed in Table 1. Then, a UE will select a codeword from a preconfigured codebook, which matches the estimated channel matrix best. The index of the selected codeword in the codebook, a.k.a. PMI, will be reported to the TRP. Clearly, the channel estimation in class A is performed per antenna port. One antenna port can be mapped to one or more TXRU’s, but cannot be mapped to one antenna element in a large array. For the same reason, the class A feedback strategy cannot be applied to analog beam training, but digital beam training only. Moreover, in the presence of a large number of TXRU’s, the complexity of channel estimation cannot be disregarded, especially when matrix decomposition is involved due to the reduced robustness in decomposing a large matrix. Hence, the class A scheme is only applicable to digital beam training with a small number of TXRU. Targeting for a unified beam training framework for both analog and digital beamforming, class B, intensity measurement on beamformed RS resources and CRI feedback, is a pretty good choice for beam training in hybrid beamforming systems.
Table 1. CSI-RS overhead
	Number of antenna ports per CSI-RS configuration
	Overhead percentage in one subframe (1ms) containing CSI-RS

	1 or 2
	1.19 %

	4
	2.38 %

	8
	4.76 %



Observation #3: Class A schemes are only applicable to digital beam training with a small number of TXRU.
Proposal #1: CRI-based implicit feedback, e.g. class B, should be prioritized for beam training in hybrid beamforming systems.
For class B based beam training, the RS overhead is proportional to the number of candidate beams, i.e. how many beams are required to traverse a given angular scope. Taking single port CSI-RS for instance, the overhead is shown in Table 2, for the digital beamforming case where the CSI-RS for all the beams are transmitted in one subframe/TTI. For analog beamforming, due to its reduced flexibility, e.g. wideband beamforming, the candidate beams have to be transmitted in different TTI’s rather than different RS resources in one TTI. In this case, the latency is rather considerable. Consequently, given an angular range, we should traverse it with a minimized number of beams. Only in this way can the RS overhead and latency be minimized accordingly.
Table 2. RS overhead (single port CSI-RS)
	The number of candidate beams used for beam training
	Overhead percentage in one subframe (1ms) containing CSI-RS for all the beams

	8
	9.52 %

	16
	19.05 %

	32
	38.10 %



Proposal #2: In beam training, the number of beams used to traverse a given angular range, should be minimized.


For an antenna array, in fact, its resolution in the angular domain is determined by the aperture size of the array. In the angular domain, the resolution of an array can be used as the maximum step length in traversing a given angular scope. Given a spatial area with the azimuth in the range , , as illustrated in Figure 2, for the sake of reduced RS overhead and latency, the resolution in angular domain of the array can be adopted as the step length in beam training. A codebook dedicated for beam training can be expressed by

	




where  is the unit spatial signature vector, is the initial directional cosine,  is the number of antenna in the array,  is the inter-antenna spacing in wavelength.
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Figure 2. Beam training for a given spatial area




It should be noticed that the codebook can be applied for both analog and digital beam training. For analog beam training,  is the number of antenna elements in a sub-array driven by one TXRU, and  is the inter-antenna element spacing; while for digital beamforming,  is the number of TXRU corresponding to one antenna port or layer, and  is the inter-subarray spacing.





Taking a TRP equipped with a ULA for instance, its boresight is in the azimuthal mid of a 120-degree sector, i.e. , . The ULA is comprised of  vertically polarized antennas, and the spacing between each two adjacent ones is a half wavelength, i.e. . Then, the beam training can be finished by 7 beams, with the corresponding weight vectors as follows ()

	
In this case, a possible procedure for successive beam training, e.g. analog beam training, can be shown in Figure 3. Clearly, the beam training period as well as frame structure are dependent on the number of candidate beams for beam training. In this sense, it is necessary to specify the beamforming vectors for beam training.


Figure 3. An example procedure for analog beam training
Proposal #3: Consider the proposed codebook for beam training.
3. Conclusions
In this document, beam training related issues were discussed in detail. Based on the discussion, we have the following observations and proposals.
Observation #1: Precise CSI plays an important role in massive MIMO systems.
Observation #2: Compared to explicit feedback, implicit feedback may be more feasible, and should be prioritized at least.
Observation #3: Class A schemes are only applicable to digital beam training with a small number of TXRU.
Proposal #1: CRI-based implicit feedback, e.g. class B, should be prioritized for beam training in hybrid beamforming systems.
Proposal #2: In beam training, the number of beams used to traverse a given angular range, should be minimized.
Proposal #3: Consider the proposed codebook for beam training.
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