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Introduction
Until RAN1 #88 meeting, various aspects of beam management have been extensively discussed during the study phase. Correspondingly, a number of WFs are agreed to direct the upcoming NR-MIMO research in Rel.-15. Despite the great efforts so far, there are still some aspects which have not drawn enough attentions or even not fully covered. 
In this contribution, we present our views under multiple antenna panel assumption. Specifically, we first stress the difference between sub-connection and full-connection models in the aspect of beam management. Then, we establish the links between beam management and CSI as well as Tx scheme. Finally, we present our views on the remaining issues of beam management. 
Comparison between Sub-Connection and Full-Connection Model
Considering the layout of multiple antenna panels as in [1], we first introduce the sub-connection and full-connection models at gNB. Then, we compare these two models specifically in beam sweeping. Note that the model we used is one of many implementations, and surely other implementations are not excluded for discussion.
Sub-Connection Model
For sub-connection model, one may refer to Fig.1. Specifically, for TXRU virtualization, one TXRU connects one sub-panel, and TXRUs do not share sub-panels. For port virtualization, e.g. CSI-RS or M-RS port, we assume one port connecting one TXRU. Regarding to the DL/UL beam sweeping procedures, the sub-connection model is capable of sweeping  DL Tx/UL Rx beams simultaneously.
Full-Connection Model
For full-connection model, a few of connection types are available, as those illustrated in FD-MIMO TR 36.897 [2]. For example, we consider the case that multiple TXRUs share one column of sub-panels in vertical domain, also shown in Fig.1. In addition, the same port virtualization as the sub-connection model is applied. Regarding the DL/UL beam sweeping procedures, this model sweeps  DL Tx/UL Rx beams simultaneously, due to the constraint of hybrid beamforming. 



Fig.1 [bookmark: _Ref472865503][bookmark: _Ref473018982]The beam sweeping of sub-connection (left) and full-connection model (right)
With respect to the beam number generated simultaneously, we observe that the sub-connection model can generate  times beams over full-connection model in one OFDM symbol. This feature of sub-connection model shortens the DL/UL beam sweeping procedures in time-domain resource, thereby facilitating the procedures associated with heavy overhead. Here let’s take the DL P-1 procedure as an example which might work in the TRP-specific and periodic scenario. 
However, the beamforming gain of full-connection outperforms that of sub-connection model with more antenna arrays available for analog beamforming. If Tx-Rx beam pair(s) is/are fine aligned, the full-connection model provides more relaxed requirement on link budget and better coverage than sub-connection model.
Observation 1 : With respective to sub-connection and full-connection model, there is a trade-off between DL/UL beam sweeping overhead and Tx/Rx beamforming gain. 
Beam Pair Link and CSI Acquisition
With the assist of DL and/or UL beam sweeping procedures, the Beam Pair Link(s) (BPL) between gNB and UE can be established and maintained, and then the CSI acquisition is carried out based on BPL(s). As we agreed, the CSI-RS has two major roles in NR-MIMO. In particular, the 1st is for beam management and the 2nd is for CSI acquisition. Before UE measures CSI-RS ports and calculates CSI, we should not overlook the fact that the NP CSI-RS ports measured by UE should come from the same beam. More specifically, if UE measures the CSI-RS ports carried by multiple swept beams, then the PMI UE calculates and reports could be mismatched with what should be used for PDSCH carried by selected beam(s). As pointed in [3], the beam sweeping and CSI can be obtained at least in joint (1-step) or separate (2-step) method. 
Observation 2 : The CSI-RS ports measured by UE for CSI purpose should not come from the swept beams. 
The 1-step method in Fig.2 is similar to Class B CSI in LTE. Specifically, during the beam sweeping, a group of NP CSI-RS ports, here let’s say 4, are transmitted with the same beam. UE measures the CSI-RS groups, selects the proper DL Tx-Rx BPL(s), and calculates the CSI including RI/PMI/CQI on the selected BPL(s). Recalling the structure of full-connection model that multiple TXRUs sharing the same beam, and simple CSI-RS port virtualization (CSI-RS port and TXRU with 1-on-1 mapping), one may observe that the full-connection model is straightforwardly suitable for the so-called “1-step” method.


Fig.2 Joint beam sweeping and CSI process in 1 step
The 2-step method in Fig.3 is similar to hybrid CSI in LTE. Particularly, in the 1st step, during the beam sweeping procedures, a number of CSI-RS ports can be transmitted on different beams simultaneously. To use the CSI-RS resource efficiently, it is reasonable to assume that each CSI-RS port transmitted on each beam. Then UE measures each beam, selects proper DL Tx-Rx BPL(s) and then reports only selected BPL(s) information to gNB. In the 2nd step, gNB pilots multiple CSI-RS ports on the reported BPL(s) for collecting CSI. By measuring the BF CSI-RS ports on the selected BPL(s), UE calculates CSI and reports to gNB. Again, one may observe that the separated DL beam sweeping procedure and CSI acquisition can be efficiently supported by the sub-connection model.
Observation 3 : Sub-connection model supports joint (1 step) beam sweeping and CSI acquisition well, whereas full-connection model supports separate (2 step) beam sweeping and CSI acquisition well.


 
Fig.3 [bookmark: _Ref472943800]Separate beam sweeping and CSI acquisition in 2 steps
[bookmark: _Ref472604636]Beam Pair Link and Transmission Scheme
Along with the relationship between beam management and CSI acquisition discussed above, we next investigate the relationship between BPL and Tx schemes. For inspiring contribution, one may refer to [4].
In what follows, considering the sub-connection model at both gNB and UE side, we take DL transmission scheme as an example to illustrate the issue. In addition, we assume 4 antenna panels are equipped at UE side. After the DL and/or UL beam sweeping procedures, the BPL(s) between gNB and UE can be established. Regarding the BPL(s), the DL Tx scheme can be somehow determined. For instance in Fig.4, the 2-by-2 baseband MIMO channel with Rank 2 can be utilized for spatial multiplexing. However, in reality, it is not always possible to adopt spatial multiplexing. In Fig.5, one may observe that the transmission scheme is limited to only either Tx or Rx diversity, depending on the BPL(s) established between TRP and UE. 
Proposal 1: RAN1 considers the Tx schemes regarding the BPL(s) established between TRP and UE.



Fig.4 [bookmark: _Ref472605025]The beam pair links supporting spatial multiplexing



Fig.5 [bookmark: _Ref472605748]The beam pair link supporting either Tx or Rx diversity
Finally, we may summarize the beam sweeping, CSI acquisition and Tx procedure as Fig.6


Fig.6 [bookmark: _Ref473034962]Two procedures on beam sweeping, CSI acquisition and DL Tx
Remaining Issues on Beam Management
Joint DL/UL Beam Sweeping
In previous meetings, the DL (P-1/P-2/P-3) and UL (U-1/U-2/U-3) beam sweeping procedures are defined separately. Actually, regarding the beam correspondence, it is efficient for the DL and UL beam sweeping procedures to work together. Therefore, slight specification support is in need. For interests, one may refer to our company paper [5]. 
Horizontal and Vertical Beam Sweeping
Thanks to the inspiring codebook design in LTE, it is possible to apply the DFT-based vector as analog Tx/Rx codebook for beam sweeping procedures. The basic idea is to utilize the Kronecker-Product (KP) structure of codebook to decouple the Tx/Rx beam at gNB into horizontal and vertical codebook. In addition, if it is necessary, it is also feasible to decouple analog codebook at UE side for the same reason.
In Fig.7, we take an example for illustration. Particularly, in the 1st step, gNB sweeps omni-direction CSI-RS for UE to select Rx beam(s). In reality, the omni-direction beam can be replaced by a set of coarse beams with sufficient cell coverage. In the 2nd step, gNB only sweeps CSI-RS in vertical beams while UE uses the previously selected Rx beam. In the last step, gNB only sweeps horizontal beams while UE uses the same Rx beam as Step 2. 


Fig.7 [bookmark: _Ref473037863]Beam Training Procedure in Horizontal and Vertical Domain
Observation 4 : Tx/Rx beam sweeping at gNB can be separately carried out in horizontal and vertical domain to reduce overhead and UE complexity. 
Proposal 2: RAN1 supports the necessary mechanism of beam management by decoupling 3D beam into both horizontal and vertical beams.
Beam Configuration
To facilitate the DL/UL beam sweeping, the RS resource associated with CSI-RS or M-RS has to be configured from gNB to UE(s) via RRC or MAC signaling. For example, during the initial access procedure, UE stays in the RRC_IDLE mode, so UE is not able to be aware of Tx beam configuration via higher layer signaling. But beam sweeping is a necessary for UE to get access to network. For the design of initial access procedure for NR-MIMO, we have the following proposal. 
Proposal 3: RAN1 designs the initial access procedure considering the delivery of beam configuration to UE via physical layer signaling/indication either explicitly or implicitly. 
Beam Correspondence (BC)
Regarding the Beam Correspondence Indication (BCI), one may observe that once UE verifies the BC and reports it to gNB, and then the UL beam sweeping procedure is not necessary, thereby reducing half of beam sweeping resource. To the end of determining BC at either gNB or UE side, both DL and UL beam sweeping procedures are in need for at least one end to verify BC status. 
However, we notice that the BCI is appropriated when the period between verifying BC status is considerably longer than the beam sweeping procedure, such as P-1 or U-1. Otherwise the process to verify BC consumes considerable resource when compared with beam sweeping resource saved by BCI.
Observation 5 : the BCI is only necessary in physical layer signaling when the period of BC holds is considerably longer than the beam sweeping procedure.
Conclusions
Finally, allow us to summary our observations and proposals as below
Observation 1 : With respective to sub-connection and full-connection model, there is a trade-off between DL/UL beam sweeping overhead and Tx/Rx beamforming gain. 
Observation 2 : The CSI-RS ports measured by UE for CSI purpose should not come from the swept beams. 
Observation 3 : Sub-connection model supports joint (1 step) beam sweeping and CSI acquisition well, whereas full-connection model supports separate (2 step) beam sweeping and CSI acquisition well.
Observation 4 : Tx/Rx beam sweeping at gNB can be separately carried out in horizontal and vertical domain to reduce overhead and UE complexity.
Observation 5 : the BCI is only necessary in physical layer signaling when the period of BC holds is considerably longer than the beam sweeping procedure.
Proposal 1: RAN1 considers the Tx schemes regarding the BPL(s) established between TRP and UE.
Proposal 2: RAN1 supports the necessary mechanism of beam management by decoupling 3D beam into both horizontal and vertical beams.
Proposal 3: RAN1 designs the initial access procedure considering the delivery of beam configuration to UE via physical layer signaling/indication either explicitly or implicitly.
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