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Introduction
The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. The following agreement was achieved in RAN1#86bis[2]:
Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals

In this contribution, we present our views on the beam management RS for multi-beam based NR system. For < 6GHz single-beam system, please refer to [3].
Multi-beam based system 
NR system in high frequency band (e.g., > 6GHz) is expected to be multi-beam based system. Due to the large path loss and large penetration loss in high frequency band, the NR system will utilize multiple narrow beams to cover one cell. The beam could be analog beam formulated through phase shifter in RF chain or composite beam comprised through analog beamforming and digital beamforming. 
In multi-beam based system, the TRP use each of those beam to cover one part of the cell. For downlink transmission to a UE, the TRP should choose one proper Tx beam for this UE so that the downlink signal can reach the UE with strong power. For uplink transmission, the TRP also should choose one proper Rx beam for this UE. The UE could also utilize multi-beam technique to improve the link quality. Similarly, the UE should choose proper Rx beam to receive the downlink transmission and proper Tx beam to send the uplink transmission.
RS for Mobility in multi-beam based system
[bookmark: _GoBack]It is preferred that a common RS is used for IDLE UE’s and RRC_connected UE’s mobility in multi-beam based NR system. In high frequency band (e.g., > 6GHz) system, hybrid beamforming with multiple RF beams is used to enhance the coverage. This RS is referred to as BRS temporarily in this contribution for simplicity.  
The BRS is configured cell-specifically and also mapped to time-frequency resource cell-specifically. The time-frequency locations, RS sequence and number of antenna ports for BRS should be determined purely relying on the physical cell ID and slot/subframe timing. The BRS is transmitted periodically, say every 5ms or 10ms. 
The BRS is used by both IDLE UEs and RRC_Connected UE for RRM measurement for mobility. The BRS can convey the identities of serving beams in one cell. The IDLE UEs can measure the cell-specific RRM based on beam-specific RSRP measurement for cell selection. The RRC_connected UEs can also measure the cell-specific RRM based on the beam-specific RSRP measurement for the cell handover.
Among those choices being considered for mobility RS for > 6GHz system, our preference is to separately design the mobility RS, rather than using the NR-SS and/or, NR-PBCH demodulation RS. This is primarily due to the potentially large number of beams utilized for >6GHz system. Since the number of beams employed by NR-SS/NR-PBCH is most likely significantly smaller than that used for beam management, the mismatch in beam width can cause dropped connection. By using a separately design mobility RS, this difference in beam width is alleviated. This issue, however, doesn’t apply to <6GHz system.
Finally, NR-CSI-RS configurations are UE-specific just as in LTE, they are available only after RRC connection. The use of UE-specific RS as a mobility RS can be cumbersome as it requires heavy inter-cell signalling on X2 and RRC configurations. Therefore, if NR-CSI-RS is to be used as a mobility RS, a non-UE-specific NR-CSI-RS configuration is needed (which is anyway functionally equivalent to a separately designed mobility RS). 
Proposal 1: Separately designed mobility RS are used in multi-beam > 6GHz NR system.
The BRS for beam management
The cell-specific BRS can be used by UE for the measurement for beam management procedure P-1. The UE can measure the beam quality of the beam IDs conveyed in BRS and report the beam quality information (for example, the beam RSRP of the best beam or best N beams) to the gNB to enable the beam selection.
If CSI-RS is UE-specific just as in LTE, cell-specific periodic BRS allows UE to start the beam management procedure P-1 as early as possible before UE enters the RRC connected status. If NR-CSI-RS is used for initial beam alignment through beam management procedure P-1, there is no fine beam alignment before the UE enters the RRC_connected status. For >6GHz where the number of beams can be very large, this can pose some issue as previously explained. So all the system information and RRC configuration message can only be transmitted through Tx beam sweeping or through the wide beam which can be coarse aligned during the initial access and random access procedure.
Likewise, compared with NR-SS, BRS is able to support multiple-port beam mapping with narrow beams in each OFDM symbol which is relevant for > 6GHz system. However, NR-SS can only support single beam with wide beam in each OFDM symbol. Compared NR-SS, the BRS has the following advantages for >6GHz system.
The BRS can convey narrow beams. So higher Rx power is expected and it is more suitable for above 6GHz system where coverage is a major issue. The BRS can deliver more accurate RSRP measurement. In contrast, the NR-SS delivers smaller receive power due to wide beams. So the RSRP measurement on beams is less accurate. Using NR-SS for mobility for IDLE UEs would result in different RS used for IDLE UE and RRC_connected UEs and it would result in ping-pong problem on cell selection. 
The BRS can be mapped to wide bandwidth. In contrast, the NR-SS can only be mapped to narrow bandwidth. So the beam-specific RSRP measured from NR-SS is only for narrow bandwidth and thus less accuracy for the beam quality. The beam management based on NR-SS can only achieve beam alignment over small number of wide beams. To achieve fine beam alignments over large number of narrow Tx beams, the gNB would need a 2-step hierarchal mechanism to achieve the initial beam alignment. In contrast, using BRS can achieve the initial beam alignment on narrow beams in 1 step.
Observation 1: Cell-specific BRS has advantages over NR-SS for beam management, in multi-beam > 6GHz system:
· NR-SS can only support wide beam, while BRS can convey narrow beams;
· Beam-specific RSRP measurement from NR-SS is less accurate for beam quality;
· Using NR-SS would need 2-step mechanism to achieve fine beam alignment while BRS does not need.
Observation 2: Cell-specific BRS has advantages over UE-specific CSI-RS for beam management procedure P-1 in multi-beam > 6GHz NR system:
· Fine beam alignment at early stage (during initial access and RACH) can be achieved if using BRS
· CSI-RS is UE-specific and fine beam alignment can only be achieved after entering RRC_connected state.
Proposal 2: Cell-specific BRS is used for initial beam alignment for above 6 GHz system.
The CSI-RS for beam management
After beam selection over potential large number beams through beam management procedure P-1. The CSI-RS can be used for beam refinement of each UE, which can include fine-precision Tx beam selection and fast Rx beam selection. Two types of CSI-RS can be configured to the UE. One type of CSI-RS is used by the UE for the beam state information measurement and reporting for the beam management. Another type of CSI-RS is used by the UE to measure the CSI over one or small number of beams. Separating the CSI-RS for beam state information and CSI report is good way for efficient utilization of time and frequency resource for CSI-RS. 
Proposal 3: CSI-RS is used for beam refinement, for example, Tx beam selection and Rx beam selection.
CSI-RS can be used for both beam state information measurement and channel state information measurement in NR system. One configuration method is separate configuration. The UE can be configured with  CSI-RS resources for beam management (called B-CSI-RS here) and  CSI-RS resources for CSI measurement (called A-CSI-RS here). The B-CSI-RS resource mainly supports Tx and Rx beam sweeping so that the UE is able to refine the beam selection. The A-CSI-RS resource mainly supports the CSI estimation. The separate configuration is generally more suitable to high frequency band system where hybrid beamforming is utilized and large number of RF beam would be expected. The separate configuration without mixing the beam sweeping and CSI estimation saves the RS overhead. The UE can be configured with  CSI-IM for interference measurement. The UE can measure and report the beam state information based on the CSI-RS resources configured for beam management, and the UE can measure and report the CSI based on the CSI-RS resources configured for CSI measurement. 
Another configuration method is joint configuration. The same CSI-RS resources are used by UE to measure beam state information and CSI (for example including CQI/PMI/RI). 
Proposal 4: NR supports the following two configurations of CSI-RS for beam management:
· Separate configuration: B-CSI-RS for beam management and A-CSI-RS for CSI
· Joint configuration: CSI-RS for beam management and CSI
Each B-CSI-RS resource can be configured with the following parameters:
· Number of beam resources or time units. On top of the time units, the gNB can sweep the Tx beams.
· Number of CSI-RS ports in each beam resource. The CSI-RS ports are used to convey Tx beams. For example each port can correspond to one beam or a pair of ports can correspond to one beam.
· Number of repetitions in each beam resource or time unit. This is by the UE for Rx beam sweeping. The repetition can be achieved by using larger subcarrier spacing or using multiple OFDM symbols within each time unit.
· The lowest OFDM symbol index where to begin the mapping of CSI-RS and the lowest subcarrier index where to begin the mapping of CSI-RS in frequency domain.
· The periodicity information and the slot/subframe offset information
An example of B-CSI-RS configuration is shown in Figure 1.
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Figure 1
The CSI-RS port can be mapped to the RE through a few different alternatives. One alternative is that the CSI-RS ports are multiplexed through FDM. In this case, the subcarrier spacing for CSI-RS is X times of the reference subcarrier spacing so that there are X repetitions within one time unit and one time unit is equal to one reference OFDM symbol. Another alternative could be that the CSI-RS ports are multiplexed by both FDM and CDM. One example design is that CSI-RS ports are FDM’ed in frequency domain and CDM’ed across two OFDM symbols through length-2 orthogonal code. Another example is the CSI-RS ports are FDM’ed in and CDM’ed across two REs in frequency domain.
Proposal 5: consider to configure the CSI-RS for beam management including the follows aspects:
· Number of beam resources or time units;
· Number of CSI-RS ports in each beam resource;
· Number of repetitions in each beam resource or time unit;
· The lowest OFDM symbol index and the lowest subcarrier index for mapping CSI-RS
· The periodicity information and the slot/subframe offset information
Conclusions
This contribution discusses the RS used for beam management. In particular, the following are observed and proposed:
Observation 1: Cell-specific BRS has advantages over NR-SS for beam management, in multi-beam > 6GHz system:
· NR-SS can only support wide beam, while BRS can convey narrow beams;
· Beam-specific RSRP measurement from NR-SS is less accurate for beam quality;
· Using NR-SS would need 2-step mechanism to achieve fine beam alignment while BRS does not need.
Observation 2: Cell-specific BRS has advantages over UE-specific CSI-RS for beam management procedure P-1 in multi-beam > 6GHz NR system:
· Fine beam alignment at early stage (during initial access and RACH) can be achieved if using BRS
· fine beam alignment can only be achieved after entering RRC_connected state if using UE-specific CSI-RS
Proposal 1: Separately designed mobility RS are used in multi-beam > 6GHz NR system.
Proposal 2: Cell-specific BRS is used for initial beam alignment for above 6 GHz system.
Proposal 3: CSI-RS is used for beam refinement, for example, Tx beam selection and Rx beam selection.
Proposal 4: NR supports the following two configurations of CSI-RS for beam management:
· Separate configuration: B-CSI-RS for beam management and A-CSI-RS for CSI
· Joint configuration: CSI-RS for beam management and CSI
Proposal 5: consider to configure the CSI-RS for beam management including the follows aspects:
· Number of beam resources or time units;
· Number of CSI-RS ports in each beam resource;
· Number of repetitions in each beam resource or time unit;
· The lowest OFDM symbol index and the lowest subcarrier index for mapping CSI-RS
· The periodicity information and the slot/subframe offset information
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