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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]:
Agreements:
· UL beam management is to be further studied in NR
· Similar procedures can be defined as DL beam management with details FFS, e.g.:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· Note: this is not necessarily useful in all cases
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· FFS Indication of information related to Tx/Rx beam correspondence is supported
· Study UL beam management based on:
· PRACH
· SRS
· DM-RS
· Other channels and reference signals are not precluded
· Study uplink beam management procedure by considering the Tx/Rx beam correspondence
· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence

Working assumption:
· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· [bookmark: _GoBack]UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed

In this contribution, we present our views on the RS used for uplink beam management for multi-beam based NR system.
Uplink beam management
Beam correspondence status at the TRP and UE has critical impact on the UL beam management. The NR system can have different cases of beam correspondence in one cell:
1) Both TRP and UEs have beam correspondence
2) TRP has no beam correspondence and all the UE has beam correspondence.
3) TRP has beam correspondence but some UE does not have correspondence.
4) TRP has no beam correspondence and some or all the UE does not have correspondence.
If both TRP and the UE has beam correspondence, there is generally no need to start the UL beam management procedure because the both TRP and UE can calculate the proper the beams for uplink link based on the downlink beam alignment results. If the TRP does not have beam correspondence, the gNB need to utilize the UL beam management procedure for all UEs for uplink beam alignment. If the TRP has beam correspondence but some of the UEs have no beam correspondence, the gNB only needs to start the UL beam management procedure for those UE without beam correspondence. However, for those UE with beam correspondence, UL beam management procedure is not necessary generally.
Observation #1: The beam correspondence status at the TRP and the UE has critical impact on the UL beam management procedure operation.
Proposal #1: NR supports UE reporting the information of Tx/Rx beam correspondence to the TRP. 
Generally, different UEs have different beamforming capability and different number RF beams available for uplink transmission. The UL beam management procedure configuration should take into account the UE’s uplink beamforming capability, for example, the number RF beams the UE needs to train. For example, the RS for UL beam management should allow the UE to sweep the Tx beams. The gNB should be aware of the number Tx beams of each UE to properly configure the RS.
Proposal #2: NR supports UE reporting the information of uplink beamforming capability for uplink beam management.
RS for uplink beam management
The RS used for uplink beam management should be configured and transmitted UE-specifically. In the configuration, the RS should at least have the capability for the UE to sweep uplink Tx beams and the capability for the TRP to sweep the uplink Rx beams.
Considering the similarities between DL and UL beam management, RAN1 should strive for a common design framework between the RS for UL beam management and UE-specific B-CSI-RS for DL beam management. 
An example of RS configuration for uplink beam management is shown in Figure 1. In this example, one RS resource contains Y ≥ 1 beam resources or time units in time. Each time unit contains Np RS antenna ports and those Np RS antenna ports in frequency domain and X ≥ 1 samples in time domain. Each RS resource element comprising of one RS antenna port and one sample correspond to one Tx beam. The UE is configured to repeat the same beams over Y time units. Within each time unit, the UE is able to sweep the UL Tx beams and over Y time units or beam resources, the TRP is able to sweep the UL Rx beams. The RS resource of different UE can be multiplexed in frequency domain and mapped to different antenna ports. The gNB can determine the value of Y based on the number of Rx beams which the gNB tends to train and the gNB can configure the value of X and Np based on the number of Tx beams of UEs and the uplink beamforming capability.


Figure 1
Another example of RS configuration for uplink beam management is shown in Figure 2. In this example, one RS resource contains Y ≥ 1 beam resources or time units in time. Each time unit contains Np RS antenna ports and those Np RS antenna ports in frequency domain and X ≥ 1 repetitions in time domain. One RS antenna port in one time unit one Tx beam and it is repeated X times within one time unit. The UE is configured to repeat the same beams X within each time unit and sweep the Tx beams over time units. Within each time unit, the TRP is able to sweep the UL Rx beams and over Y time units or beam resources, the UE is able to sweep the UL Tx beams. 


Figure 2
The configuration of RS for UL beam management can be UE-specific. The TRP can configured multiple RS resources to one UE for different UL beam management procedure. Take the RS configuration design as example. A RS resource with Y = 1 and X > 1 can be configured for one UE to refine the UE’s Tx beams with respect to one TRP Rx beams. Another RS resource with Y > 1 and X = 1 can be configured for one UE to refine the TRP Rx beams with respect to one UE Tx beam. Another RS resource with Y > 1 and X > 1 can be configured for one UE to select the TRP Rx beam and UE Tx beam.
Proposal #3: The RS for uplink beam management in NR should support configurable patterns to support for example different UE Tx beam sweeping and TRP Rx beam sweeping capability.

Discussion on some RSs.
The PRACH channel can be used for initial beam alignment for UL beam management. In the design of PRACH for NR, multiple PRACH chunks can be included in one PRACH resource and each PRACH chunk correspond to one TRP Rx beam. Based on the detection of preamble and PRCH chunk index, the TRP can obtain an alignment on the UL Rx beam. The design of PRACH can also allow the UE to sweep the UL Tx beam so that the TRP can measure and select the UE Tx beams. PRACH generally cannot provide much room for beam sweeping due to the overhead. Another concern is that the TRP does not know the information of UE UL beamforming capability. So the PRACH can only provide a coarse beam alignment on wide beams.    
Proposal #4: PRACH can be used for initial coarse beam alignment for UL beam management.
Uplink DMRS can also be considered for UL beam management. One option can be DMRS has time repetitions to allow TRP refine Rx beams. An example is shown in Figure 3. The TRP can sweep a few Rx beams during DMRS transmission and then choose the proper Rx beam for the following PUSCH or the PUSCH in the future subframes. Another option can be that the UE sweep the Tx beams during DMRS to allow the TRP to refine the UE Tx beams. The Tx beam selected here can only be applied to the PUSCH transmission in some future subframes. However, the UL DMRS is generally only subband transmission and beams-specific measurement may not be accurate sufficiently for beam refinement. Another concern is that the DMRS for data demodulation and the RS for beam management have different frequency density and bandwidth requirement. DMRS for data demodulation generally requires high frequency density. In contrast, the RS for beam management generally needs wideband but requires less frequency density. So mix DMRS and RS for beam management is not efficient way. 


Figure 3

Uplink SRS is good choice for UL beam management. In LTE, uplink SRS is only supported for TDD operation. In NR, to support UL beam management, uplink SRS should be supported in both FDD and TDD operation. The SRS can be designed based on the principle discussed in previous section. The SRS can be used for both UL beam management and UL CSI measurement. 
Proposal #5: Uplink SRS is used for UL beam management in NR system.
Conclusions
This contribution discusses the RS for UL beam management. In particular, the following are proposed:
Observation #1: The beam correspondence status at the TRP and the UE has critical impact on the UL beam management procedure operation.
Proposal #1: NR supports UE reporting the information of Tx/Rx beam correspondence to the TRP. 
Proposal #2: NR supports UE reporting the information of uplink beamforming capability for uplink beam management.
Proposal #3: The RS for uplink beam management in NR should support configurable patterns to support for example different UE Tx beam sweeping and TRP Rx beam sweeping capability.
Proposal #4: PRACH can be used for initial coarse beam alignment for UL beam management.
Proposal #5: Uplink SRS is used for UL beam management.
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