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1. Introduction
In the RAN 1 #85 meeting some agreements on beam management has been achieved as follows [1] [2].
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
In this contribution we provide our views on the uplink beam management in multi-beam operation. In our companion contribution [3] and [4], we have discussed downlink beam management with and without prior beam information. For uplink, the beam change may also happen in both TRP side and UE side during data communication,  as the UE may rotate, move or experience channel blockage. Then it would be necessary to manage the uplink TRP and UE beam based on some uplink reference signal, e.g. uplink Sounding Reference Signal (SRS). Meanwhile to switch to the new TRP or UE beam, the UE may need to adjust its transmit power as the channel state in the new beam may be different.
2. Need for uplink beam management
In [3] and [4], we have shared our views with regard to beam management with and without prior beam information. The study focus is for downlink beam management. For UE with channel reciprocity, the easiest way to manage UE uplink transmission beam is to simply apply UE side reception beam as transmission beam. Similarly for TRP with channel reciprocity, the easiest way to manage TRP reception beam is to rely on UE feedback on the recommended TRP transmission beam. TRP can simply apply the UE recommended TRP transmission beam as UE specific reception beam for uplink data communication. However, it is hard to guarantee ideal channel reciprocity, especially when larger and larger antenna arrays are employed for beamforming. Also the UE may be communicating with different downlink TP and uplink RP for better traffic offloading or for to avoid being blocked in both downlink and uplink simultaneously. Also TRP may further refine the reception beams from the recommended TRP transmission beam. In order to accommodate these use cases, uplink beam management procedures are needed to be defined for NR air interface.
Observation 1: RAN1 needs to study uplink beam management procedure to manage UE transmission and TRP reception beams.
3. Beam Management Scenario
For the multi-beam operation, both the TRP and UE may maintain multiple beams. A best UE-TRP beam pair can be helpful to increase the link budget. The TRP may find out one good or best TRP beam to receive the uplink signal based on a corresponding UE beam. However as a result of UE movement, rotation and blockage, the beam quality may change. There could be the following cases with regard to the beam change.
· Case 1: TRP beam changed, UE beam unchanged
· Case 2: TRP beam unchanged, UE beam changed
· Case 3: TRP beam changed, UE beam changed
For case 1, as the UE beam does not change, it may not be necessary to sweep the UE beam but the TRP beam sweeping may be needed in order to find out the new TRP beam. For case 2, the UE could sweep its beam to find out the new UE beam which the TRP could keep current TRP beam to receive those swept UE beams. For case 3, the beam sweeping should be done in both TRP and UE side. Hence it would be necessary to keep the beam in one side when sweeping beams in the other side. For example, the UE could use omni-directional beam to transmit the signal and the TRP could sweep its beam and find out the best TRP beam. Then the UE could sweep the UE beams to transmit the signal and the TRP could use the new TRP beam to receive it. Then both the new UE beam and TRP beam can be obtained. 
Observation 2: there can be different TRP and UE beam change scenarios as a result of UE rotation, movement, channel blockage and other reasons, which shall be considered for uplink beam management.
4. SRS Structure for beam management
To enable the beam sweeping for either TRP side or UE side, one way is to transmit multiple symbols with repeated signals structure. Then if the beam is fixed in one side, the best beam from the other side can be obtained by sweeping the beams for each repetitions. However if one repetition can be transmitted in one symbol, the overhead for SRS can be too large. For example, if there are 16 beams to be swept, 16 symbols would be used. Hence it would be better that multiple repetitions can be mapped in a TDM manner within one symbol, so that the overhead can be saved. There can be two ways to transmit such kind of SRS: one is to utilize a larger subcarrier spacing, by which the duration of one SRS symbol can be shorter than other symbols; the other is to use the IFDMA based signal that could create a repeated signal structure in time domain.
3.1 Larger subcarrier spacing based SRS
For the SRS with larger subcarrier spacing approach, the subcarrier spacing can be , where  indicates the subcarrier spacing for other data and control signal. Then in one symbol, there can be N SRS symbols. Thus N times beam sweeping can be done within one symbol.  If the TRP could have P antenna panels, which can be considered to be Quasi-Co-Located (QCL), maximum NP TRP beams can be swept if the beam sweeping is done at TRP side.
As illustrated in Figure 1, the subcarrier spacing for SRS is . Then there are 4 SRS symbols within one OFDM symbol. The time domain signal for the SRS could consist of 4 repetitions and each repetition contains CP and SRS data. Hence, 4 times beam sweeping can be done within this symbol. If the TRP could have 4 QCLed antenna panels, maximum 16 TRP beams can be swept in one symbol. The best beam may be the one with highest receiving power. 

Figure 1: Larger subcarrier spacing based SRS
Observation 3: larger subcarrier spacing based SRS can help to create multiple repetitions in time domain within one symbol and each repetition could have a CP+data structure.
3.2 IFDMA based SRS
For the IFDMA based SRS, the SRS signals can be mapped to every N subcarriers in one symbol. Then for the time domain signal, there can be N repetitions observed if the same TX beam is applied. Similarly there can be N times beam sweeping within one symbol. For TRP with P QCLed antenna panels, it could also sweep NP beams in one symbol. 
Figure 2 illustrates the resource mapping structure for IFDMA based SRS, where the SRS symbol can be mapped to every 4th subcarrier which starts from the first subcarrier. Then if the same UE beam is applied to this symbol. after transformed to time domain, there can be 4 repetitions after CP. The TRP then could try 4 beams within this symbol and one beam is applied to one replica. 


Figure 2: IFDMA based SRS
Observation 4: IFDMA based SRS can help to create multiple repetitions as well as a common CP in time domain within one symbol.
Either IFDMA based approach or larger subcarrier spacing based approach can help to create repeated signal within one symbol. To support the beam management cases discussed in section 2 with limited SRS overhead, it can be used to enable the beam sweeping. Meanwhile to enable the beam sweeping in one side, the beam in the other side can be fixed. Thus the SRS for beam management should be configurable. Further to enable some advanced beam sweeping scheme, such as hierarchical beam searching discussed in [3], some feedback and guard period between two SRS symbols may need to be further studied. 
Proposal 1: RAN1 to study the SRS structure which can be used for beam sweeping with limited overhead, such as larger subcarrier spacing based approach and IFDMA based approach.
Proposal 2: RAN1 to study the configurable SRS with possible TRP feedback to further reduce the beam sweeping overhead in different beam management scenarios. 
5. Power Control Impact
As a result of UE movement, rotation or blockage, the beam switching may happen. Meanwhile, to release some scheduling restriction, it may be possible for the TRP to use another beam to receive the uplink signal so that more UEs may be scheduled in one subframe. As a result of beam switching, the TRP beam or UE beam or both may change. Then the coupling loss between TRP and UE may also change as a result of beam energy change. 
Figure 3 illustrates one simulation results on the C.D.F. beam energy difference between the best beam and other beams, where  and  denotes the beam energy in the jth highest energy beam. It assumes that the TRP could have 48 beams, and the beam grid is illustrates in Figure A-1 in appendix. All the UEs are assumed to have one LOS path and only the array gain has been taken into account. It can be observed that the beam energy could change if a new beam is used to receive the uplink signal. To use the second best beam to receive the uplink signal, up to 15 dB beam energy change can be observed from the C.D.F. curve of . Therefore, considering potential beam energy fluctuation due to a change in TRP or UE beams, it may be necessary for the UE to maintain multiple pathloss values corresponding to the respective beams.
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Figure 3: C.D.F. of beam energy difference
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Figure 4: C.D.F. of beam specific IoT

Further as the direction of each TRP beams are different, the interference observed in each TRP beams may be different. Figure 4 illustrated one semi-static system level simulation results for indoor scenario. It is assumed that each UEs are scheduled based on round robin scheme and can be granted 4 RBs. The results are collected from multiple snapshots and those unused beams in each snapshot are precluded. It can be observed that the IoT for different beams may be different and the beam specific IoT span can be around 25 dB. Hence if the target SINR is taken into account to decide the power control factor P0, as the IoT may be different in each beam, the beam specific P0 may be necessary. Multiple pathloss can be maintained by the UE in order to compensate different beam energy from different beams, and different P0 values can also be configured to the respective beams in order to reflect different IoT levels in the beams as well.
Observation 5: there could be some beam energy change if a new beam is utilized to receive the uplink signal and there could be some IoT difference from different TRP beams.
Proposal 3: as different gain and interference can be observed from different beams, RAN1 should study the beam specific power control for multi-beam operation.

6. Conclusions
In this contribution we have provided our views on uplink beam management for multi-beam operation. From the discussion, we have achieved the following observations and proposals.
Observation 1: RAN1 needs to study uplink beam management procedure to manage UE transmission and TRP reception beams.
Observation 2: there can be different TRP and UE beam change scenarios as a result of UE rotation, movement, channel blockage and other reasons, which shall be considered for uplink beam management.
Observation 3: larger subcarrier spacing based SRS can help to create multiple repetitions in time domain within one symbol and each repetition could have a CP+data structure.
Observation 4: IFDMA based SRS can help to create multiple repetitions as well as a common CP in time domain within one symbol.
Observation 5: there could be some beam energy change if a new beam is utilized to receive the uplink signal and there could be some IoT difference from different TRP beams.
Proposal 1: RAN1 to study the SRS structure which can be used for beam sweeping with limited overhead, such as larger subcarrier spacing based approach and IFDMA based approach.
Proposal 2: RAN1 to study the configurable SRS with possible feedback so as to make its structure be aligned with the beam management scenarios and control its overhead. 
Proposal 3: as different gain and interference can be observed from different beams, RAN1 should study the beam specific power control for multi-beam operation.
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Appendix – Simulation Assumptions
Table A-1: Simulation Assumption
	Parameter
	Assumption

	Scenario
	Indoor

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Subcarrier spacing
	60kHz

	Number of TRPs
	12

	UE distribution
	10 user per TRP 

	TRP noise figure
	7dB

	TRP beam grid
	48 beams and the pattern is as Figure A-1

	TRP antenna structure
	(4, 8, 2, 2)

	UE antenna structure
	(2, 4, 2, 2)

	Inter-TRP distance
	20m

	Scheduling algorithm
	Round robin

	P0
	-88dBm, -98dBm

	alpha
	0.8
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Figure A-1: beam grid pattern
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