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1 Introduction
Regarding UL beam management, the following agreements have be reached: [1]

 REF _Ref485211842 \n \h 
[2][3][4][5]
	Agreements:
· A UE can be configured with K >= 1 SRS resources where
· A given X-port SRS resource spans N = 1, 2, or 4 adjacent symbols within a slot and all X ports are mapped to each symbol of the resource
· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where for
· Periodic: The resource is configured with a slot-level periodicity and slot-offset
· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset. Further
· Multiple SRS resources can be activated/deactivated with a single message
· FFS: Activation/deactivation details
· Aperiodic: The resource is configured without a slot-level periodicity and slot offset. Further
· Multiple SRS resources can be triggered with a single message
· The UE can be configured to transmit N(N>1) out of K SRS resources for UL beam management
· FFS: Transmit power for the N SRS resources for UL beam management
· The transmissions of multiple NR-SRS resources can be done in a beam sweeping manner. For the U1-U3 UL beam management phases, the corresponding beam sweeping modes are:
· U1: Multiple UL RS resources (e.g., SRS resources) are transmitted by sweeping through a set of UE Tx beams so that TRP can measure the beamformed channel qualities corresponding to the different UE Tx beams
· U2: Fixed TX UE beam for gNB to search for the best RX beam
· U3: Fine tune the TX beam of UE with multiple UL SRS resources transmitted by sweeping through a set of UE Tx beams
· Support gNB to configure one or more SRS groups where each group contains one or more SRS resource(s) to UE
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· Study whether or not the UE to provide information to gNB to assist UL beam management with no UE beam correspondence

· E.g., the amount of SRS resources that are needed to train UE Tx beams, based on DL beam management results if available
· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping
· E.g., derived from beam-specific power control signaling and maximum transmit power
· Study whether or not to support mechanisms for UE to provide L1/L2 reports based on SS-block measurements for beam management


2 Discussions 
It was suggested in [6] that U1 phase may be removed from the procedure for UL beam management, while be replaced by a mechanism to exploit the DL and UL beam correspondence between TRP and UE. This mechanism can possibly be done by using a beam correspondence indication of more than one bit to allow UE to explore the correlation between its DL Rx beam and UL Tx beam patterns. When TRP and UE have strong beam correspondence, this mechanism is expected to save significant SRS resources and training time for UL beam management. While when TRP or UE has no or only weak beam correspondence, UL beam management procedure are still needed, which however may possibly be done in the U3 phase.

Furthermore, it was also argued in [7] that even when both TRP and UE have full beam correspondence, the UL beam management procedure can still be necessary in some scenarios, for instance where the DL and UL transmissions can use different transmission schemes. For DL transmissions, the gNB can use MU-MIMO with precoding to suppress the intra-cell interferences, while for UL transmissions, the gNB may employ SU-MIMO or UL MU-MIMO for a different set of UEs than those for DL with a receiver-based interference suppression. Under this condition, a UE may need to search for another beam for UL transmissions in the U3 phase in order to enhance the received signal quality at the gNB even if a UL Tx beam has been set in the U1 phase according to the DL and UL beam correspondence.
In addition to the above practical considerations, we argue that it is also necessary for a UE to adjust its number of active TXRUs and their corresponding beams in the U3 phase even if they are set in the begin of UL beam management. This is because in the low to medium received SNR regime, a UE is better to distribute its limited transmit power to only some of its TXRUs rather than all of them. Under such a low-SNR channel condition and a limitation on the maximum transmit power, the channel capacity with less numbers of transmission ports and each port a higher Tx power could be higher than the capacity with the use of full transmission ports and each port a lower Tx power. After obtaining the UL RSRP measurement in the U1 phase of UL beam management or even in the P2 phase of DL beam management, it is suggested that gNB allows UE to do several beam sweepings in the U3 phase of UL beam management, with sweepings of a group set for the SRS resources of a certain number of active TXRUs. This can help gNB determine the best number of TXRUs and their beams for each UE according to the channel measurement results obtained either from the U1 phase or the P2 phase.  As a matter of fact, this also help even if the remaining active TXRUs use the same Tx beam directions of those used when all TXRUs are activated.
Based on the aforementioned agreements that gNB is able to configure one or more groups of SRS resources for UL beam management, and each group with a different number of SRS resources, the above proposal can be implemented fully compatibly under the same infrastructure with or without an additional information to indicate the number of TXRUs for the transmissions of different SRS groups. Therefore, we support the following proposals
Proposal 1: Support the use of M >= 1 SRS resource groups at least in the U3 phase of UL beam management, with each group including Jm>=1 SRS resources. 
Proposal 2: Support gNB to indicate the UE beam sweeping behavior for the UE Tx beams of the allocated SRS resource groups.

More specifically, if UE is agreed to provide information to gNB to assist with the UL beam management, then the information about the number of TXRUs should also be included. For this, we support:
Proposal 3: Support UE to provide information to gNB to assist with UL beam management. The information may also include the desired number of TXRUs, the corresponding amount of SRS resources and beam sweeping behaviors.
In case, UE is not agreed to provide additional information to gNB, but is agreed to use different transmission power for the SRS resources of different SRS groups, this would also allow the UE to redistribute its available power to some of its TXRUs and their corresponding antenna arrays. As a result, we would also support the following proposal

Proposal 4: Support UE to use a different but fixed transmission power for the SRSs in each group.
Some simulation results that demonstrate the advantages of such a flexible assignment on the number of active TXRUs are provided in Appendix.
3 Conclusions
The proposals in this paper are summarized as follows.

Proposal 1: Support the use of M >= 1 SRS resource groups at least in the U3 phase of UL beam management, with each group including Jm>=1 SRS resources. 
Proposal 2: Support gNB to indicate the UE beam sweeping behavior for the UE Tx beams of the allocated SRS resource groups.

Proposal 3: Support UE to provide information to gNB to assist with UL beam management. The information may also include the desired number of TXRUs, the corresponding amount of SRS resources and beam sweeping behaviors.
Proposal 4: Support UE to use a different but fixed transmission power for the SRSs in each group.
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Appendix: Simulation Results on the MIMO Reconfigurability in UL Beam Management
Based on the above ideas, we show in Figure 1 some simulations to demonstrate the advantages of such a flexible assignment on the number of active TXRUs.

We define the number of antennas on a TRP is 16 with each of them dual-polarized. The number of antennas on a UE is 4 with each of them also dual-polarized. Following the definitions for the antenna element (AE) configurations in [8], the baseline AE configurations for TRP is (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1) and the baseline AE for UE is (2, 2, 2, 1, 1). 
The maximum numbers of the TXRUs of a TRP and a UE are both equal to 8. When the number of active TXRUs is reduced, AEs can either be connected only to the active TXRUs or be partially put in idle mode. This type of flexible mapping between TXRUs and AEs for HBF can be easily implemented by using some analog switches between the outputs of the AFEs of TXRUs and the inputs of the RF chains to antenna subarrays to adjust the links between the active TXRUs and the active antenna subarrays. 
Based on the aforementioned simulation setting, we show below some simulation results to demonstrate the performance gains of reconfigurable HBF with dynamic mappings between TXRU-to-AE in different channel conditions. The simulation results are carried out following the simulating settings specified in [9].
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(a) TRP to UE separation distance = 40m.            (b) TRP transmit power = 25 m.
Figure 1: Simulation results of single-user (SU) HBF in 30 GHz UMi channels
Simulation results for outdoor 30 GHz UMi channels are presented in Figure 1. In the simulation environment for Fig. 1 (a), the height of TRP is 10 m, the height of UE is 1.5 m, and the LOS probability is 0.6311. The horizontal separation distance between them is 40 m in Fig. 1 (a). In comparison, the results in Fig. 1 (b) show the capacities versus the horizontal distances in the same environment when the TRP transmit power is set at 25 dBm. As we can see from the results in Fig. 1 (a), when the transmit power changes, different MIMO modes are used for the reconfigurable HBF cases, with a case using the vertically polarized (v-pol) AEs only, and the other threes using dual-polarized (Du-pol) AEs. Similar performance gains can also be seen in Fig. 1 (b). When the distance between the TRP and the UE gradually increases, the number of TXRU should decease to release their AEs for the remaining active TXRUs to help increase their signal strengths and, hence,  the overall system capacity.
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(a) TRP to UE separation distance = 80m.            (b) TRP transmit power = 25 m.
Figure 2: Simulation results of single-user (SU) HBF in 30 GHz UMi channels
Simulation results for another outdoor 30 GHz UMi channels are presented in Figure 2, where the height of TRP is 10 m, the height of UE is 1.5 m, and the LOS probability is 0.3090. The horizontal separation distance between them is 80 m in Fig. 2 (a). Similarly, the results in Fig. 2 (b) also show the capacities versus the horizontal distances in the same environment when the TRP transmit power is set at 25 dBm. As we can see from the results in Fig. 2 (a), when the transmit power changes, different MIMO modes are also used for the reconfigurable HBF cases, with a case using the horizontally polarized (h-pol) AEs only, and the other twos using dual-polarized (Du-pol) AEs. Similar performance gains can also be seen in Fig. 2 (b). 
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