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1	Introduction
The discussion on beam management procedures for UL consists of the following recent agreements:
	Working assumption:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s)
· Details are FFS, including at least the following study:
· Signal(s) for the mechanism(s) if necessary
· E.g., SRS, PRACH preamble, UL DMRS
· Additional contents can also be included, e.g., beam reporting
· Method(s) and content for TRP to indicate selected UE Tx beam and configure UE sweeping
· Impact of beam correspondence Status
· E.g., When to use the mechanism(s)
· E.g., Procedures such as U-1, U-2, U-3, and beam correspondence based procedure
· UE capability reporting
· E.g., capability of analog beamforming
· Consider the cases when UL and DL are from the same TRP and from different TRPs
· Conditions when the mechanism is particularly useful



In this contribution we address the open issues related to this operation.
2	Discussion
The agreed working assumption proposes contains several components which can be grouped as follows:
1. What are the UL signals/reference symbols used for beam management? SRS, PRACH, UL DMRS?
2. What are the methods and content for TRP to indicate selected UE the operation procedures?
3. What is the impact on beam correspondence? When to use such mechanisms? Are the U-x procedures needed?
4. Is the UE capability reporting needed?
5. Should the UL procedures consider the case of UL and DL originating from same or different TRPs?

In the following we address the above points.

Before diving into the discussion of U-procedures, it is worth reminding the DL agreement on the similar topic:
	· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact



2.1 UL RS used for beam management
The beam management framework consists of DL and UL procedures. However, the mindset of the design needs to be based on beam reciprocity, which is augmented by procedures used in the situation when such beam reciprocity needs to be reestablished. The UL signals which are used for establishing connectivity are PRACH. The utilization of PRACH may be used as an aid for beam management in the situation when the beam recovery needs to go to the very first step of re-establishing the connected, the situation in which the UE has available only the DL sync. The design of such operation is however a matter of PRACH design, hence of initial access. At most a RAN2-defined trigger is needed to define mechanisms used for PRACH utilization.
Observation 1: PRACH may be used in the situation when connection re-establishment is needed, however such design is the same as the one used in initial access.
SRS design has been discussed already for several RAN1 meetings in NR. The following agreement take us very close to the utilization of SRS for beam management:
Agreements:
· For NR UL, support transmissions of SRS precoded with same and different UE Tx beams within a time duration
· Detailed FFS, including the resulting overhead, time duration (e.g., one slot), and configuration, e.g., in the following:
· Different UE Tx beam: FFS per SRS resource and/or per SRS port
· Same UE Tx beam across ports: for a given SRS resource and/or a set of SRS resources
· FFS: The SRS resources can be mapped in TDM/FDM/CDM manner.
· FFS: overhead reduction schemes such as IFDMA or larger subcarrier spacing
· FFS gNB can indicate selected SRS port/resource for UE after receiving the SRS.
· 
· NR supports aperiodic SRS transmission triggered by the network
· FFS on other trigger mechanism, e.g. event triggered
· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  

In case when TX/RX beam reciprocity at breaks, the cell specific periodical RS would be basis for DL gNB beam management. However, as the reciprocity does not hold, and linkage between DL and UL cannot be made and hence for UL gNB beam acquisition, two non-mutually exclusive (from specification perspective) options are identified:
1. Define UL signal for UL beam sweeping at gNB
2. Utilize digital subsystem receiver at gNB

In option 1, a UE would be configured to transmit certain UL reference signal multiple times to the gNB. The signal can be e.g. PRACH preamble when UE is performing initial access or link re-establishment and acquiring initial gNB UL beam. In connected state, the signal can be e.g. an SRS type signal that gNB schedules UE to transmit in repetition manner to enable gNB to try different UL beams. In any case, UL sweeping operation is required. 
In option 2, a gNB may be equipped with a narrowband digital subsystem RX e.g. for DoA estimation from UL signal without needing UL sweeping operation. To support this setup along the utilization of hybrid architecture, UL reference signal to determine gNB UL beam for the UE should support narrowband option. 
Above options are illustrated in Figure 2.
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Observation 2: In non-reciprocity case, use of digital subsystem RX at gNB can enable TRP RX beam acquisition without explicit UL sweeping operation. 
The agreement ‘support transmissions of SRS precoded with same and different UE Tx beams within a time duration’ is indeed supporting the case when gNB is sweeping also Rx beams, similar to the UL sweeping used for PRACH. The multiple times SRS transmission with different precoders per transmission instance would correspond to a form of UL Tx beam sweeping from the UE side. The choice of Rx beam utilization of up to gNB implementation. 
Observation 3: UL sweeping based on SRS transmission is supported.
Proposal 1: UL reference signal to determine gNB UL RX beam for the UE should support narrowband option. 

2.2 TRP signaling on UE procedures in support of beam management
Similar to the DL beam sweeping, it is by now clear that a similar procedure would exist for UL. These can be separated in UL sweeping for PRACH and UL sweeping for SRS transmission. The UL sweeping for PRACH is more of an initial access issue. SRS sweeping would make use of multi-shot SRS transmission capability, agreed also by RAN1 a few meetings ago. 
In RAN1#87 we have agreed some basic principles of beam recovery involving PRACH and other signals:
· The following mechanisms should be supported in NR:
· The UL transmission to report beam failure can be located in the same time instance as PRACH:
· Resources orthogonal to PRACH resources 
· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 
· FFS channels/signals 
· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH
· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 
· FFS channels/signals 
· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)

Observation 4: UL sweeping for PRACH and SRS are supported in NR.
2.3 Beam correspondence and need for capability reporting
During the AH meeting it was agreed the following:
Agreements:
· Support capability indication of UE beam correspondence related information to TRP
· FFS details including capability definition,  case(s) (if any) when the indication is not necessary

We believe this captures very well RAN1 understanding on this issue and further detailed performance conditions are up to RAN4, as agreed in our previous meeting. 
2.4 The need of U-x procedures
The idea of introducing UL beam management happened as a consequence of mirroring the DL beam management. The main motivations between U-1, U-2, U-3 are as follows.
U-1: may be seen as a way to enable Tx-Rx beam correspondence. Candidate UL signals for such operation are PRACH signals, SR signals or SRS. In order to see the necessity of U-1, let us start from the DL operation perspective. Based on DL measurements of the sweeping signals, the UE is able to initiate PRACH transmission according to the best estimated DL beams. The spatial directivity acquired by the gNB based on PRACH signals is an indication of the beam correspondence between gNB and UE. Moreover, the PRACH/SR transmission is happening in a “coordinated” way in the system, that is during the UL sweeping subframe. This is indeed important as the gNB is able to sweep through all the Rx beams and hence this is the fastest way of acquiring beam correspondence. 
Observation 5: U-1 procedure is supported by PRACH, SR transmission. 

U-2: is understood as an enabler of TRP measurements on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s). There are a few implications of this procedure. First of all, such UL sweeping needs to happen in an UL sweeping subframe and this is again a time when UEs are sending UL signals in a coordinated way for such operation. In other words, U-2 cannot be a UE specific operation as such. In addition, there is a question of what types of signals are used for such TRP Rx beam measurements and if such signals are multiplexed with other types of UL signals. The best candidate for such measurements seems to be SRS transmission, and in this respect, multi-shot SRS transmitted has been agreed to be supported. This would imply that such transmissions are not multiplexed with, for example PRACH, during the UL sweeping subframe. 
Observation 6: U-2 procedure implies the utilization of an UL sweeping occasion
Observation 7: U-2 procedure is supported based on multi-shot SRS.
U-3: is understood as a way of locking the TRP Rx beam in order to change UE Tx beam in the case UE uses beamforming. In such a procedure, multi-shot SRS may be transmitted with different UE TX beamformers while the gNB can perform measurements, such as SRS power. From the UE transmission perspective, multi-shot SRS is already agreed, however the difference from U-2, which also makes use of multi-shot SRS, is that the UE needs to be indicated to utilize a different Tx beamformer. In fact different beamformers used per SRS transmission are needed for example if multi-panel sounding is used. 
Such U-3 procedure is happening in fact based on P-3. Indeed, in P-3, based on a fixed DL beam, the UE is sweeping between various options of Rx beams. In the case when beam reciprocity is valid, the U-3 and P-3 are analogous. If beam reciprocity is not valid, the question is what type of Rx beam is kept fixed by the gNB? Looking at the potential procedures, during the PRACH transmission there is an opportunity when the Rx beam is known to the gNB and hence this may be used for upcoming U-3. However if this is the case, it is unclear why the system would not rely on P-3 instead of U-3. 
From a system perspective, as it is the case for U-2, the U-3 would need to be performed in a coordinated way for the UE. Similar to P-3 which may use two symbols multiplexing P-3 training capability for a set of UEs, U-3 may utilize several symbols where multiple Rx beams are locked for the reception of U-3 signals. 
Observation 8: U-3 procedure would rely on multi-shot SRS, similar as U-2, with an additional signaling that multiple beamformers need to be used per each SRS transmission. 
Observation 9: When beam correspondence holds, the U-3 and P-3 are analogous. When beam correspondence does not hold, U-3 should not be used, but rather DL based beam correspondence procedure need to be applied.
Summarizing the above discussion. We note that U-1 and U-2 procedures are already supported by the RAN1 agreements thought PRACH/SR mechanisms as well as due to the multi-shot SRS utilization. U-3 procedure is not needed as such. This being the case, we do not see a need for defining “UL beam management procedures” as this is further complicating the discussion. It is sufficient that DL beam management procedures are existing and these are augmented by the transmission of UL signals used in particular occasions such as beam recovery, etc.
3	Conclusions 
In this contribution we have been discussing on the opportunity to introduce UL beam management procedures:
Observation 1: PRACH may be used in the situation when connection re-establishment is needed, however such design is the same as the one used in initial access.
Observation 2: In non-reciprocity case, use of digital subsystem RX at gNB can enable TRP RX beam acquisition without explicit UL sweeping operation. 
Observation 3: UL sweeping based on SRS transmission is supported.
Observation 4: UL sweeping for PRACH and SRS are supported in NR.
Observation 5: U-1 procedure is supported by PRACH, SR transmission. 
Observation 6: U-2 procedure implies the utilization of an UL sweeping occasion
Observation 7: U-2 procedure is supported based on multi-shot SRS.
Observation 8: U-3 procedure would rely on multi-shot SRS, similar as U-2, with an additional signaling that multiple beamformers need to be used per each SRS transmission. 
Observation 9: When beam correspondence holds, the U-3 and P-3 are analogous. When beam correspondence does not hold, U-3 should not be used, but rather DL based beam correspondence procedure need to be applied.


Proposal 1: UL reference signal to determine gNB UL RX beam for the UE should support narrowband option. 
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