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1 Introduction

Regarding UL beam management, the following WA and agreements have been achieved in the Ad Hoc meeting in January and RAN1#88 [1]
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[2]:
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
Agreements:
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.

· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)

· Alt.2: based on gNB indication, e.g. via SRI
Agreements:
· FFS whether or not to support at least the following association of channel properties between UL and DL antenna ports at the same node for the case with and without beam correspondence 

· UL SRS/DM-RS/RACH and DL CSI-RS/DM-RS/SS

· Details of beam related indication signaling (if any)
Agreements:
· Study further UE behavior(s) for SRS transmission and the details of the indication from gNB (if any)

In this paper, we provide more details on UL beam management, including mechanism/procedure to establish/maintain UL beam pair link(s), associated configuration/transmission of SRS, and subsequent beam indication for UL transmission(s), etc. 
2 UL beam management

Without beam correspondence, UL beam management (BM) procedures such as U-1/U-2/U-3 are needed for determining/refining the UE Tx and/or gNB Rx beams. One example is given in Figure 1. As illustrated, the first step is to obtain UE Rx and gNB Tx beam and DL synchronization by P-1 procedure. Without beam correspondence at UE side, the UL Tx beam cannot be inferred from the acquired DL Rx beam. Therefore, U-1 procedure is needed for the selection of UE Tx and gNB Rx beam, where random access is done at the same time. After initial Tx beam for UL transmission has been determined, further refinement of the UE Tx and gNB Rx beams can be achieved by U-2 and U-3 procedures. 

Proposal 1: Support U-1/U-2/U-3 procedures for UL beam management.
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Figure 1 UL beam training with U-1/U-2/U-3 procedures
2.1 Joint DL/UL beam training
With beam correspondence, the signaling overhead and latency can be reduced by joint DL/UL beam training, instead of relying on only DL beam training. For example, to refine first gNB beam and then UE beam, sequential P-2 and P-3 procedures are needed, with separate configurations while feedback is required for P-2 procedure leading to larger delay and overhead. Instead, if P-2 procedure is replaced with U-2, as illustrated in Figure 2, the associated delay/overhead of feedback of P-2 procedure can be reduced, as U-2 procedure does not require feedback from gNB to UE. In addition, if such configuration/triggering is done by a single joint indication rather than separate ones, the associated signalling overhead can be reduced further. 
Proposal 2: Support joint configuration/triggering of sequential U-2 and P-3 procedures for beam training.
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Figure 2 Comparison of separate P-2/P-3 procedure and joint U-2/P-3 procedure

2.2 UL only beam training 
Without beam correspondence, UL beam training is needed for determining/refining the UE Tx and/or gNB Rx beam(s). Compared with separate configuration/triggering of U-2 and U-3 procedures, the overhead and latency can be suppressed by combining the configuration/triggering of sequential U-2 and U-3 procedures, performed over consecutive symbols or slots. Such joint operation can be alternatively interpreted as U-1 procedure, but with a fixed beam sweeping behavior (i.e., first gNB change and then UE change). 
An illustration of joint U-2 and U-3 procedure is provided in Figure 3. With joint configuration/triggering, the best gNB Rx beam can firstly be selected by U-2 procedure, and then the best UE Tx beam can be selected by U-3 procedure corresponding to the best Rx beam at gNB side, and followed by DL feedback/indication of the selected UT Tx beam. 
Proposal 3: Support joint configuration/triggering of sequential U-2 and U-3 procedures for beam training.
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Figure 3 Joint U-2 and U-3 procedure 
3 Configuration of SRS for beam management
UL beam training will likely be carried out by SRS transmission. Here we discuss the associated configuration, sweeping behavior, and transmit power. 

3.1 SRS configuration framework
SRS configuration can have one SRS resource setting corresponding to M>=1 SRS resource sets, each includes Jm>=1 SRS resource(s). One SRS resource set with Jm>=1 SRS resource(s) can be configured to support beam sweeping over multiple symbols or slots, as illustrated in Figure 4. Here what is different from CSI-RS configuration is no reporting setting is needed for SRS configuration.
As for detailed settings, except for the components agreed for CSI-RS configuration, additional ones including frequency hopping method and comb-level should be included for SRS configuration (more details can be found in [3]). In addition, the time-offset between triggering and SRS transmission should be configurable to support flexible UL beam training. In an extreme case, the time-offset could be zero when the SRS triggering and transmission are within the same slot.

Proposal 4: Support to have one SRS resource setting for beam management, corresponding to M>=1 SRS resource sets, with each includes Jm>=1 SRS resources. 

[image: image4.emf]SRS resource set #x: Sweeping type 1

Slot #1 Slot #2

SRS resource #1 SRS resource #2


Figure 4 SRS resource set configuration
3.2 Beam sweeping 
To reflect U-2/U-3 procedures, two types of sweeping behavior can be defined:

· Type 1: UE keeps the same Tx beam across symbols allocated for SRS.

· Type 2: UE uses different Tx beams for symbols allocated for SRS.

where type 1 sweeping can be used for U-2 procedure with gNB Rx beam training, while type 2 sweeping can be used for U-3 procedure with UE Tx beam training. 
For high flexibility, the beam sweeping type can be explicitly indicated for each SRS resource set. To reduce overhead, the beam sweeping type can also be implicitly indicated by predefined association with SRS resource set ID. In other words, by receiving the SRS resource set ID, UE can derive the sweeping behavior to be assumed. 

Proposal 5: Support indicating (implicitly or explicitly) the beam sweeping type (same/different UE Tx beams) for the SRS resource set assigned for beam training.

To facilitate these two types of sweeping behaviors, SRS resource configuration needs to consider different gNB/UE capabilities, e.g., beam switching latency. For instance, with smaller switching latency expected at gNB, consecutive OFDM symbols can be used for gNB beam sweeping (i.e., U-2 procedure), as illustrated in Figure 5(a). Meanwhile, for UE Tx beam sweeping (i.e., U-3 procedure), when UE beam switching latency is longer than the CP duration (e.g., with 480kHz subcarrier spacing, the CP length with 6.67% overhead becomes around only 146ns), SRS transmission scattered over non-consecutive symbols can be considered, where the non-used symbols are left for UE to perform beam switching and allow for other users to transmit SRS. This example is illustrated in Figure 5(b). 
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Figure 5 SRS transmission over consecutive and non-consecutive symbols
Proposal 6: Support scheduling SRS transmission over non-consecutive symbols for at least U-3 procedure. 
3.3 Transmit power
It has been agreed that NR supports beam specific power control. However, during beam refinement, multiple SRS transmissions are required for measuring the Tx/Rx beam(s). In one period of UE Tx and/or gNB Rx beam sweeping, the transmit power of SRS should be kept the same to have a fair comparison between candidate beams. The specific value can be configured by gNB (e.g., indicated by RRC signaling, or, derived from the parameters for UL power control for the beam pair link which is to be measured) or predefined. In this process, the maximum transmit power the UE can afford is not to be exceeded. 
Proposal 7: Support using same transmit power for SRS transmission during one round of UE Tx and/or gNB Rx beam sweeping.

4 Beam indication for UL
As agreed, both UE-determined gNB-transparent (Alt.1) and gNB-indicated (Alt.2) beamformer are supported for SRS transmission. In our view, gNB shall determine which alternative to be used for each UE, based on, e.g., UE capability on beamforming and correspondence, the channel conditions, etc.
Proposal 8: Support gNB to indicate which Tx beamformer selection scheme (Alt.1 or Alt.2) is to be used for SRS transmission for a given UE. 
Even if the UE-determined Tx beam for SRS is transparent to gNB, some indication from gNB can still be helpful for UE to select appropriate beam. In particular, for Alt. 1, UE can select the best beam(s) to transmit SRS based on DL measurement, and thus the transmitted SRS will be more robust to blockage and interference variation at UE side. For this case, allowing UE to select beamformer for SRS transmission within a set of beamformers is of interests. More specifically, gNB can indicate SRS Rx beam related information to UE, and UE obtains the subset of Tx beams related to the SRS Rx beam and select one or more of them for transmitting SRS. It is worth mentioning that in this case, this gNB SRS Rx beam related information can be an abstracted beam pair link (BPL) index or CRI when beam correspondence holds at gNB side. 
Proposal 9: Support UE to select beamformer for SRS transmission within a set of beamformers, based on SRS Rx beam related information from gNB (e.g., BPL index, CRI if correspondence holds).

We then come to the case with explicit indication from gNB on Tx beam to be used by UE, not only for SRS, but also for PUCCH/PUSCH.
4.1 With DL/UL beam association
With beam correspondence, the beam pair links (BPLs) (i.e., the beamformed communication links between gNB and UE) obtained from DL BM [4]
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 can be reused for UL transmission. Indication is needed for UE to know which BPL(s) is/are to be used. This can be achieved by association between RS in DL and UL, by e.g., reciprocal QCL of DM-RS of PUSCH to be transmitted and a previously transmitted CSI-RS. When such association is indicated, UE knows the Rx beam used for CSI-RS reception should be used as Tx beam for DM-RS/PUSCH transmission. Such beam indication for UL transmission by DL/UL beam association can help reducing the signaling/complexity for UL BM/indication. If the BPL used for transmitting scheduling grant is also to be used for the scheduled UL transmission, it would limit the scheduling flexibility. For this reason, explicit signaling is preferred for UL beam indication. The possible associations between DL and UL reference signals for beam indication are listed as follows:
· UL SRS and DM-RS of PUCCH/PUSCH ( DL CSI-RS
As DL CSI-RS primarily represents the DL BPL, such association should be supported for indicating BPL  to be used for UL SRS/DM-RS (and thereby PUCCH/PUSCH) transmission. 
· UL SRS and DM-RS of PUCCH/PUSCH ( DL DM-RS
As DL DM-RS will likely be spatially QCLed to DL CSI-RS, thus UL SRS/DM-RS can be associated with DL CSI-RS directly. This association is therefore not needed. 

One example of UL beam indication based on DL/UL beam association is provided in Figure 6. As for signaling support, the beam indication for PUCCH/PUSCH (e.g., with associated DM-RS) can be done by MAC-CE/DCI respectively. 
Proposal 10: Support beam indication for UL transmission based on DL/UL beam association between

· UL SRS ( DL CSI-RS

· UL DM-RS ( DL CSI-RS
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Figure 6 UL beam indication with UL/DL association
4.2 Without DL/UL beam association
With its simplicity, DL/UL beam association would limit the beamforming gain in DL and UL to be the same. If we are targeting at the same peak throughput in DL and UL at cell edge, one way to deal with the limitation of lower transmit power in UL is to boost the beamforming gain in UL, which can potentially become higher than DL. In addition, when it comes to the case without beam correspondence, the obtained DL BPLs cannot be used as reference to indicating BPLs to be used for UL transmission. To address these issues, it is also needed to have separate beam management/indication for UL transmission. 
Proposal 11: Support beam indication for UL transmission by referring to a previously used beamformed uplink (represented by e.g., BPL index or SRI).

Although they are targeting at different use cases, the signaling format for beam indication for UL transmission for the cases with and without DL/UL beam association can be common, but referring to different meaning in different scenarios. When DL/UL beam association is exploited, such signalling can refer to the DL BPL or DL RS/SS resource/port index (as discussed before). When DL/UL beam association is not exploited, such signaling can refer to the UL BPL established from UL BM or previously transmitted UL RS/PRACH resource/port index. Whether DL/UL beam association is exploited or not can be related to whether beam correspondence holds or not and/or whether separate UL BM is performed or not. Although the details are to be studied, such a common signaling format is quite desirable for reducing implementation complexity. 

Proposal 12: Strive for common signaling format for beam indication for UL transmission for the cases with and without DL/UL beam association. 

5 Conclusions
The proposals in this paper are summarized as follows.
Proposal 1: Support U-1/U-2/U-3 procedures for UL beam management.

Proposal 2: Support joint configuration/triggering of sequential U-2 and P-3 procedures for beam training.
Proposal 3: Support joint configuration/triggering of sequential U-2 and U-3 procedures for beam training.
Proposal 4: Support to have one SRS resource setting for beam management, corresponding to M>=1 SRS resource sets, with each includes Jm>=1 SRS resources. 
Proposal 5: Support indicating (implicitly or explicitly) the beam sweeping type (same/different UE Tx beams) for the SRS resource set assigned for beam training.

Proposal 6: Support scheduling SRS transmission over non-consecutive symbols for at least U-3 procedure. 

Proposal 7: Support using same transmit power for SRS transmission during one round of UE Tx and/or gNB Rx beam sweeping.

Proposal 8: Support gNB to indicate which Tx beamformer selection scheme (Alt.1 or Alt.2) is to be used for SRS transmission for a given UE. 

Proposal 9: Support UE to select beamformer for SRS transmission within a set of beamformers, based on SRS Rx beam related information from gNB (e.g., BPL index, CRI if correspondence holds).

Proposal 10: Support beam indication for UL transmission based on DL/UL beam association between

· UL SRS ( DL CSI-RS

· UL DM-RS ( DL CSI-RS

Proposal 11: Support beam indication for UL transmission by referring to a previously used beamformed uplink (represented by e.g., BPL index or SRI).

Proposal 12: Strive for common signaling format for beam indication for UL transmission for the cases with and without DL/UL beam association. 
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