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1. Introduction
In RAN1 NR Ad Hoc, the following working assumption was reached for UL beam management [1]. 
 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:

· Impact of beam correspondence Status

· UE capability reporting

· Consider the cases when UL and DL are from the same TRP and from different TRPs

· Conditions when the mechanism is particularly useful.
In RAN1#89 meeting, the following agreements were reached for UL beam management [4].
 Agreements:

· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management

· When UE beam correspondence holds,

· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· 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
In RAN1 NR-AH#2 meeting, the following agreements were reached for PUCCH design [7].
Agreements:
· For a long PUCCH with up to 2 bits UCI:
· DMRS always occurs in every other symbols in the long PUCCH

In this contribution, we further elaborate UL beam management for NR. 

2. Framework for SRS  
In order to support UL beam management and CSI acquisition in the unified framework, we here recommend the SRS framework containing SRS resource setting, SRS resource set and SRS resource, which is similar to DL CSI-RS framework. The details of SRS framework can be found our companion contribution [8].  

2.1. SRS resource set
One SRS resource set containing SRS resource indices of multiple SRS resources can be configured as being QCLed with RS indicated by CRI/SRI as shown in Figure 1. It means that the Tx spatial filtering of SRS resources of this resource set can be inferred from the Rx (or, Tx) spatial filter of CSI-RS indicated by CRI (or, SRS indicated by SRI)., To support beam sweeping, it cannot be assumed that the same Tx beam is used for different SRS resources within a SRS resource set in such a case, and the Tx beams associated with those different SRS resources can be assumed as QCLed w.r.t. spatial Rx parameter.
For instance, SRS resources associated with SRI0~SRI2, the Tx beams of which are adjacent to that for SRI3, is transmitted as shown in Figure 2(a).  SRS resources, the Tx beams of which are inferred from CRI3, is transmitted as shown in Figure 2(b).  According to UE capability on number of beams, UE can request the number of SRS resources per the SRS resource set, which has been associated with a reference resource (such as SRI3/CRI3), especially when the UE can apply TRP-transparent Tx beam to SRS in NR.  The UE would sweep neighbouring beams around the reference resource.
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Figure 1 Association between SRS resource(s) and one SRS resource set
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(a)                                                                                   (b)
Figure 2 UL beam sweeping: (a) the transmitted SRS set configured by SRI, ie., SRI3, for spatial QCL indication; (b) the transmitted SRS set configured by CRI, i.e.g, CRI-3, for spatial QCL indication .
Proposal 1:  NR should support QCL association between a CRI/SRI and SRS resource set containing one or more SRS resources. 
Proposal 2: The UE cannott assume the same Tx spatial filter is used for different SRS resources within a SRS resource set for beam management
We can trigger a SRS resource set which includes multiple SRS resources in order to reduce DCI overhead when we want to trigger multiple SRS resources using single aperiodic SRS triggering field. 
Proposal 3: Support using single aperiodic SRS triggering field to trigger one SRS resource set containing multiple SRS resources.
It should use one SRS resource for U-2 of one or more stationary Tx beam(s) instead of establishing different SRS resources for different UL receive beams. The number of time-domain repetitions of SRS resource can be configured for supporting sufficient sweeping of Rx beams. The number of time-domain repetitions is the number of OFDM symbols occupied by one SRS port within a period which can span more than one slots. 
Observation 1: It should use one SRS resource for U-2 of one Tx beam instead of establishing different SRS resources for receive beam sweeping corresponding to one Tx beam. 
Observation 2: There is no need to explicitly distinguish between U-2/U-3. Different time-domain repetitions of a SRS resource can be configured differently for U-2 and U-3.
Proposal 4: The number of time domain repetition in a period can be configured to let the gNB sweep its Rx beams.
2.2. UE requirement for UL SRS resource setting
Taking into account that different UE has different capability, like number of panels, antenna element and TXRU and requirement for UL Tx beam sweeping, the approach of informing gNB of its capability is necessary. Meanwhile, according to its capability, the requirement for SRS resource setting can be different and should be informed TRP with the objective of optimizing UL RS resource configuration. To be more specific, the following aspects for UE capability and SRS request based on UE capability are summarized:

· Maximal number of UL beam groups to be supported (which is associated with number of UE panels);
· Maximal number of SRS resources to be supported (per group);
· Maximal number of SRS resource transmitted simultaneously (per group);
· Maximal number of UL layers per group;

· Number of SRS resource requested (per group)

· Number of time-domain repetition of SRS resource request (per group)

The criterion of UL beam grouping is recommended as follows:
-
Different UL SRS resource(s) contained within the same set cannot be transmitted simultaneously at the UE.

-
Different UL SRS resource(s) contained within the different set can be transmitted simultaneously at the UE.

Proposal 5: To support the following aspects of UE-requirement reporting for UL SRS resource setting 
· Maximal number of UL beam groups to be supported (which is associated with number of UE panels);

· Maximal number of SRS resources to be supported (per group);

· Maximal number of SRS resource transmitted simultaneously (per group);

· Maximal number of UL layers per group;

· Number of SRS resource requested (per group)

· Number of time-domain repetition of SRS resource request (per group)
3. Beam Indication 

3.1. UL QCL-based beam indication 

UL beam indication should consider channel reciprocity and non-reciprocity scenarios, which determines whether DL beam-related information can also be used for UL beam indication or not. 
With Reciprocity

UL beam indication is achieved via being QCL’ed [2] with DL RS port(s)/group(s) in reciprocity, which is to assist or indicate UE UL beamforming/transmission. The agreement in Section 1 implies that association between UL SRS and DL CSI-RS at UE side is supported with CSI-RS as a reference RS.  It is also beneficial to support transmission of DL CSI-RS based on indication of UL SRS.  In addition, other associations between UL RS and DL RS should be supported to fully utilize beam correspondence.
Proposal 6: NR should support at least the following QCL association between UL and DL antenna ports at the same node for the case with beam correspondence. 
· UL DMRS/UL SRS and DL CSI-RS

· UL DMRS/SRS and DL DMRS  
· PRACH/SRS/UL DMRS and SS
These configurations and activation/deactivation signaling for setting up an association with UL and DL RSs can be transmitted by RRC and MAC-CE, respectively. Subsequently UL beam indication for PUSCH is done via DCI signaling. Meanwhile, for PUCCH, the beam indication is done by MAC-CE, considering the requirements of PUCCH-related beam indication and alignment with that for PDCCH as like the beam indication of downlink as shown in our companion contribution [6]. 

The definition of the QCL association between DL and UL RS is that spatial Rx parameter of that channel over which a symbol on one DL/UL RS antenna port is conveyed can be inferred from that channel over which a symbol on the other DL/UL antenna port is conveyed. To be more specific, we have the following detailed analysis for the association between DL and UL RS: 

· CSI-RS resource or port can be transmitted based on the indication of SRI or SRS port group index if we want the UE to receive the CSI-RS with Rx beam obtained from Tx beam of the SRI/SRS port. 
· Establishing association between DL-DMRS and UL-DMRS is to indicate UE of transmitting PUCCH using a Tx beam corresponding to Rx beam of PDCCH/PDSCH. 

· Additionally, the association between SS and UL RS should be considered, considering SS blocks support up to 64 Tx beams and offer sufficiently spatial resolution for transmission scheme, especially for control channel. 
Without Reciprocity

Taking into account that the results of DL beam management can’t be used for UL, the recommended multi-stage UL beam indication should be based on UL beam measurement via SRS-based beam sweeping. Distinguishing from DL beam management, TRP does not need to report the results of UL beam management to UEs and just need to indicate UL Tx beamforming/transmission via QCL assumptions between UL RS ports and RS port(s)/beam group(s) involved by UL beam measurement in NR. 
Proposal 7:  Multi-stage beam indication for QCL among RS ports with or without beam correspondence should be supported in NR UL beam management.
When the number of UE Rx beams associated with the same DL-RS resource is more than one, e.g., from different UE panels, more than one uplink Tx beams can be achieved if only using a CRI to indicates the Tx beam of one UL-RS. As shown in Figure 2b, there are three best Rx beam associated with CRI3. The gNB sets up one SRS resource/DMRS port associated with the first receive beam of CSI-RS port1 and the gNB can set up another SRS resource/DMRS port which is associated with the second receive beam of CRI3. The format of this indication can be achieved through DL RS ID + DL group ID, or DL RL ID. This can be used to keep the robustness of the UL RS transmission.  

Proposal 8: DL Tx beam association with one UL-RS can be indicated by DL RS index + DL group ID.  
Candidate UL beams can be identified by UL beam management process or DL beam management process with beam correspondence.  Then port selection/combination codebook[5] can be used for UL CSI acquisition to select and combine beams.  The gNB can schedule a SRS resource including multiple SRS ports with multiple beam indications for getting the UL CSI. As shown in Figure 3 there are four SRS ports and two UL beam indicators.  We can map the first beam indicator to the first two SRS ports and map the second beam indicator to the second two SRS ports. So NR should support beam indication per SRS port or per SRS port group.  The transmission of SRS port or SRS port group is performed with the same spatial filtering as the one used for the transmission of the indicated SRS or CSI-RS in beam correspondence case.  
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 Figure 3. Mapping two beams indicated by SRI/SRS port/CRI to four SRS ports. 
Proposal 9: NR should support per SRS port or per SRS port group beam indication at least for SRS for UL CSI  via association with indicated SRS or CSI-RS. 
3.2. Beam determination for PUCCH 
PUCCH aims for robustness and PUSCH aims for efficiency. Hence it should allow using different beams to address different requirements, e.g., wide beam is used on PUCCH and narrow beam is used on PUSCH. For another example, PUCCH and PUSCH may target different TPRs.  Different Tx beam on PUCCH and PUSCH should be allowed considering at least the above aspects. Separate beam indication should be supported but the method of beam indication can be different e.g. whether it is based on channel reciprocity or whether it is based on DCI or MAC or whether it is implicit or explicit.

Proposal 10: Support using different Tx beams on PUSCH and PUCCH 
If NR supports UE transmission of PUCCH using one or more beams derived from Rx beam(s) corresponding to the spatial QCL parameters associated with the reference beam(s) of PDCCH [3] based on channel reciprocity. The following options can be considered: 
· Opt A. The reference beam(s) of PDCCH depends on successful PDCCH detection on different search space regions corresponding to different beams e.g. in Figure 4(a) UE uses beam 1 only for PUCCH transmission if beam 1 is detected out of beams1-2 on PDCCH.
· Opt B. The reference beam(s) are the beams in the per-slot PDCCH beam pattern configured by higher layer. e.g. in Figure 4(b) UE follows the per-slot beam pattern on PUCCH regardless which PDCCH beam is detected. 

· Opt C. The reference beam(s) are beams in the beam pool of PDCCH configured by higher layer. e.g. in Figure 4(c) UE uses the beams of PDCCH beam pool for PUCCH.
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(a) Option A
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Figure 4 Options of PUCCH beam determination
Option A is beneficial as dynamic beam detection is possible. Both Option B and Option C works when there is no PDCCH while Option C is more robust but costs overhead.  It is preferable to support all these options and make them configurable according to gNB’s decision e.g. based on whether  PUCCH resources are sufficient.
When the reciprocity between DL and UL doesn’t hold or there is no PDCCH associated with PUCCH containing CSI, The UE can’t obtain the TX beam for PUCCH from Rx beam of PDCCH. So the way for obtaining Tx beam of PUCCH can be configured in order to allow gNB with flexibility.  In such case, mechanism of selecting a PUCCH beam from multiple candidate PUCCH beams should be considered.  The candidate beams can be configured by higher layer and beam selection can be based on multi-stage QCL indication as described in Section 3.3.
Proposal 11:  Support association between DMRS of PUCCH and CSI-RS/DMRS associated with PDCCH 

It has been agreed that UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously in order to support robustness against beam pair link blocking. PUCCH should have similar scheme to ensure robustness. NR can support UE transmission of PUCCH using multi-beams in TDM manner within one slot considering robustness. The UE can derive the DMRS pattern of PUCCH from the number of TX beams used by PUCCH as shown in Figure 5. 
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 Figure 5  The DMRS pattern of PUCCH is derived by UE from the number of the TX beams
Proposal 12: NR should support UE transmission of PUCCH using multi beams within TDM manner in one slot. 
4. Conclusion
In this contribution, we discuss the UL beam management for NR. From the above discussion, we have the following proposals:
Observation 1: It should use one SRS resource for U-2 of one Tx beam instead of establishing different SRS resources for different receive beams of one Tx beam.
Observation 2: There is no need to explicitly distinguish between U-2/U-3. Differen ttime-domain repetitionsof a SRS resource can be configured differently for U-2 and U-3.
Proposal 1:  NR should support QCL association between a CRI/SRI and SRS resource set containing one or more SRS resources. 
Proposal 2: The UE cannott assume the same Tx spatial filter is used for different SRS resources within a SRS resource set for beam management
Proposal 3: Support using single aperiodic SRS triggering field to trigger one SRS resource set containing multiple SRS resources.
Proposal 4: The number of time domain repetition in a period can be configured to let the gNB sweep its Rx beams.
Proposal 5: To support the following aspects of UE-requirement reporting for UL SRS resource setting 
· Maximal number of UL beam groups to be supported (which is associated with number of UE panels);

· Maximal number of SRS resources to be supported (per group);

· Maximal number of SRS resource transmitted simultaneously (per group);

· Maximal number of UL layers per group;

· Number of SRS resource requested (per group)

· Number of time-domain repetition of SRS resource request (per group)
Proposal 6: NR should support at least the following QCL association between UL and DL antenna ports at the same node for the case with beam correspondence. 
· UL DMRS/UL SRS and DL CSI-RS

· UL DMRS/SRS and DL DMRS  
· PRACH/SRS/UL DMRS and SS
Proposal 7:  Multi-stage beam indication for QCL among RS ports with or without beam correspondence should be supported in NR UL beam management.
Proposal 8: DL Tx beam association with one UL-RS can be indicated by DL RS index + DL group ID.
Proposal 9: NR should support per SRS port or per SRS port group beam indication at least for SRS for UL CSI  via association with indicated SRS or CSI-RS. 
Proposal 10: Support using different Tx beams on PUSCH and PUCCH 
Proposal 11:  Support association between DMRS of PUCCH and CSI-RS/DMRS associated with PDCCH 
Proposal 12: NR should support UE transmission of PUCCH using multi beams within TDM manner in one slot.
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