3GPP TSG-RAN WG4 Meeting #96-e                                                                         R4-2011126
Electronic Meeting, 17 – 28 August, 2020
Title: 

      Discussion on spatial relation switch for uplink channels and SRS
Source: 
      Huawei, HiSilicon
Agenda item:
7.13.1.4
Document for:
Discussion
1. Introduction

In the last RAN4#95e-bis meeting, the WF on the spatial relation switch for uplink channels and SRS were approved [1]. The exception sheet was approved in [2], the following open issues in UL spatial relation switching topic are planned to be completed by September this year.

	UL spatial relation change
· Whether to consider timing tracking when associated DL-RS for sub1. and sub2.

· Whether and how to define requirement for UL signal which has spatial relation to an unknown DL RS


This paper continues to provide the analysis on the requirements of spatial relation switching for uplink.
2. Discussion
· MAC-CE based PUCCH spatial relation switching
Regarding the PUCCH transmission, UE can be configured at most 8 PUCCH-SpatialRelationInfo by network. If the UE is provided more than one values of PUCCH-SpatialRelationInfo, the UE receives an activation command indicating a value of pucch-SpatialRelationInfoId. 
	PUCCH-Config ::=                        SEQUENCE {

…..
    spatialRelationInfoToAddModList         SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo


	PUCCH-SpatialRelationInfo ::=           SEQUENCE {

    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,

    servingCellId                           ServCellIndex                                                    OPTIONAL,   -- Need S

    referenceSignal                         CHOICE {

        ssb-Index                               SSB-Index,

        csi-RS-Index                            NZP-CSI-RS-ResourceId,

        srs                                     SEQUENCE {

                                                    resource                            SRS-ResourceId,

                                                    uplinkBWP                           BWP-Id

                                                }
    },

    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,

    p0-PUCCH-Id                             P0-PUCCH-Id,

    closedLoopIndex                         ENUMERATED { i0, i1 }

}

PUCCH-SpatialRelationInfoId ::=         INTEGER (1..maxNrofSpatialRelationInfos)




Where

	maxNrofSpatialRelationInfos             INTEGER ::= 8


RAN1 specifies the switching delay as below [TS 38.213],

	The UE applies the activation command in the first slot that is after slot 
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  where k is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and u is the SCS configuration for the PUCCH.


If PUCCH-SpatialRelationInfo is provided, the PUCCH spatial relation can refer to the associated downlink beam (SSB or CSI-RS). The controversial issue is whether to consider time tracking and whether UE needs to meet initial transmit timing accuracy requirements.

	· Whether UE should meet initial transmit timing accuracy requirements after UL spatial relation switch?

· Option 1: No 
· Option 2: Yes
· Whether to consider timing tracking when associated DL-RS?
· Sub1. Whether to consider timing tracking when associated DL-RS is known but QCLed with a different qcl-Type1 RS?
· Option 1: No
· Option 2: Yes

· Option 3: No requirement will be defined.

· Option 4: 

· No for SRS spatial relation changes

· Yes for PUCCH spatial relation changes

· Sub2. Whether to consider timing tracking when associated DL-RS is an unknown DL RS?
· Option 1: No
· Option 2: Yes

· Option 3: No requirement will be defined




· Sub1. Whether to consider timing tracking when associated DL-RS is known but QCLed with a different qcl-Type1 RS?
Firstly there are a lot of discussions on one step timing in R15 and R16. No consensus is drawn whether TCI state switching will definitely cause a big timing changes during the whole discussion. 
In addition, as the downlink and uplink experience the same channel propagation environment due to channel reciprocity in FR2. Thus UE uplink timing shall be based on the timing of DL beam. When UE is indicated to switch its uplink spatial relation with an associated DL RS, the timing of the associated DL RS of the uplink beam shall be closer to timing of the reference DL beam. Otherwise the uplink beam configuration is wrong.
In summary, when UE switches from associated DL RS0 to DL RS1 whose QCL-TypeA is different with DL RS0, the downlink timing reference is kept unchanged, and UE just switches its uplink transmission beam to a new beam when UE receives PUCCH-SpatialRelationInfo. 
Proposal 1: No timing tracking is considered when associated DL-RS is known but QCLed with a different qcl-Type1 RS.
· Sub2. Whether to consider timing tracking when associated DL-RS is an unknown DL RS?

Firstly, it is a strange case that network configures an unknown DL RS to UE. As this associated DL RS is unknown to UE, UE has not report any information to network ever, how network know this uplink beam is suitable to this UE? This is a blind decision for network and UE. We don’t think This case is typical in real network.
If this configuration is indeed configured, UE shall firstly identify this DL-RS. To UE, this is an additional DL-RS resource which needs to be identified on top of the ongoing L1-RSRP measurement. This may put additional burden on UE measurement or impact the existing program.
In general, we suggest there is no requirement when associated DL-RS is an unknown DL RS. 
If it is justified that the case is a possible case, we think the timing tracking is not needed as well. The reasons are the same as sub1. Under this case, the L1-RSRP procedure to identify this unknown DL beam is needed.
Proposal 2: Whether to consider timing tracking when associated DL-RS is an unknown DL RS? 

· Option 1: No
· Option 3: No requirement will be defined
Prefer option3, otherwise option 1 is acceptable.

In summary when PUCCH-SpatialRelationInfo is provided, upon receiving MAC-CE activation command indicating a value of pucch-SpatialRelationInfoId in slot n,
· If the spatial relation associated downlink RS is known, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· If the spatial relation associated downlink RS is unknown, there are no requirements.
Proposal 3: when PUCCH-SpatialRelationInfo is provided, upon receiving MAC-CE activation command indicating a value of pucch-SpatialRelationInfoId in slot n,

· If the spatial relation associated downlink RS is known, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.

· If the spatial relation associated downlink RS is unknown, there are no requirements.

· Periodic SRS spatial relation switching
Periodic SRS resource is configured by RRC.

	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS.[TS 38.214 section 6.2.1]


Where the spatialRelationInfo is defined as below in TS 38.331.
	SRS-SpatialRelationInfo ::=     SEQUENCE {

    servingCellId                       ServCellIndex                                               OPTIONAL,   -- Need S

    referenceSignal                     CHOICE {

        ssb-Index                           SSB-Index,

        csi-RS-Index                        NZP-CSI-RS-ResourceId,

        srs                                 SEQUENCE {

            resourceId                          SRS-ResourceId,

            uplinkBWP                           BWP-Id

        }
    }


The delay requirements of spatial relation of periodic SRS resembles the MAC-CE based PUCCH spatial relation switching.
· 1) If the spatial relation associated downlink RS is known,  the periodic SRS spatial relation switching delay is TRRC_processing;
· 2) If the spatial relation associated downlink RS is unknown, no requirement is defined.

Proposal 4: Periodic SRS spatial relation switching delay is specified as below,
· If the spatial relation associated downlink RS is known,  the periodic SRS spatial relation switching delay is TRRC_processing;
· If the spatial relation associated downlink RS is unknown, no requirement is defined.
· Semi-persistent SRS spatial relation switching
Semi-persistent SRS is activated/deactivated by MAC CE. The spatial relation of semi-persistent SRS can refer to SSB, CSI-RS or SRS. RAN1 has the following definition.
	when a UE receives an activation command, as described in subclause 6.1.3.17 of [10, TS 38.321], for an SRS resource, and when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the activation command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on SRS transmission corresponding to the configured SRS resource set shall be applied starting from the first slot that is after slot [image: image3.png]n+ 3N e



 where  is the SCS configuration for the PUCCH.


This case is similar as PUCCH spatial relation
Proposal 5: Semi-persisitent SRS spatial relation switching delay can be specified as below,

Upon receiving MAC-CE activation command indicating triggering a new semi-persistent SRS in slot n, 
· If the spatial relation associated downlink RS is known, UE shall be able to transmit a Semi-persisitent SRS with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· If the spatial relation associated downlink RS is unknown, no requirement is defined.
3. Conclusions

This contribution provides the discussion on spatial relation for uplink channel (PUCCH and PUSCH) and SRS. The proposals are provided as below:
Proposal 1: No timing tracking is considered when associated DL-RS is known but QCLed with a different qcl-Type1 RS.
Proposal 2: Whether to consider timing tracking when associated DL-RS is an unknown DL RS? 

· Option 1: No
· Option 3: No requirement will be defined

Prefer option3, otherwise option 1 is acceptable.

Proposal 3: when PUCCH-SpatialRelationInfo is provided, upon receiving MAC-CE activation command indicating a value of pucch-SpatialRelationInfoId in slot n,

· If the spatial relation associated downlink RS is known, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.

· If the spatial relation associated downlink RS is unknown, there are no requirements.

Proposal 4: Periodic SRS spatial relation switching delay is specified as below,

· If the spatial relation associated downlink RS is known,  the periodic SRS spatial relation switching delay is TRRC_processing;
· If the spatial relation associated downlink RS is unknown, no requirement is defined.
Proposal 5: Semi-persisitent SRS spatial relation switching delay can be specified as below,

Upon receiving MAC-CE activation command indicating triggering a new semi-persistent SRS in slot n, 
· If the spatial relation associated downlink RS is known, UE shall be able to transmit a Semi-persisitent SRS with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· If the spatial relation associated downlink RS is unknown, no requirement is defined.
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