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1 Introduction
This contribution summaries discussion topic C on Rel-16 MB1, which is about remaining details on the features of the default PL RS and the MAC-CE based spatial relation update (Issue#4 and Issue#13 in R1-2001161).
2 Background and Summary of Proposal
2.1 Guaranteeing periodic PL RS in case of the default PL RS
In Rel-16, NR introduced the feature of default PL RS. In this mode of operation, the PL RS is automatically updated by a certain TCI configuration based on following agreements. More specifically, the QCL-D RS of the TCI state/QCL assumption of the CORESET with the lowest ID is used as the PL RS if at least one CORESET is configured on the BWP/CC, otherwise the QCL-D RS of the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC is used as the PL RS.
Agreement@RAN1#99
The following working assumption is confirmed with revision in red
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· Default TCI state or QCL assumption of PDSCH, i.e.,
· in case when CORESET(s) are configured on the CC, the TCI state / QCL assumption of the CORESET with the lowest ID, or
· The PL RS to be used is the QCL-TypeD RS of the same TCI state / QCL assumption of the CORESET with the lowest ID
· Note: The PL RS should be periodic RS
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least for the single TRP case
· FFS: Details on UE behavior in the absence of the activated TCI state
· FFS: Details on default spatial relation in multicarrier scenario
· FFS: Details on which RS to use for pathloss measurement
· FFS: Details on how to handle this issue in case pathloss RSs are configured

Agreement@RAN1#99
If PL RS for SRS is not configured
· When CORESET is not configured and at least 1 active TCI state is configured for PDSCH
· PL RS for SRS is the QCL-TypeD RS of the active TCI state of the lowest ID for PDSCH
· Note: The PL RS should be periodic RS.
· When CORESET is not configured and absence of active TCI state on the CC for PDSCH
· No change from Rel-15 UE behavior

The problem is that NR spec allows to use aperiodic or semi-persistent RS for the TCI state of PDCCH/PDSCH, on the other hand, it is a common understanding/assumption that the PL RS should be periodic. For this issue, OPPO proposed two alternative solutions and provided a TP for Alt2. During phase-I email discussion, there were different understanding/preference among companies on whether or not Alt1 has specification impact, which needs to be concluded as well.
· Alt1: The UE expects the gNB to configure a periodic CSI-RS resource for the QCL-TypeD for default pathloss RS.
· Alt2: If the QCL-TypeD RS in the TCI-state for default pathloss is a periodic CSI-RS resource, the UE use that QCL-TypeD RS to calculate pathloss, otherwise, the UE uses the SSB that is used to obtain MIB to calculate pathloss.

2.2 Application timing of the updated spatial relation RS when the spatial relation is updated by MAC-CE
Rel-16 introduced the feature of MAC-CE based spatial relation update for aperiodic SRS. However, there have been no agreement on the application timing of the updated spatial relation. Especially, during phase-I email discussion, ZTE provided an example, captured below, that a UE may not be able to use the updated spatial relation if the triggering DCI is received before the effective time for a MAC-CE message, which is 3ms after sending ACK for the PDSCH containing the MAC-CE.

[image: cid:00ca000191853a4c1a3ae4aa00002]
During the discussion, ZTE provided two alternative solutions (slot n is the slot sending ACK for the MAC-CE).
· Opt1: the updated spatial relation is used if the SRS triggering DCI is received after slot n+3ms 
· Opt 2: the updated spatial relation is used if the SRS is transmitted after slot n + 3ms.

3 Discussion 
Companies are encouraged to provide their views on the following questions:
Q1: For the issue of guaranteeing periodic PL RS in case of the default PL RS, 
· Alt1: The UE expects the gNB to configure a periodic CSI-RS resource for the QCL-TypeD for default pathloss RS.
· Alt1-1: Above condition needs to be captured in the spec.
· Alt1-2: Above condition does not need to be captured in the spec.
· Alt2: If the QCL-TypeD RS in the TCI-state for default pathloss is a periodic CSI-RS resource, the UE use that QCL-TypeD RS to calculate pathloss, otherwise, the UE uses the SSB that is used to obtain MIB to calculate pathloss.
Q2: When the spatial relation is updated by MAC-CE, the updated spatial relation shall be applied for the AP SRS transmission if the following condition is fulfilled
· Alt1: if the SRS triggering DCI is received after slot n+3ms 
· Alt2: if the SRS is transmitted after slot n + 3ms
· Note: slot n indicates the slot in which the UE send ACK for the PDSCH containing the MAC-CE message.

Companies’ view 
	Company name
	View

	Nokia/NSB
	Q1: Support Alt 1. It should be assumed as error case, and we are open to either alt 1-1 or 1-2
Q2: Support Alt 1.

	Apple
	Q1: Support Alt1-1. Since there is an agreement in Rel-15 that CSI-RS for pathloss measurement should be periodic, to capture this agreement is reasonable. 
Q2: Support Alt1, to have a unified solution for SRS and PUSCH.

	DOCOMO
	Q1: Support Alt 1. If we agree the restriction, we prefer to specify it to avoid miss configuration (i.e. prefer Alt 1-1).
Q2: Support Alt 1.

	Intel
	Q1: Alt 1 (Alt 1-1 or 1-2)
Q2: Alt 1

	ZTE
	Q1: Support Alt 1-1
Q2: Support Alt1. Alt 1 aligns with the framework of UL scheduling/triggering, where the UL transmission parameter shall be determined according to the time point of the triggering DCI/PDCCH. Otherwise, if going with Alt-2, UE shall experience a very tight timeline for switching Tx beam (i.e., immediately 3ms after HARQ/ACK, regardless of triggering DCI). Besides, MAC-CE based spatial relation update for AP-SRS is to overwrite/reconfigure the spatial relation parameter of one SRS resource, rather than activating its transmission, but which is the purpose of SP-SRS based MAC-CE. In order words, the SP-SRS MAC-CE is equivalent to AP-SRS MAC-CE + Triggering DCI. If we agree that the applicable time of SP-SRS is a good way, we shall adopt Alt 1 (after AP-SRS MAC-CE + Triggering DCI) rather than Alt2 (only after AP-SRS MAC-CE).
In our views, a FR2 system is TDD in general, and SRS transmission is VERY ESSENTIAL for exploiting channel reciprocity. Besides, ap-SRS shall be transmitted before it is applied for PUSCH transmission according to spec, as I mentioned last week. 

	LGE
	Q1: Support Alt1-1 for the clarification based on the Rel-15 agreement on the periodicity for pathloss measurement.
Q2: Support Alt1.

	CMCC
	Q1: Support Alt1-1 to capture the condition.
Q2: Support Alt1.

	Ericsson
	Q1: Alt1. Prefer alt 1-2, but no strong view.
Q2: Alt2, to align with SP-SRS, where the new spatial relation is applied when the MAC CE takes effect– clearly there is no DCI in that case. This is already captured in the specification, as we understand it. Also note that a very common configuration will be that the ap-SRS is never transmitted: it will just serve as a way to set the spatial relation for the PUSCH transmissions.

	CATT
	Q1: Alt.1. Either 1-1 or 1-2 is acceptable.
Q2: Alt.2.

	OPPO
	Q1: Alt1-1
Q2: prefer Alt.2

	Lenovo, Motorola Mobility
	Q1: Alt-1-1.
Q2: Alt 1.

	﻿Sony
	Q1: Support Alt 1-1.
Q2: Support Alt 1. As for Alt.2 (Ap-SRS is transmitted after n + 3ms), there could be a problematic case that the SRS triggering DCI arrives earlier than n + 3ms, resulting in UE’s misunderstanding on which Spatial Relation to apply for the triggered SRS transmission.

	Huawei/Hisilicon
	Q1: Support Alt1-1.
Q2: Support Alt2. As mentioned by Claes, similar to SP-SRS case, UE is expected to be able transmit AP-SRS with updated spatial relation, right after the application time. There is no need to introduce additional delay on this. 

	﻿MediaTek
	Q1: Support Alt 1-1
Q2: Support Alt 1

	Samsung
	Q1: Alt1-1.
1.   Specification work seems not necessary to support the operation (i.e., Alt1-2) because UE can consider the case as an error, which was also mentioned by Nokia/NSB. However, for the progress, we can accept Alt1-1.
Q2: Alt1
2.   In order to avoid a potential ambiguity as pointed out by Sony
3.   To have a unified solution for SRS and PUSCH as pointed out by Apple, ZTE
4.   To relax UE’s processing time as pointed out by ZTE

	Qualcomm
	Q1: Alt 1-1
Q2: Alt2. The updated beam should be based on SRS transmission time. It is not an issue and should have no spec impact, since it is already clear that UE shall update SRS spatial relation 3ms after ACK for MAC-CE activation command. Similarly, in R15, indicated TCI for PDSCH slot aggregation is based updated TCI at beginning of 1st PDSCH. So even R15 UE can use updated beam if the 3ms activation time is between DCI and 1st scheduled PDSCH.
 
38.214:
When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.



4 Conclusion 
[bookmark: _GoBack]From the email discussion [100e-NR-eMIMO-MB-03], the following agreements were made.

Agreement
1. When default PL RS is applied, UE expects to be configured with a periodic RS as QCL-TypeD RS for the default pathloss RS.
Agreement
The following TP is endorsed for TS38.313 editor’s CR.
	7.1.1	UE behavior
< unchanged parts omitted >
If 
-	the PUSCH transmission is scheduled by a DCI format 0_0, 
-	the UE is not provided PUCCH resources for the active UL BWP, and
-	the UE is provided enableDefaultBeamPlForPUSCH0_0 

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the scheduling cell for the serving cell
-	If 
-	the PUSCH transmission is scheduled by a DCI format 0_0, 
-	the UE is not provided a spatial setting for PUCCH resources on the active UL BWP of the primary cell [11, TS 38.321], and
-	the UE is provided enableDefaultBeamPlForPUSCH0_0 

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell
-	For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included in ConfiguredGrantConfig, a RS resource index [image: ] is provided by a value of pathlossReferenceIndex included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell [image: ] or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking
< unchanged parts omitted >
7.2.1	UE behavior
< unchanged parts omitted >
-	If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
-	is provided enableDefaultBeamPlForPUCCH 

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell
< unchanged parts omitted >
7.3.1	UE behavior
< unchanged parts omitted >
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPlForSRS 

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in
-	the TCI state or the QCL assumption of a CORESET with the lowest index, if CORESETs are provided in the active DL BWP
-	the active PDSCH TCI state with lowest ID [6, TS 38.214], if CORESETs are not provided in the active DL BWP
-	For the SRS power control adjustment state for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and SRS transmission occasion [image: ]



Appendix A. Proposals from tdocs
< OPPO >
Proposal 1: For default pathloss RS for PUSCH, PUCCH and SRS, support one of the following two solutions:
· Alt 1: The UE expects the gNB to configure a periodic CSI-RS resource for the QCL-TypeD for default pathloss RS.
· Alt 2: If the QCL-TypeD RS in the TCI-state for default pathloss is a periodic CSI-RS resource, the UE use that QCL-TypeD RS to calculate pathloss, otherwise, the UE uses the SSB that is used to obtain MIB to calculate pathloss.
The following table provides corresponding text proposal for the Alt2 in Proposal 1:
	TS 38.213.g00
7.1.1	UE behavior
<omitted text>
-	If 
-	the PUSCH transmission is scheduled by a DCI format 0_0, 
-	the UE is not provided PUCCH resources for the active UL BWP, and
-	the UE is provided enableDefaultBeamPlForPUSCH0_0 


      the UE determines a RS resource index  providing a RS resource with ‘QCL-TypeD’ in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the scheduling cell for the serving cell if the RS resource is a periodic RS, otherwise, the UE calculates  using a RS resource from the SS/PBCH block that the UE uses to obtain MIB.
- If 
-	the PUSCH transmission is scheduled by a DCI format 0_0, 
-	the UE is not provided a spatial setting for PUCCH resources on the active UL BWP of the primary cell [11, TS 38.321], and
-	the UE is provided enableDefaultBeamPlForPUSCH0_0 


     the UE determines a RS resource index  providing a RS resource with ‘QCL-TypeD’ in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell if the RS resource is a periodic RS, otherwise, the UE calculates  using a RS resource from the SS/PBCH block that the UE uses to obtain MIB.
<omitted text>
7.2.1	UE behaviour
<omitted text>
-	If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
-	is provided enableDefaultBeamPlForPUCCH 


the UE determines a RS resource index  providing a RS resource with ‘QCL-TypeD’ in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell if the RS resource is a periodic RS, otherwise, the UE calculates  using a RS resource from the SS/PBCH block that the UE uses to obtain MIB.

-	The parameter  is a value of deltaF-PUCCH-f0 for PUCCH format 0, deltaF-PUCCH-f1 for PUCCH format 1, deltaF-PUCCH-f2 for PUCCH format 2, deltaF-PUCCH-f3 for PUCCH format 3, and deltaF-PUCCH-f4 for PUCCH format 4, if provided; otherwise .
<omitted text>
7.3.1	UE behaviour
<omitted text>
-	If the UE is provided pathlossReferenceLinking, the RS resource is on a serving cell indicated by a value of pathlossReferenceLinking 
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPlForSRS 

the UE determines a RS resource index  providing a RS resource with ‘QCL-TypeD’ in
-	the TCI state or the QCL assumption of a CORESET with the lowest index, if CORESETs are provided in the active DL BWP
-	the active PDSCH TCI state with lowest ID [6, TS 38.214], if CORESETs are not provided in the active DL BWP

                if the RS resource is a periodic RS, otherwise, the UE calculates  using a RS resource               
                from the SS/PBCH block that the UE uses to obtain MIB
<omitted text>




< ZTE >

Proposal-1: When an AP-SRS resource is triggered by a DCI command at the slot n, the valid spatial relation corresponding to the SRS resource at the slot n is applied to the SRS transmission.
Consequently, we have the following text proposals.
TP1: {38.214: 6.2.1	UE sounding procedure}
	For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
 <Unchanged part omitted>
-	when a UE receives an spatial relation update command, as described in clause 6.1.3.xx of [10, TS 38.321], for an SRS resource, and when the HARQ-ACK corresponding to the PDSCH carrying the update command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on updating spatial relation for the SRS resource shall be applied for SRS transmission triggered by a DCI which is received no earlier than starting from the first slot that is after slot The update command contains spatial relation assumptions provided by a list of references to reference signal IDs, one per element of the updated SRS resource set. Each ID in the list refers to a reference SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell ID field in the update command if present, same serving cell as the SRS resource set otherwise, or SRS resource configured on serving cell and uplink bandwidth part indicated by Resource Serving Cell ID field and Resource BWP ID field in the update command if present, same serving cell and bandwidth part as the SRS resource set otherwise.] When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching', the UE shall not expect to be configured with different spatial relations for SRS resources in the same SRS resource set.
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