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1	Introduction
In this contribution we discuss some remaining issues on both UL and DL beam management
[bookmark: _Ref178064866]2	Discussion
2.1	UL beam management
2.1.1	Spatial Relation indication for PUSCH
In RAN1#92, the following two agreements were made
Agreement (RAN1#92):
· gNB should configure at least 1 SRS resource when ULTXconfig is codebook based UL transmission. No restriction on gNB’s configuration of SRS for UL scheduling by DCI format 0_0.
· If and when the SRS is triggered is up to gNB implementation

Agreement (RAN1#92):
· The minimum SRS resource for non-codebook based transmission is one for DCI format 0_1.
In other words, to support UL MIMO transmission for PUSCH scheduled by DCI format 0_1, SRS must be configured. However, according to the agreements, it is up to the gNB implementation whether or not SRS is actually transmitted. The intention behind this agreement is that while the SRS is used primarily as a proxy to indicate the antenna ports for PUSCH transmission, it is not always needed to support uplink link adaptation nor TPMI selection. A simple example is when codebook transmission is used at mmWave frequencies, and codebookSubset is configured as ‘nonCoherent.’ In this case, the TPMI selection is very simple – just antenna selection which may not require the expense of SRS transmission.
Since a spatial relation to a DL reference signal (SSB or CSI-RS) or UL reference signal (SRS) is configured as part of the SRS resource(s) associated with codebook/non-codebook UL transmission, one can say that the SRS also serves the purpose of indicating the spatial relation indirectly for PUSCH. However, a problem arises in that the spatial relation is semi-statically configured. As the UE moves, say into the coverage area of a new SSB beam, RRC reconfiguration of the spatial relation is needed. This is equivalent to saying that intra-cell mobility requires RRC involvement which is unfortunate. This is true at least for aperiodic and periodic SRS. For semi-persistent SRS, the spatial relation is indicated in the same MAC-CE message that activates the SRS resource, offering the possibility for more dynamic spatial relation indication. However, a drawback is that actual transmission of the SRS is required if the SRS is being used as a vehicle for spatial relation indication for PUSCH.
To enable dynamic spatial relation indication for PUSCH scheduled by DCI format 0_0, a very simple solution was agreed last meeting whereby PUSCH “follows” PUCCH. In other words, the spatial relation indicated by MAC-CE for PUCCH is inherited for PUSCH transmission as well. Such “one beam” operation is the most likely mode of operation at least for early deployments of 5G.
Agreement (RAN1#92b):
· For PUSCH scheduled by DCI format 0_0, the UE shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP
· Above applies for a cell configured with PUCCH
In our view this simple approach is attractive also for the case where PUSCH is scheduled by DCI format 0_1 for the case when SRS has not been triggered (ap-SRS) or activated (sp-SRS). Adopting such an approach in the standard does remove the linkage of PUSCH with SRS; in fact, SRS is still used as a proxy to indicate antenna ports for PUSCH transmission. All it does is allow dynamic spatial relation indication for the case when SRS is not actually triggered or activated. Again, this type of “one beam” operation is the most likely mode at least for early deployments of 5G. If it works for DCI format 0_0, why not for 0_1 as well? Hence we propose the following:
[bookmark: _Toc513809999]For PUSCH scheduled by DCI format 0_1 and when SRS is configured with SRS-SetUse = ‘codebook’ or ‘nonCodebook’ but the corresponding SRS is not triggered (ap-SRS) or activated (sp-SRS), the UE shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP. This applies for a cell configured with PUCCH.
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2.1.2	Spatial Relation Indication for PUCCH
Currently, in 38.331, a list of up to 8 spatial relations is configured via the L1 parameter PUCCH-SpatialRelationInfo contained within PUCCH-Config.
[bookmark: _Hlk510537907][bookmark: _Hlk508876526]PUCCH-Config ::= 						SEQUENCE {
	-- Lists for adding and releasing PUCCH resource sets (see 38.213, section 9.2)
	resourceSetToAddModList				SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSet				OPTIONAL,	-- Need N
	resourceSetToReleaseList				SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSetId			OPTIONAL,	-- Need N

	-- Lists for adding and releasing PUCCH resources applicable for the UL BWP and serving cell in which the PUCCH-Config 
	-- is defined. The resources defined herein are referred to from other parts of the configuration to determine which 
	-- resource the UE shall use for which report. 
[bookmark: _Hlk508696855]	resourceToAddModList					SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-Resource				OPTIONAL,	-- Need N
	resourceToReleaseList					SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-ResourceId				OPTIONAL,	-- Need N

…

[bookmark: _Hlk510537445]	-- Configuration of the spatial relation between a reference RS and PUCCH. Reference RS can be SSB/CSI-RS/SRS.
	-- If the list has more than one element, MAC-CE selects a single element (see 38.321, section FFS_Section).
	-- Corresponds to L1 parameter 'PUCCH-SpatialRelationInfo' (see 38.213, section FFS_Section)
	spatialRelationInfoToAddModList			SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo	OPTIONAL,	-- Need N
	spatialRelationInfoToReleaseList		SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfoId	OPTIONAL,	-- Need N
We note that the maximum number of spatial relations that may be configured is 8. MAC-CE is then used to indicate the selected spatial relation from this single list on a per-PUCCH resource basis [1]. 
To provide cell coverage, the network will in many cases transmit SS/PBCH blocks in beams, and a very natural configuration option is to configure SSB as the spatial relation for PUCCH. The idea is that all SSBs in the cell are configured in the spatial relation list, and then MAC CE is used to activate one of these spatial relations as the UE moves in the cell. However, if the network needs to configure more than 8 SS/PBCH beams to provide downlink coverage, the UE may at some point in time move out of the coverage area of the 8 SSBs included in the spatial relation list. This requires that the NW reconfigure the spatial relation list using RRC. Thus, RRC reconfigurations are required to handle mobility within the cell, which is clearly undesirable. In contrast, for PDCCH, the number of candidate TCI states is 64, which makes it possible to use SSBs as QCL references even if a large number of SS/PBCH beams is used, and avoid RRC re-configurations to support intra-cell mobility. 
To avoid having to rely on RRC reconfigurations within the cell, we simply propose: 
[bookmark: _Toc513810000]Increase the maximum number of configured spatial relations (maxNrofSpatialRelationInfos) for PUCCH to 64. Send an LS informing RAN2 of the change.
With the above proposal, MAC CE only (not RRC) can be used to handle UE mobility within the cell.
While only a single list of spatial relations is configured to a UE, MAC-CE is used to indicate the selected spatial relation from this single list on a per-PUCCH resource basis [1]. Hence, if the gNB needs to update the spatial relation for all PUCCH resources, it must send MAC-CE messages separately for every PUCCH resource. In NR, the maximum number of configured PUCCH resources is 128 (max 4 sets for ACK/NACK with 32 resources in the first set and 8 resources in sets 2-4, plus PUCCH resources for CSI feedback and SR). While the maximum number may be a corner case, a typical number may still be large. For example, even if only 2 sets are configured, with say 16 resources in the first set and 8 in the second to handle a moderate load scenario, then the MAC-CE signalling overhead may be 24 times larger than it needs to be if the same spatial relation applies to all resources. This overhead is expected to grow quickly as the load becomes larger. Since a common mode of operation will be for multiple (if not all) PUCCH resources to share the same spatial relation, it is attractive to enable signalling of a common spatial relation for the multiple resources to avoid excessive MAC-CE signalling.
As can be seen in 38.321 Section 6.1.3.18, 3 octets are used in the MAC-CE message. The 3rd octet is a bitmap that indicates which spatial relation from the list of up to 8 is activated for a particular indicated PUCCH resource. Since only a single spatial relation from the list is activated, a bitmap is not needed. Instead, 3 bits is sufficient to encode a single index with the range 0 ..7. If the number of configured spatial relations is increased to 64 as proposed above, 6 bits would be sufficient to encode a single index with range 0 .. 63.
This leaves at least 2 spare bits in the 3rd octet. To avoid excessive MAC-CE signaling, we propose that the spare bits are used to indicate that the indicated spatial relation can apply to a group (or set) of PUCCH resources (including possibly all resources). This can be done in a variety of ways, and what method to use can be further discussed. One very simple approach could be to reserve a spare bit with a default value, e.g., ‘0’, that means that the indicated spatial relation in the MAC-CE message applies to a single indicated PUCCH resource (as is the case in the current MAC-CE spec). Conversely, if the spare bit is set to ‘1,’ it indicates the indicated spatial relation applies to all configured PUCCH resources. With this simple change, excessive MAC-CE signaling may be easily avoided.
[bookmark: _Toc510643162][bookmark: _Toc510798745][bookmark: _Toc510804889][bookmark: _Toc510805638][bookmark: _Toc513810001]To avoid excessive MAC-CE signaling for PUCCH spatial relation indication, support using a spare bit in the MAC-CE message that indicates the spatial relation for PUCCH to signal whether or not the indicated spatial relation applies to only a single PUCCH resource or all configured PUCCH resources. Based on the RAN1 decision, send an LS to RAN2.

2.1.3	Cross carrier spatial relation indication for SP-SRS
In the last meeting the following agreement was made for cross-carrier spatial relation indication:
Agreement:
· Support uplink cross-carrier beam indication for PUCCH and SRS 
· Add Cell index and BWP information in SpatialRelation configuration
R1-1805739	[DRAFT] LS on UL cross carrier beam indication	Samsung
LS is endorsed in R1-1805627 with the following additional sentences: “RAN1 has agreed on cross carrier indication of spatial relations with SRS and PUCCH. For the case of SRS, changes are needed to the MAC CE message used for activating semi-persistent SRS to enable cross carrier indication. RAN1 suggests that RAN2 take this into their work.”
The LS that was sent to RAN2 indicated that for the case of semi-persistent SRS, changes are needed to the MAC-CE message that activates the sp-SRS resource to enable cross carrier spatial relation indication. Since there are a variety of solutions for this, it is quite likely that RAN2 will come back and ask for guidance on what specific changes RAN1 recommends. As a proactive measure, it is reasonable that we discuss this in RAN1 now and provide some guidance to RAN2.
Figure 1 shows the structure of the existing MAC-CE message from [1]. Since the SP-SRS resource set that is being activated is referenced by a SP SRS Resource Set ID, and this ID is local to a particular bandwidth part and serving cell, the BWP ID and Serving Cell ID to which the SP-SRS resource set “belong” are included in the MAC-CE message. In this way, the MAC-CE message can unambiguously refer to a particular SRS resource set. In other words these IDs indicate the source CC/BWP. The Resource ID fields contain the spatial relations, one per element of the activated SP-SRS resource set. The spatial relations can be an SSB, CSI-RS, or an SRS used for beam management.
[image: ]
[bookmark: _Ref513667766]Figure 1	Existing MAC-CE message for activating a semi-persistent SRS resource
What is needed for cross-carrier spatial relation indication is to include at least one target CC/BWP ID that applies to one or more of the Resource IDs that indicate the spatial relations. Several solutions are possible, and 3 possibilities are listed here:
· Alt-1 (Low overhead solution): Add one octet containing the target CC/BWP ID
· In this alternative, the same CC and BWP ID apply to all Resource IDs. This is a simple solution, and supports probably the most likely use case, i.e., all RSs used for beam management (SSB, CSI-RS, or SRS) are on a single CC/BWP, so it is necessary only to point to a single target  CC/BWP for cross-carrier indication.
· Alt-2 (High overhead solution): Add one octet per Resource ID, each containing a target CC/BWP ID + use one R bit
· In this alternative, a potentially different target CC and BWP ID applies to each Resource ID. This solution allows more flexibility, but comes at the cost of higher overhead – an extra 16 octets since the maximum number of SRS resources per set is 16.
· However, to keep some control on overhead, one of the reserved bits (R bits) could be used to indicate if the target CC/BWP IDs are present in the MAC-CE message for each Resource ID. If not present, then the UE assumes that the target CC/BWP for all Resource IDs is the same as the source CC/BWP indicated in the header of the message.
· Alt-3 (Alternative low overhead solution): Add one octet containing the target CC/BWP ID + use one R bit
· In this alternative, an attempt to at least partially unify UL and DL beam indication is made: in each Resource ID field, a TCI State ID is used instead. The UE would then use the DL RS configured with QCL-TypeD within the TCI state as the spatial relation for SP-SRS. Since a TCI State configuration already includes a target CC/BWP ID, additional octets are not needed to indicate cross-carrier spatial relation indication to a DL RS.
· However, if SRSs are needed as spatial relations instead, the Resource IDs should contain SRS IDs. One of the R bits can be used to indicate whether or not the Resource ID fields contain TCI state IDs or SRS Resource IDs. If the latter, one additional octet can be added to the MAC-CE message to carry the target CC/BWP ID that would apply to all SRS Resource IDs (like in Alt-1).
· Note: if this alternative is adopted, parallel changes should be made in the spatial relation definition for SRS within the IE spatialRelationInfo and for PUCCH within the PUCCH-SpatialRelationInfo IE. Specifically, within these IEs, there should be a CHOICE between TCI-StateId and srsResourceId. For the latter, the target CC/BWP ID needs to be included which  is required anyway according to the RAN1 agreement above on cross-carrier beam indication for SRS and PUCCH.

[bookmark: _Toc513810002]RAN1 should discuss the above 3 alternatives for modification of the MAC-CE message for activating an SP-SRS resource set such that it enables cross-carrier spatial relation indication. Based on decisions made in RAN1, an additional LS should be sent to RAN2.


2.2	Downlink beam management
2.2.1	Joint reporting on SSB and CSI-RS
In RAN1#90, it was agreed that joint L1-RSRP reporting based on a QCL’d SS/PBCH block and CSI-RS is optionally supported by the UE:
Agreements:
Support L1-RSRP reporting of measurements on SS block for beam management procedures
The following configurations for L1-RSRP reporting for beam management are supported 
SS block only (with mandatory support by UE)
CSI-RS only (with mandatory support by UE)
SS block + CSI-RS independent L1 RSRP reporting
Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

Furthermore, in 38.215 it is stated that for the computation of L1-RSRP based on an SS/PBCH block, a CSI-RS can be used in addition, if indicated by higher layers:
For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213 [5]. If SS-RSRP is not used for L1-RSRP, the additional use of CSI reference signals for SS-RSRP determination is not applicable

Configurability by the network is important, since unpredictable behaviour would result if the UE is allowed to report based on any arbitrary QCL’d SS/PBCH block and CSI-RS. The network must be able to control which combinations of SS/PBCH block and CSI-RS are used. So far the spec is not clear on how the indication to the UE should be performed. However, this is straightforward to fix.
Currently, 38.331 allows a CSI Resource Setting (CSI-ResourceConfig IE) to contain a list of resource set IDs where some IDs in the list point to CSI-RS resource sets (NZP-CSI-RS-ResourceSetId) and others point to SS/PBCH block sets (CSI-SSB-ResourceSetId). This fact alone offers an implicit mechanism to indicate to the UE whether or not joint reporting on an SS/PBCH block and CSI-RS is allowed.
	-- Contains up to maxNrofNZP-CSI-RS-ResourceSetsPerConfig resource sets if ResourceConfigType is 'aperiodic' and 1 otherwise.
	-- Corresponds to L1 parameter 'ResourceSetConfigList' (see 38.214, section 5.2.1.3.1)	
	csi-RS-ResourceSetList 	 			CHOICE {
		nzp-CSI-RS-SSB 						SEQUENCE {
			nzp-CSI-RS-ResourceSetList			SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)) OF NZP-CSI-RS-ResourceSetId OPTIONAL,
			-- List of SSB resources used for beam measurement and reporting in a resource set
			-- Corresponds to L1 parameter 'resource-config-SS-list' (see 38,214, section FFS_Section)
			csi-SSB-ResourceSetList				SEQUENCE (SIZE (1..maxNrofCSI-SSB-ResourceSetsPerConfig)) OF CSI-SSB-ResourceSetId	OPTIONAL
		},			
		csi-IM-ResourceSetList				SEQUENCE (SIZE (1..maxNrofCSI-IM-ResourceSetsPerConfig)) OF CSI-IM-ResourceSetId
	},

Based on this observation, we propose the following rule to be adopted in 38.214:
[bookmark: _Toc513810003]If a CSI-ResourceConfig is linked to a CSI-ReportConfig configured with both SS/PBCH block set(s) and CSI-RS resource set(s) and with reportQuantity set to
· [bookmark: _Toc513810004]‘cri-RSRP’
· [bookmark: _Toc513810005]The UE shall report L1-RSRP measurement(s) based only on the indicated CSI-RS resource set
· [bookmark: _Toc513810006]‘ssb-Index-RSRP’
· [bookmark: _Toc513810007]If capable, the UE may report joint L1-RSRP measurement(s) based on the indicated SS/PBCH block and CSI-RS resource sets, respectively. The UE may assume that the SS/PBCH block(s) and CSI-RS resource(s) in the indicated sets are element-wise quasi co-located with QCL-TypeD, if QCL-TypeD is applicable.
· [bookmark: _Toc513810008]If not capable of joint L1-RSRP reporting, the UE shall report L1-RSRP measurement(s) based only on the indicated SS/PBCH block set.
Note that for the case when a CSI-ResourceConfig is configured with only CSI-RS resource set(s) or only SS/PBCH block set(s), the additional cases of independent reporting of L1-RSRP in the above agreement can be achieved already without further specification.
Finally, we observe that 38.331 and 38.214 are inconsistent. While 38.331 allows a Resource Setting (CSI-ResourceConfig) to contain both SS/PBCH block set(s) and CSI-RS resource set(s), 38.214 states that SS/PBCH block(s) and CSI-RS resources may be configured to be in the same set. The latter is not allowed by 38.331. To avoid RRC impacting changes, we suggest to align 38.214 to 38.331, hence we propose
[bookmark: _Ref513735923][bookmark: _Toc513810009]Align text in Section 5.2.1.2 of 38.314 to be consistent with 38.331 with respect to the configuration of both CSI-RS resources and SS/PBCH blocks in the same Resource Setting.
A text proposal implementing this proposal is in Section 3.1.



2.2.2	MAC-CE activation of TCI states for PDSCH
In 38.214, MAC-CE is always assumed for mapping TCI states to codepoints of the TCI field in DCI. This is needed, for example, when there are a large number of TCI states configured, e.g., up to 64, since only 8 TCI states may be indicated by DCI. Clearly, a selection command is needed. However, there are scenarios where it is not necessary to configure such a large number of TCI states, e.g., for operation in FR1 when spatial QCL is not generally applicable. In such scenarios MAC-CE signalling is not needed; hence it would make sense to map the few configured TCI states directly to DCI code points. Hence we propose the following
[bookmark: _Ref513808500][bookmark: _Toc513810010]If the number of configured TCI states in PDSCH-Config is less than 8, MAC-CE is not used to associate the configured TCI states with the codepoints of the TCI field in DCI. The mapping of TCI states to DCI codepoints is 1:1 in the order that the TCI states are configured.
A text proposal implementing this proposal is contained in Section 3.2.
2.2.3	TCI states in CORESET #0
System Information Block 1 (SIB1) in NR is conveyed using PDCCH+PDSCH. The UE acquires the search space of this PDCCH from the MIB. In section 10.1 in [2], it is stated that the search space configured for SIB1 reception has search space index 0, and the corresponding CORESET has index 0. Only very limited configuration possibilities are possible: 4 bits are used to describe the CORESET and 4 bits to describe the search space, as described in section 13 in [2]. Whenever the UE needs to read SIB1, the UE uses either the search space configured by pdcch-ConfigSIB1 in the MIB or the searchSpace-SIB1 in PDCCH-ConfigCommon. Here we note that in the search space provided in the MIB, no TCI states are included:
[bookmark: _Toc513809994]In the search space provided in the MIB, no TCI states are included.
However, there is an additional complication for search space #0: for pdcch-ConfigSIB1 in the MIB, the PDCCH monitoring occasions also depend on the best SSB, even if a TCI state corresponding to another RS has been activated. To use search space #0, the NW would have to know which SSB the UE prefers to find the PDCCH monitoring occasion.
[bookmark: _Toc513809995]The monitoring occasion for search space #0 depends on which SSB the UE selects, independent of a potentially configured TCI state. 
We also note that if the NW provides searchSpace-SIB1 in PDCCH-ConfigCommon, e.g., during handover, the search space signaling format does not include the possibility to let the monitoring occasions depend on the selected SSB:
[bookmark: _Toc513809996]In the general search space definition, there is no possibility to let the monitoring occasions depend on the selected SSB.
However, the monitoring occasion is a separate complication for the network, which is essentially unrelated to the potential configuration of TCI states. 
We note that CORESET #0 is a normal CORESET: the NW may reconfigure CORESET #0 using dedicated RRC signalling. This includes the possibility to configure TCI states for CORESET #0, and the NW may subsequently activate one the configured TCI states using MAC CE:
[bookmark: _Toc513809997]Dedicated RRC signalling can be used to reconfigure CORESET #0 with, e.g., TCI states. 
Regarding CORESETs, we note that the standard only allows the network to configure three CORESETs, and the minimum UE capability is only two CORESETs. Thus, the number of CORESETs is a quite limited resource. Thus, it becomes important not to restrict the usage of CORESETs, and we propose to clarify that
[bookmark: _Toc513810011]TCI states can be configured and activated for CORESET #0.
In 38.213, Section 10.1, it is stated that the UE may assume that PDCCH DMRS is QCL with the DL RS(s) in the configured/activated TCI state. This is true also for CORESET#0 with one exception, and that is when the UE monitors Type0-PDCCH, Type0A-PDCCH or Type2-PDCCH search space sets, i.e., SIB1, OSI or paging. In this case, the following agreement from RAN1#92b implies that for receiving PDSCH scheduled by broadcast PDCCH, the UE should assume the selected SSB as the QCL reference rather than a TCI state.
Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
To clarify this, we propose
[bookmark: _Ref513809344][bookmark: _Toc513810012]Even if TCI states are configured for CORESET #0, the UE may assume that the PDCCH DMRS is QCL with the selected SSB when monitoring Type0-PDCCH, Type0A-PDCCH and Type2-PDCCH.
A text proposal implementing this proposal is provided in section 3.3.
2.3	Default QCL/Spatial Relation Assumptions
In 38.331, there are 3 cases in which a list of TCI states or spatial relations is configured:
· TCI-States – configured within PDSCH-Config
· TCI-StatesPDCCH – configured per CORESET, could be more than one list per UE
· PUCCH-SpatialRelationInfo – configured within PUCCH-Config
In all cases, when a list is configured, MAC-CE subsequently activates one or more elements from the list. Hence, there is an ambiguity period between the dedicated configuration of the list and MAC-CE activation of element(s) from that list. Of course, there is also an ambiguity period between the time when the RRC reconfiguration is sent, and the time when the RRC reconfiguration confirm is received. During the ambiguity period, the UE requires a default QCL assumption/spatial relation assumption in order to receive/transmit the data and control channels. For example, for TCI-States used for PDSCH, the following is stated in 38.214 Section 5.1.5:
The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot . After a UE receives [initial] higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are spatially quasi co-located with the SSB determined in the initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable. 
In other words, the SS/PBCH block determined during initial access is used as the default QCL assumption. Similar wording appears in 38.213 Section 10.1 for TCI-StatesPDCCH used for PDCCH. However, no such wording appears in 38.213 for PUCCH-SpatialRelationInfo for PUCCH. We also observe that the above text does not capture the ambiguity period between the time an RRC re-configuration is sent and when the RRC re-configuration confirm is received at the gNB.
In previous meetings there has been quite a lot of discussion about the amibiguity periodic and about what procedures and assumptions the UE should follow depending on if a UE is first configured with a list of TCI states/spatial relations or if a list is re-configured. We observe that typically the bulk of the dedicated configuration info for a UE is contained in the first RRCReconfiguration message after RRC connection setup is complete. Hence it is not accurate to make a distinction between an initial configuration and a re-configuration in L1 specs. Hence we propose
[bookmark: _Toc510643164][bookmark: _Toc510798747][bookmark: _Toc510804891][bookmark: _Toc510805640][bookmark: _Ref513637953][bookmark: _Ref513638177][bookmark: _Ref513642483][bookmark: _Ref513722890][bookmark: _Toc513810013]L1 specs should avoid making a distinction between an initial RRC configuration and an RRC re-configuration
The most typical scenarios where an ambiguity period occurs are associated with RRC connection establishment, synchronous RRC re-configurations (including handover) and RRC connection reestablishment. So far, there have been agreements only on the behaviour during RRC connection establishment. Notably, RRC re-configuration during handover has been completely ignored. An important observation is that in all of these cases, a random access occurs, and a sensible UE would use the SSB identified during that random access procedure as the default QCL/spatial relation assumption. Hence, in our view it is not necessary to specify UE behaviour during such ambiguity periods.
[bookmark: _Toc513809998]In most cases of RRC re-configuration, a random access occurs, and a UE would typically assume the SSB identified during the random access procedure as the default QCL/spatial relation for PDCCH/PDSCH reception and PUCCH transmission.
For this reason, and given that default behaviour is only partially specified so far, we propose the following:
[bookmark: _Ref513642378][bookmark: _Ref513722777][bookmark: _Toc513810014]During the ambiguity period between the time when an RRC re-configuration is sent and the time when a MAC-CE activation of TCI states/spatial relations for PDSCH/PDCCH/PUCCH is applied, a default QCL/spatial relation assumption does not need to be specified. Partially specified behaviour for PDCCH/PDSCH, i.e., during RRC connection establishment, should be removed from 38.213 and 38.214.
A text proposal capturing this proposal and the proposal from Section 2.2.3 is provided in Section 3.3.
3	Text Proposals
3.1 Text proposal implementing Proposal 6
>>> Text Proposal for 38.214 Section 5.2.1.2 >>>
Each CSI Resource Setting CSI-ResourceConfig contains a configuration of a list of S≥1 CSI Resource Sets (given by higher layer parameter csi-RS-ResourceSetList), where the list is comprised of references to either or both of NZP CSI-RS resource set(s) and SS/PBCH block set(s) or the list is comprised of references to CSI-IM resource set(s). with each CSI Resource Set consisting of CSI-RS resources (comprised of either NZP CSI-RS or CSI-IM) and SS/PBCH Block resources used for L1-RSRP computation. Each CSI Resource Setting is located in the DL BWP identified by the higher layer parameter bwp-Id, and all CSI Resource Settings linked to a CSI Report Setting have the same DL BWP.
>>> End Text Proposal >>>
3.2	Text proposal implementing Proposal 7
>>> Text Proposal for 38.214 Section 5.1.5 >>>
If the number of configured TCI states in PDCCH-Config is greater than 8, the The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot . If the number of configured TCI states in PDCCH-Config is less than or equal to 8, the UE shall not expect an activation command. The TCI states are mapped one-to-one to the codepoints of the DCI field 'Transmission Configuration Indication' in the order they are configured.
>>> End Text Proposal >>>
[bookmark: _Ref513642451]3.3	Text proposals implementing Proposal 9, Proposal 10 and Proposal 11
>>> Text Proposal for 38.214 Section 5.1.5 >>>
The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot . After a UE receives [initial] higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are spatially quasi co-located with the SSB determined in the initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable. 
>>> End Text Proposal >>>
[bookmark: _Hlk513715444][bookmark: _Hlk513719760]>>> Text Proposal for 38.213 Section 10.1 >>>
[bookmark: _Hlk513719454][bookmark: _Hlk513796156]If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH containing more than one TCI states but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable., and if If the UE has received a MAC CE activation command for one of the TCI states, the UE applies the activation command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command. The UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the one or more DL RS of the activated TCI state, except for reception of Type0-PDCCH, Type0A-PDCCH, and Type2-PDCCH.
If a UE has received higher layer parameter TCI-StatesPDCCH containing a single TCI state, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the one or more DL RS configured by the TCI state, except for reception of Type0-PDCCH, Type0A-PDCCH and Type2-PDCCH.
>>> End Text Proposal >>>
Conclusion
In the previous sections we made the following observations: 
Observation 1	In the search space provided in the MIB, no TCI states are included.
Observation 2	The monitoring occasion for search space #0 depends on which SSB the UE selects, independent of a potentially configured TCI state.
Observation 3	In the general search space definition, there is no possibility to let the monitoring occasions depend on the selected SSB.
Observation 4	Dedicated RRC signalling can be used to reconfigure CORESET #0 with, e.g., TCI states.
Observation 5	In most cases of RRC re-configuration, a random access occurs, and a UE would typically assume the SSB identified during the random access procedure as the default QCL/spatial relation for PDCCH/PDSCH reception and PUCCH transmission.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For PUSCH scheduled by DCI format 0_1 and when SRS is configured with SRS-SetUse = ‘codebook’ or ‘nonCodebook’ but the corresponding SRS is not triggered (ap-SRS) or activated (sp-SRS), the UE shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP. This applies for a cell configured with PUCCH.
Proposal 2	Increase the maximum number of configured spatial relations (maxNrofSpatialRelationInfos) for PUCCH to 64. Send an LS informing RAN2 of the change.
Proposal 3	To avoid excessive MAC-CE signaling for PUCCH spatial relation indication, support using a spare bit in the MAC-CE message that indicates the spatial relation for PUCCH to signal whether or not the indicated spatial relation applies to only a single PUCCH resource or all configured PUCCH resources. Based on the RAN1 decision, send an LS to RAN2.
Proposal 4	RAN1 should discuss the above 3 alternatives for modification of the MAC-CE message for activating an SP-SRS resource set such that it enables cross-carrier spatial relation indication. Based on decisions made in RAN1, an additional LS should be sent to RAN2.
Proposal 5	If a CSI-ResourceConfig is linked to a CSI-ReportConfig configured with both SS/PBCH block set(s) and CSI-RS resource set(s) and with reportQuantity set to
	‘cri-RSRP’
o	The UE shall report L1-RSRP measurement(s) based only on the indicated CSI-RS resource set
	‘ssb-Index-RSRP’
o	If capable, the UE may report joint L1-RSRP measurement(s) based on the indicated SS/PBCH block and CSI-RS resource sets, respectively. The UE may assume that the SS/PBCH block(s) and CSI-RS resource(s) in the indicated sets are element-wise quasi co-located with QCL-TypeD, if QCL-TypeD is applicable.
o	If not capable of joint L1-RSRP reporting, the UE shall report L1-RSRP measurement(s) based only on the indicated SS/PBCH block set.
Proposal 6	Align text in Section 5.2.1.2 of 38.314 to be consistent with 38.331 with respect to the configuration of both CSI-RS resources and SS/PBCH blocks in the same Resource Setting.
Proposal 7	If the number of configured TCI states in PDSCH-Config is less than 8, MAC-CE is not used to associate the configured TCI states with the codepoints of the TCI field in DCI. The mapping of TCI states to DCI codepoints is 1:1 in the order that the TCI states are configured.
Proposal 8	TCI states can be configured and activated for CORESET #0.
Proposal 9	Even if TCI states are configured for CORESET #0, the UE may assume that the PDCCH DMRS is QCL with the selected SSB when monitoring Type0-PDCCH, Type0A-PDCCH and Type2-PDCCH.
Proposal 10	L1 specs should avoid making a distinction between an initial RRC configuration and an RRC re-configuration
Proposal 11	During the ambiguity period between the time when an RRC re-configuration is sent and the time when a MAC-CE activation of TCI states/spatial relations for PDSCH/PDCCH/PUCCH is applied, a default QCL/spatial relation assumption does not need to be specified. Partially specified behaviour for PDCCH/PDSCH, i.e., during RRC connection establishment, should be removed from 38.213 and 38.214.
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