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Introduction
In this contribution we discuss several open issues for beam management, including uplink beam indication which has not received enough attention over the course of Rel-15 discussions.
[bookmark: _Ref178064866]Discussion
Uplink Beam Indication
Spatial Relation Indication for PUCCH
Currently, in 38.331 [1], 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
While only a single list 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 [2]. Hence, if the gNB needs to update the spatial relation for all PUCCH resources, it must send MAC-CE messages separately for each 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.
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. This leaves 5 spare bits in the 3rd octet. To avoid excessive MAC-CE signalling, 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 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. Conversely, if the spare bit is set to ‘1,’ it indicates the indicated spatial relation applies to all configured PUCCH resources. Another approach could be to reserve multiple spare bits to indicate to which PUCCH resource group (or set) the indicated spatial relation applies. Again a default value, e.g., all-zeros, could be used to mean that the indicated spatial relation applies only to a single indicated PUCCH resource.
[bookmark: _Toc510643162][bookmark: _Toc510798745][bookmark: _Toc510804889][bookmark: _Toc510805638]In the MAC-CE message that indicates the spatial relation for a PUCCH resource, support using spare bits or bit values to signal whether or not the indicated spatial relation applies to only a single PUCCH resource or a group/set of resources. Based on RAN1 decision, send an LS to RAN2.
Spatial Relation Indication for PUSCH
As agreed previously, for both codebook and non-codebook-based UL transmission, only a single set of SRS resources may be configured. Furthermore, as shown in Agreements #1 and #2 in the Appendix, at least one SRS resource must be configured within the set, even if the SRS resource(s) are not triggered. For the case of codebook-based UL transmission, this requirement holds even for the case of single-port SRS resource(s) as described in 38.214 Section 6.1.1.1 [3].
If PUSCH is scheduled by DCI format 0_1, then the SRI field in DCI indicates a selection of SRS resource(s) from the configured SRS set, which in turn selects which PUSCH layers are transmitted. The UE may be further configured with the IE SRS-SpatialRelationInfo for each resource in the set to support beam management. The spatial relation “points” to either a DL RS (SS/PBCH block or CSI-RS) or an UL RS (SRS) which can be used by the UE to adapt its spatial transmit filter for PUSCH transmission.
It is important to emphasize that the spatial relation for SRS is RRC configured. The specification does not allow dynamic spatial relation indication for SRS, e.g., either by DCI or MAC-CE for the case of periodic or aperiodic SRS. We note that the specification does support dynamic spatial relation indication for the case of semi-persistent (sp)-SRS in the same MAC-CE message that activates a set of sp-SRS resources [3]. However, it has been agreed that sp-SRS is optional from a UE capability perspective [4]. This means that for many UEs – if not all – the spatial relation for the configured SRS resource(s) can only be updated by RRC as the UE moves. Clearly frequent RRC re-configurations to support intra-cell mobility is highly undesirable.
To solve this, some form of dynamic spatial relation indication for PUSCH is needed. Some companies have proposed adopting a similar TCI framework as used for the downlink (PDSCH/PDCCH). In our view, this requires a large change to the specs, including RRC. Another approach that has been proposed is that for PUSCH, the UE may assume that the spatial relation is given by the same DL RS that is contained in the TCI state that the UE assumes for the PDCCH that carriers the UL grant. Since the TCI state for PDCCH is indicated by MAC-CE, dynamic spatial relation indication for PUSCH is achieved. This approach may be attractive and is suitable for UEs that support beam correspondence.
A somewhat cleaner, while still simple, approach is that PUSCH may “inherit” the spatial relation that is indicated dynamically via MAC-CE for PUCCH. In this way, PUSCH and PUCCH use the same beam which is a likely mode of operation, especially for UE implementations in the first release of NR. This was discussed in the previous meeting, and questions were raised about which PUCCH resource should be used as a reference. This can be further discussed; however, a simple approach could be to configure a fixed reference PUCCH resource, e.g., PUCCH index 0, or maybe 127 (max PUCCH resource ID) that can be used for the purposes of spatial relation indication via MAC-CE.
In order to not preclude the already supported RRC-based indication approach based on SRS-SpatialRelationInfo, the dynamic MAC-CE based indication approach based on PUCCH-SpatialRelationInfo can be used when SRI is NOT present in the DCI that schedules PUSCH. This occurs for DCI format 0_0, but also for DCI format 0_1 when only a single SRS resource is configured. In this way, the presence/absence of SRI is used to differentiate the two different approaches.  Hence, we propose the following:
[bookmark: _Toc510643163][bookmark: _Hlk510607559][bookmark: _Toc510798746][bookmark: _Toc510804890][bookmark: _Toc510805639]When the SRI field is absent from the DCI that schedules PUSCH (DCI format 0_0 or DCI format 0_1 when only a single SRS resource configured), the spatial relation for PUSCH is given by the MAC-CE activated spatial relation for fixed reference PUCCH resource. FFS: Which PUCCH resource index, e.g., 0 or 127.
[bookmark: _Hlk510607579]We recognize that other alternatives may exist for differentiating between the RRC vs. MAC-CE based indication approaches, and such alternatives can be further discussed. For example, if the parameter SRS-SetUse is configured as either ‘codebook’ or ‘noncodebook’ and SRS-SpatialRelationInfo is NOT configured for any resource in the set, then this could be used as an alternative way to inform the UE to make use of the MAC-CE activated spatial relation for the fixed reference PUCCH resource.
Default QCL/Spatial Relations
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. During this 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, it is stated in 38.214 Section 5.1.5 that the “… 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 …” 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.
In previous meetings there has been quite a lot of discussion 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. In practice, however, 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 wrong to make a distinction between an initial configuration and a re-configuration in L1 specs. Hence, we propose the following:
[bookmark: _Toc510643164][bookmark: _Toc510798747][bookmark: _Toc510804891][bookmark: _Toc510805640]L1 specs should avoid making a distinction between an initial RRC configuration and an RRC re-configuration
[bookmark: _Toc510643171]>>> Text proposal for 38.214 Section 5.1.5 >>>
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.
[bookmark: _Toc510643172]>>> End text proposal >>>
Even so, there is still a need to specify the default QCL/spatial relation assumptions between an RRC re-configuration and subsequent MAC-CE activation. As discussed in previous meetings, the SS/PBCH block determined during initial access may not always be the best default, since it can become out of date as the UE moves. Two distinct cases need to be considered for establishing a default:
· Case 1: Synchronous RRC re-configuration 
· In this case, a random access is associated with the RRC re-configuration. The UE performs a random access just after receiving an RRC re-configuration message which informs the gNB that the RRC re-configuration message was received and applied. The RRC re-configuration adds/modifies/releases TCI states/spatial relations depending on how the serving cell wishes to modify the RRC connection. One sub-case of RRC reconfiguration with sync is during handover, in which case the RRC reconfiguration IE includes a mobility control IE. Furthermore, the target cell prepares the RRC reconfiguration, despite that it is actually delivered to the UE by the serving cell (see further discussion below).
· It is clear that in this case, the SS/PBCH block identified during the random access is an appropriate default QCL/spatial relation assumption to use between RRC re-configuration and subsequent MAC-CE activation. We note that this is not limited to the SS/PBCH block identified during initial access, as is currently specified in 38.214 and 38.213.
· Case 2: RRC re-configuration without sync
· In this case, a random access may or may not have been performed just prior to the RRC re-configuration. Two sub-cases can be identified
1. First RRC re-configuration after RRC connection establishment: The UE performs a random access during RRC connection establishment prior to receiving the RRC re-configuration in which TCI states/spatial relations are first configured. In this case, the SS/PBCH block identified during the most recent random access (in this case the initial access) is an appropriate default QCL/spatial relation assumption to use between RRC re-configuration and subsequent MAC-CE activation.
2. Subsequent RRC re-configuration: In this case, the SS/PBCH block identified during the most recent random access may be out of date, and may not be an appropriate default. In this case, it makes sense that a previously activated TCI state/spatial relation should be used as the default until the next MAC-CE activation message is received.
Also in beam recovery, the UE performs a random access based on an identified SS/PBCH block. It then makes sense that whatever TCI state(s)/spatial relations were activated prior to beam failure should be deactivated implicitly, thus a subsequent MAC-CE is needed to re-activate appropriate TCI states/spatial relations. In [5], we provide text proposals to clarify this. Again, the SS/PBCH block identified during BFR is an appropriate default QCL/spatial relation assumption to use until subsequent MAC-CE activation.
Default Spatial Relation for PUCCH
As mentioned previously, 38.213 is missing specification of a default spatial relation for PUCCH. Based on the discussion in the previous section, we make the following simple proposal which takes into account both Case 1 and Case 2 in a unified manner, without needing to make a distinction between a first RRC re-configuration and a subsequent RRC re-configuration.
[bookmark: _Toc510643165][bookmark: _Toc510798748][bookmark: _Toc510804892][bookmark: _Toc510805641]For a given PUCCH resource, after either an RRC re-configuration of PUCCH-SpatialRelationInfo or a beam failure recovery, and prior to MAC-CE activation of one of the spatial relations in PUCCH-SpatialRelationInfo, the UE may assume a default spatial relation for PUCCH transmission. The default spatial relation is given by either (1) the SS/PBCH block determined in the most recent random access, or (2) the most recent MAC-CE activated spatial relation for the PUCCH resource, whichever is more recent.
There was quite a lot of discussion in the previous meeting about what happens if an additional PUCCH resource is configured after the SS/PBCH block determined during initial access has become out of date, e.g., due to UE movement. In our view, it is not necessary to specify such a case as it can be handled by implementation. If a new PUCCH resource is configured, the gNB can ensure that this resource is not used until MAC-CE activates the spatial relation for this PUCCH resource. Alternatively, the gNB can use a synchronous RRC re-configuration to configure the new PUCCH resource. In this case, the SSB/PBCH determined during the random access associated with the synchronous RRC re-configuration can be used as the default spatial relation.
There was also quite a lot of discussion in the previous meeting about sorting the list of spatial relations in PUCCH-SpatialRelationInfo, such that the UE is able to use the first entry in the list as the default. It is unclear what extra benefit this brings given that the above proposal clearly spells out what default the UE should assume. Moreover, it is not clear that this approach would work in all cases:
· In a handover, the UE is provided with the PUCCH configuration in the handover command. This handover command is assembled in the target cell, and then transmitted from the source cell to the UE. The first thing the UE does in the target cell is to perform a random access. When doing this, the UE chooses any suitable SS/PBCH block, and determines the PRACH resource based on that selection. The UE will transmit msg1 and msg3 relative to that selected SS/PBCH block. The UE will also use it as QCL reference for msg2 and msg4 transmitted from the target cell. The information about which SS/PBCH block the UE will use in the random access procedure towards the target cell is not known in the NW when the handover command is assembled. That information is not available in the target, nor in the source cell. Hence, it is impossible for the NW to predict the PUCCH spatial relation before the UE accesses the target cell: any such prediction may be outdated once the UE accesses the target cell. That information resides in the UE only. Only after random access can the NW activate the correct spatial relation. For these reasons, it is not possible for either the target or source cell to sort the list of spatial relations in PUCCH-SpatialRelationInfo such that the first entry is the default.
· Within PUCCH-Config, PUCCH-SpatialRelationInfo actually consists of two lists: one for Add/Modify, and another one for Release. The UE maintains these two lists based on what spatial relations are added/modified/released during an RRC re-configuration. Hence, the meaning of the “first entry in the list” is not clear.

Default TCI State for PDCCH
For PDCCH, similar arguments as above can be used to establish a default. We propose the following:
[bookmark: _Toc510643166][bookmark: _Toc510798749][bookmark: _Toc510804893][bookmark: _Toc510805642]For a given CORESET, after either an RRC re-configuration of TCI-StatesPDCCH or beam failure recovery, and prior to MAC-CE activation of one of the TCI states in TCI-StatesPDCCH, the UE may assume a default QCL reference for PDCCH reception. The default is given by either (1) the SS/PBCH block determined in the most recent random access, or (2) the most recent MAC-CE activated TCI state for the CORESET, whichever is more recent.
There was quite a lot of discussion in the previous meeting about what happens if an additional CORESET is  configured after the SS/PBCH block determined during initial access has become out of date, e.g., due to UE movement. In our view, it is not necessary to specify such a case as again, it can be handled by implementation. If a new CORESET is configured, the gNB would not transmit a PDCCH where the search space is associated with this CORESET until MAC-CE activates a TCI state for this CORESET.
Furthermore, there was also quite a lot of discussion about sorting the list of TCI states TCI-StatesPDCCH, such that the UE can always use the first entry as the default. Our view is that this is not necessary based on the same arguments as discussed in the previous section for PUCCH.
Default TCI State(s) for PDSCH
For PDSCH, similar arguments as the previous section apply, hence we propose:
[bookmark: _Toc510643167][bookmark: _Toc510798750][bookmark: _Toc510804894][bookmark: _Toc510805643]After either an RRC re-configuration of TCI-States or beam failure recovery, and prior to MAC-CE activation of the TCI state(s) in TCI-States, the UE may assume a set of default QCL references for PDSCH reception. The set of defaults is given by either (1) the single SS/PBCH block determined in the most recent random access, or (2) the most recent MAC-CE activated TCI state(s), whichever is/are more recent.
In a practical scenario, however, if there is ambiguity after an RRC re-configuration, the gNB may not rely on that the UE is assuming previously activated TCI state(s). Instead, it could use fallback DCI (format 1_0) to schedule PDSCH before the ambiguity period is resolved. Alternatively, it could perform a synchronous re-configuration, in which case the SSB/PBCH block determined during random access becomes the default QCL assumption.
A further aspect that has not been discussed is that DCI format 1_0 (fallback DCI) does not contain a TCI field. Hence, it is unclear in specifications what QCL assumption the UE should make for PDSCH when scheduled with this DCI format. In this case it makes sense that the PDSCH should make the same QCL assumption for PDSCH as for the scheduling PDCCH. Hence we propose:
[bookmark: _Toc510643168][bookmark: _Ref510797024][bookmark: _Toc510798751][bookmark: _Toc510804895][bookmark: _Toc510805644]For PDSCH scheduled by DCI format 1_0, the UE shall make the same QCL assumptions for PDSCH as it does for reception of the scheduling PDCCH.
Another case in which TCI states may be undefined is for the case when a UE is scheduled PDSCH with a scheduling offset less than a threshold given by UE capability. In 38.214 Section 5.1.5 it is stated that “… the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.” However, if the CORESET with the lowest ID is not configured with TCI-StatesPDCCH (e.g., CORESET 0) then the UE behaviour is unclear. To resolve this we propose:
[bookmark: _Toc510643169][bookmark: _Ref510796834][bookmark: _Toc510798752][bookmark: _Toc510804896][bookmark: _Toc510805645]Clarify that the default QCL assumption for PDSCH based on the CORESET with the lowest CORESET-ID should be one in which there are configured TCI states.
A text proposal implementing Proposal 8 is as follows:
>>> Text proposal for 38.214 Section 5.1.5 >>>
[bookmark: _Hlk497994280][bookmark: _Hlk498002628][bookmark: _Hlk500790716]If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is based on UE capability. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID for which TCI-StatesPDCCH is configured in the latest slot in which one or more CORESETs are configured for the UE. If all configured TCI states do not contain ‘QCL-TypeD’, the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.
>>> End text proposal >>>
Default QCL Assumptions for Aperiodic CSI-RS
To perform measurements on aperiodic CSI-RS, the UE applies a QCL assumption of the CSI-RS resources in the scheduled CSI-RS resource set. Before decoding the DCI, the UE does not know that it will be performing a measurement on aperiodic CSI-RS, it does not know the CSI-RS resource set it will use, and it will not know the QCL properties of the CSI-RS resources in the set. 
This leads to a problem when the UE is equipped with an analog beamformer and needs to make a spatial QCL assumption to perform the measurements. The UE would have to decode the DCI and then adjust its beamformer before it can perform the measurement on the CSI-RS. This procedure takes time.
To handle the delay of DCI decoding and beamformer adjustment, a configurable scheduling offset k was introduced for aperiodic CSI-RS with a value range up to 4 slots. The NW would then configure a sufficiently large scheduling delay, which enables the UE to perform the measurement using the correct spatial QCL assumption. The idea is that the required delay would be a UE capability (kmin), to let the NW know a suitable value for the scheduling delay.
Currently, the standard does not specify what QCL assumptions the UE should make if it is scheduled an aperiodic CSI-RS with a scheduling delay which is smaller than kmin. This is in contrast to the corresponding case for PDSCH scheduling where such behaviour is specified. A corresponding clarification is needed also for aperiodic CSI-RS. This relates both to when the aperiodic CSI-RS is used for reporting CSI and reporting RSRP.
It should be noted that the UE would have QCL assumptions for the slot where the aperiodic CSI-RS would be transmitted. Since the UE would not have time to decode the DCI and update these assumptions, the only viable option is that the UE would keep these current QCL assumptions for the slot where the aperiodic CSI-RSs are transmitted. 
For the case when the aperiodic CSI-RS is transmitted in the PDSCH region, we propose 
[bookmark: _Ref506188340][bookmark: _Toc506201568][bookmark: _Toc506203702][bookmark: _Toc506218098][bookmark: _Toc506277013][bookmark: _Toc506277155][bookmark: _Toc506360470][bookmark: _Toc506553870][bookmark: _Toc506579620][bookmark: _Toc510643170][bookmark: _Toc510798753][bookmark: _Toc510804897][bookmark: _Toc510805646]When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay of the UE, the UE may obtain QCL assumptions for an aperiodic CSI-RS transmitted in the PDSCH region from a default TCI state, where the default TCI state corresponds to the TCI state used for PDSCH QCL indication in the slot where the measurement is performed.

Essentially, Proposal 4 means that the UE would use the same Rx beam as it already prepared for the reception in the corresponding OFDM symbols.

Beam Measurement/Reporting
The UE can be configured to report L1-RSRP based on SSB by setting reportQuantity to ssb-Index-RSRP. The corresponding SS-RSRP measurement is defined in section 5.1.1 of [6]. The SS-RSRP measurement definition states that the UE may, if indicated by higher layers, use CSI reference signals to determine the linear average over the power contributions (in [W]) of the REs that carry SSS. Since there is no higher layer signalling specifically designed for this purpose, it has been proposed that the UE would rely on QCL relations to determine which CSI-RS to use to “boost” the SSS estimation. However, with the defined QCL associations, there is in general no relation between the received power of the SSS and any CSI-RS: even if there is a type D QCL relation between an SSB and an CSI-RS, there is nothing that says that the SSB and the CSI-RS are transmitted in the same beam. Without knowledge of the difference in antenna gains of the two beams, there is no way the UE could use the measurement on CSI-RS REs to estimate the RSRP in the SSS REs:
[bookmark: _Ref510808401]Without knowledge of the difference in antenna gain of the CSI-RS and the SSB, the UE cannot use measurements on CSI-RS REs to estimate the SS-RSRP in SSS REs.
Thus, it is not possible to use the CSI-RS REs to estimate the RSRP in the SSS REs in the general case, as indicated in section 5.1.1 of [6]. In contrast, the UE may very well use the PBCH DMRS to estimate the SSS REs, since the PBCH and the SSS are transmitted over the same antenna port, and this possibility is also explicitly mentioned in the SS-RSRP definition.
Another principle which is relevant when discussing the measurement definition in [6] is that the UE is free to use any measurements it likes as long as the RAN4 requirements are fulfilled. The explicit mentioning of CSI-RS in the SS-RSRP definition however indicates that it is indeed possible. As noted in Observation 1, this is not possible in general, so the work in RAN4 would have to focus on defining tests to make it impossible to use CSI-RS, which is not productive. Therefore, we propose
[bookmark: _Toc510798754][bookmark: _Toc510804898][bookmark: _Toc510805647]Remove the explicit mentioning of CSI-RS in the definition of SS-RSRP. 
>>> Start text proposal for 38.215 Section 5.1.1 >>>
	Definition
	SS reference signal received power (SS -RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals (SS). The measurement time resource(s) for SS-RSRP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration. If SS-RSRP is used for L1-RSRP as configured by reporting configurations as defined in 3GPP TS 38.214 [6], the measurement time resources(s) restriction by SMTC window duration is not applicable.

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.

SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity. 

If SS-RSRP is not used for L1-RSRP and higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.

	Applicable for
	If SS-RSRP is used for L1-RSRP,
RRC_CONNECTED intra-frequency.

Otherwise,
RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



>>> End text proposal for 38.215 Section 5.1.1 >>>
On TCI States of CORESET #0
System Information Block 1 (SIB1) in NR is conveyed using PDCCH+PDSCH. The UE acquires the search space and CORESET of this PDCCH from the MIB. In section 10.1 in [7], 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 [7]. We note in particular that in CORESET #0 does not have any TCI states:
The CORESET #0 configuration conveyed in MIB does not have any TCI states.
Also in CONNECTED mode, the UE would use CORESET #0 every time it reads SIB1. A suitable QCL assumption to use CORESET #0 to read SIB1 would be the best SSB:
A suitable QCL assumption for CORESET #0 would be the best SSB, since SIB1 is duplicated in all SSB beams.
The NW cannot override the configuration of CORESET #0 provided in MIB, since the UE can always reread the configuration in MIB. Hence, the configuration possibilities of CORESET #0 are very limited: the length and frequency allocation of the CORESET cannot be updated.
It is currently possible to configure and activate TCI states for CORESET #0, but the NW would always have to assure that it points to the best SSB. The flexibility achievable by the TCI framework is thus useless for CORESET #0: the exact same performance could be achieved if the UE autonomously finds the best SSB and uses that as QCL reference. We even realize that there is no point to configure and activate TCI states for CORESET #0. Hence, we propose
[bookmark: _Toc510798755][bookmark: _Toc510804899][bookmark: _Toc510805648]No TCI states can be configured for CORESET #0. The UE uses the best SSB as QCL reference for CORESET #0.
Conclusions
In this paper, we make the following proposals:
[bookmark: _GoBack]Proposal 1	In the MAC-CE message that indicates the spatial relation for a PUCCH resource, support using spare bits or bit values to signal whether or not the indicated spatial relation applies to only a single PUCCH resource or a group/set of resources. Based on RAN1 decision, send an LS to RAN2.
Proposal 2	When the SRI field is absent from the DCI that schedules PUSCH (DCI format 0_0 or DCI format 0_1 when only a single SRS resource configured), the spatial relation for PUSCH is given by the MAC-CE activated spatial relation for fixed reference PUCCH resource. FFS: Which PUCCH resource index, e.g., 0 or 127.
Proposal 3	L1 specs should avoid making a distinction between an initial RRC configuration and an RRC re-configuration
Proposal 4	For a given PUCCH resource, after either an RRC re-configuration of PUCCH-SpatialRelationInfo or a beam failure recovery, and prior to MAC-CE activation of one of the spatial relations in PUCCH-SpatialRelationInfo, the UE may assume a default spatial relation for PUCCH transmission. The default spatial relation is given by either (1) the SS/PBCH block determined in the most recent random access, or (2) the most recent MAC-CE activated spatial relation for the PUCCH resource, whichever is more recent.
Proposal 5	For a given CORESET, after either an RRC re-configuration of TCI-StatesPDCCH or beam failure recovery, and prior to MAC-CE activation of one of the TCI states in TCI-StatesPDCCH, the UE may assume a default QCL reference for PDCCH reception. The default is given by either (1) the SS/PBCH block determined in the most recent random access, or (2) the most recent MAC-CE activated TCI state for the CORESET, whichever is more recent.
Proposal 6	After either an RRC re-configuration of TCI-States or beam failure recovery, and prior to MAC-CE activation of the TCI state(s) in TCI-States, the UE may assume a set of default QCL references for PDSCH reception. The set of defaults is given by either (1) the single SS/PBCH block determined in the most recent random access, or (2) the most recent MAC-CE activated TCI state(s), whichever is/are more recent.
Proposal 7	For PDSCH scheduled by DCI format 1_0, the UE shall make the same QCL assumptions for PDSCH as it does for reception of the scheduling PDCCH.
Proposal 8	Clarify that the default QCL assumption for PDSCH based on the CORESET with the lowest CORESET-ID should be one in which there are configured TCI states.
Proposal 9	When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay of the UE, the UE may obtain QCL assumptions for an aperiodic CSI-RS transmitted in the PDSCH region from a default TCI state, where the default TCI state corresponds to the TCI state used for PDSCH QCL indication in the slot where the measurement is performed.
Proposal 10	Remove the explicit mentioning of CSI-RS in the definition of SS-RSRP.
Proposal 11	No TCI states can be configured for CORESET #0. The UE uses the best SSB as QCL reference for CORESET #0.
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Appendix: Agreements from Prior Meetings
Agreement #1 (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 #2 (RAN1#92):
The minimum SRS resource for non-codebook based transmission is one for DCI format 0_1. 
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