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1 Introduction

In RAN#81 meeting, the updated NR specifications after RAN1#94 meeting were endorsed. It has been agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications in RAN1#94bis meetings. There are some remaining details on beam management which need to be refined or updated in the specification. We provide our TPs on beam management related issues in this contribution.
2 Beam management

2.1 Beam indication for non-CA cases

2.1.1 PDSCH with QCL reference to AP CSI-RS

In NR, the TCI in a DCI 1_1 to schedule a PDSCH can indicate an AP CSI-RS as QCL source, and the QCL for AP CSI-RS is configured in CSI trigger states. In the following cases, the large-scale channel parameters including spatial QCL parameter delivered by AP CSI-RS can be updated dynamically.

Case 1: Update the QCL source of AP CSI-RS in DCI 0_1

As the QCL source of AP CSI-RS is configured in CSI trigger states, it can be updated via CSI request field in DCI 0_1. For example, if the following trigger states are configured, both the DCI codepoints associated with trigger state 0 and trigger state 1 can trigger AP CSI-RS 0, but with different QCL sources. The different QCL sources indicate different Rx beam for the AP CSI-RS and the corresponding PDSCH. The example shows that UE cannot know the Rx beam for the PDSCH scheduled by a DCI 1_1 before it detects the DCI 0_1 triggering the AP CSI-RS.

Table 1 Example of trigger states for AP CSI

	CSI trigger State
	Resource ID in a resource set
	QCL source in a TCI state

	Trigger State 0
	AP CSI-RS resource 0
	CSI-RS 1 for BM

	Trigger State 1
	AP CSI-RS resource 0
	CSI-RS 2 for BM


Case 2: Update the channel parameter by measuring the AP CSI-RS

There are several detailed examples for Case 2. One example is to trigger a P3 before receiving the PDSCH. Specifically, gNB triggers an AP CSI-RS resource set with repetition ON, so that UE can refine the Rx beam before receiving the PDSCH. Another example is to trigger an AP TRS before receiving the PDSCH. UE can refine the channel parameter after measuring the AP TRS and apply it on the PDSCH reception. This can be used just after BWP switch or SCell activation.

For the above cases, if TCI indicates an AP CSI-RS as QCL source, UE need some time to process another DCI or the AP CSI-RS itself before applying the channel parameter to PDSCH reception. However, the timing for this TCI indication is not clear when AP CSI-RS is used. It would cause significant issues for both gNB and UE. 

· From UE side, it may not have enough time to apply the QCL information indicated by gNB. Moreover, the AP CSI-RS can be triggered multiple times before the PDSCH, UE does not know the QCL of which occasion shall be used. 

· From gNB side, it does not know whether UE can process the information in time. Then gNB does not know when to indicate the TCI state or trigger the AP CSI-RS, as the UE behavior is not clear to it. 

For example, for the case in Fig. 1(a), the UL DCI updating the QCL information of AP CSI-RS is quite close to the target PDSCH. UE does not have time to apply the latest QCL information given in this UL DCI. gNB does not know whether it shall expect the UE to update the QCL information.
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Fig. 1 Timing issue for TCI indication with an AP CSI-RS

Due to the significant issues caused by the lack of timing for the indicated AP CSI-RS and the target PDSCH, we propose to adopt the approach given in Fig. 1(b), i.e., simply clarifying that the AP CSI-RS is the latest AP CSI-RS prior to the OFDM symbol which is S symbols before the first symbol of the scheduled PDSCH. Based on this clarification, UE can guarantee sufficient time between AP CSI-RS and PDSCH and the time between UL DCI and PDSCH. gNB knows that how to indicate TCI state and trigger the AP CSI-RS so that the QCL information can be applied, since the UE behavior is clear to gNB. Both the above Case 1 and Case 2 can work well.

For the value of S, it should fulfill the time requirement of processing the AP CSI-RS resource to derive the best Rx beam or other QCL parameters according to the above Case 2, including the Rx switch time for receiving the PDSCH if needed. It’s more appropriate to make it depend on UE capability as different types of UEs require different numbers of symbols to derive these parameters.

Proposal-1: If a TCI state for PDSCH indicates an AP CSI-RS resource as a QCL source, UE shall apply the QCL of the latest occasion of this AP CSI-RS prior to the OFDM symbol n-S, where symbol n is the first symbol of the scheduled PDSCH.

- The value of S is reported as UE capability.

2.1.2  Slot-aggregated PDSCH 

Slot aggregation is supported and described in TS38.214 as follows. When the UE is configured with aggregationFactorDL > 1, the same symbol allocation is applied across the aggregationFactorDL consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots and the PDSCH is limited to a single transmission layer. These multi-slot PDSCH is scheduled by one DCI. When the aggregated PDSCH is spanned across threshold Threshold-Sched-Offset, the part of the scheduled PDSCH has the scheduling offset less than the threshold but the other part of the scheduled PDSCH has the scheduling offset is equal or greater than the threshold. In such a case, some further clarification is necessary. 

Meanwhile we have the following agreement for single slot PDSCH, but it also should be further studied for which one of the associated slots should be used for determining TCI state during slot-aggregated PDSCH transmission 
	Agreement

The indicated TCI should be based on the candidate TCI states in the slot with the scheduled PDSCH

· Applies for single slot PDSCH


Taking into account the case of aggregated slots with less than the threshold, UE can NOT know which Tx beam is indicated before decoding DCI, and so the default beam should be kept unchanged as CORESET with lowest ID in the latest slot. Once it is across threshold, the TCI indicated QCL should be used with objective of keeping gNB scheduled flexibility. In addition, the time offset and one unified behavior, irrespective of single slot or aggregated slot PDSCH, should be specified in the spec.   The unified behavior includes that the indicated TCI should be also based on the candidate states in each of the scheduled slot of PDSCH in case of aggregated slots.
Proposal-2: Time offset toffset is defined as the time duration from the end of last symbol of PDCCH carrying the scheduling DL DCI to the beginning of the first symbol of corresponding PDSCH in each of the scheduled slots.

· The applied TCI in each of the scheduled slots of the PDSCH should be based on the candidate TCI states in the corresponding scheduled slot or TCI applied for the CORESET with lowest ID in the corresponding scheduled slot depending on whether toffset is less than a threshold Threshold-Sched-Offset.
Specifically, for the case of slot-aggregated PDSCH i.e. when the UE is configured with aggregationFactorDL > 1, 

·  toffset is defined per each of the aggregationFactorDL scheduled slots respectively.
Besides, taking into account the time domain behavior is configured for search space rather than CORESET, the default QCL assumption should depend on the CORESET with lowest ID in the latest slot, in which the search space is configured.  
TP1: The text in the paragraphs on the QCL indication for PDSCH with slot aggregation in {38.214： 5.1.5

Antenna ports quasi co-location }

	If the tci-PresentInDCI is set as 'enabled', the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP and when the PDSCH is scheduled by DCI format 1_1, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. Time offset toffset is defined as the time duration from the end of last symbol of PDCCH carrying the scheduling DL DCI to the beginning of the first symbol of corresponding PDSCH in each of the scheduled slots.  When the UE is configured with aggregationFactorDL > 1, toffset is defined per each of the aggregationFactorDL scheduled slots respectively. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if toffset is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is based on reported UE capability [12, TS 38.331]. The indicated TCI state should be based on the activated TCI states in each of the scheduled slots with the PDSCH.
For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if toffset is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs with monitored search space sets  of the serving cell are configured for the UE. If none of configured TCI states contains '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.


2.1.3  CSI-RS

In RAN1#94 meeting, we have the following agreement for QCL indication for ap-CSI-RS. In general, at least for CSI-RS for CSI acquisition, it is agreed that one default QCL assumption should be applied for the ap-CSI-RS with a shorter delay than a threshold. 

	Agreement

NW may schedule an ap-CSI-RS with a shorter delay than a threshold, and the UE applies a default QCL assumption 

· At least applies for CSI-RS for CSI acquisition 

· All CSI-RS symbols in one resource set should be below the threshold or all CSI-RS symbols in one resource set should be above the threshold

· FFS: Default QCL assumption

· FFS: Exact threshold with reference to UE capability


The aperiodic CSI-RS is triggered in DCI field, and so, like PDSCH, if the time offset between reception of the DL DCI and the first symbol of the corresponding CSI-RS is less than the threshold Threshold-Sched-Offset, the spatial QCL assumption of AP-CSI-RS is overridden by the spatial QCL assumption for PDSCH reception. But, like LTE, the other QCL parameters indicated by the TCI states applied for AP-CSI-RS can be used instead of directly following the scheduled PDSCH or PDCCH. For instance, CSI-RS resources can be carried by narrow beams which have different QCL w.r.t. average delay, delay spread, Doppler shift and Doppler spread from wide beam used for the PDCCH, i.e., CORESET with lowest ID for the perspective of robustness. 

Regarding the threshold, we have the following two types of threshold for PDSCH or ap-CSI-RS [1].

· Candidate threshold for PDSCH beam switching:  {7, 14, 28} symbols for 60 kHz SCS; {14, 28} symbols for 120 kHz SCS

· Candidate threshold for ap-CSI-RS beam switching:  {14, 28, 48, 224, 336} for both 60 kHz and 120kHz SCS

It has no doubt that the candidate value of {224, 336} is related to panel activation for ap-CSI-RS measurement, rather than normal beam switching. Consequently, if one value of {14, 28, 48} is configured for UE capability for ap-CSI-RS, the value should be applied as the threshold for beam switching for ap-CSI-RS, otherwise the UE should reuse the corresponding threshold for PDSCH.
Proposal-3: If the time offset between reception of the DL DCI and the first symbol of the corresponding CSI-RS is less than the threshold for beam switching, UE assumes that the spatial Rx parameter of AP-CSI-RS is overridden by the spatial QCL assumption for PDSCH reception but the other QCL parameters of AP-CSI-RS is still indicated by its associated aperiodic triggering state.

· If one value of {14, 28, 48} is configured for UE capability for ap-CSI-RS beam switching in FG 2-28, the value should be applied as the threshold;

· Otherwise, the UE should reuse the same threshold as for PDSCH beam switching in FG 2-2.

Taking into account the case UE activate an antenna panel in sleep mode, the large minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission, e.g.., 224 or 336 symbols, has been agreed as UE capability. However, the current candidate values of the RRC parameter aperiodicTriggeringOffset can only support 0-4 slots. Given that Rel-15 RRC spec has been frozen already, and it is not preferable to add extra entries to the RRC parameter at this time.  Considering the use case of large offsets, only one CSI-RS set for BM is required to do receive beam sweeping across multiple panels. As a straightforward solution without RRC spec change, if one value of {224, 336} is configured for UE capability for ap-CSI-RS beam switching in FG 2-28, a default resource set supporting the long triggering offset can be defined in RAN1 spec as the resource set with the maximum set ID among the ap-CSI-RS resource sets configured with the higher layer parameter Repetition.  The configured triggering offset is ignored for this default resource set.  Instead, this default resource set is triggered with a default slot offset, i.e., 16 or 24 slots corresponding to the UE capability of {224,336} symbols.  
Proposal-4: When one value of {224, 336} is reported by UE capability signaling for ap-CSI-RS beam switching in FG 2-28, UE assumes that the ap-CSI-RS resource set with the maximum set ID among the resource sets configured with higher layer parameter repetition, is triggered with a default slot offset selected from {16 slots, 24 slots} according to the capability reported by UE.
2.1.4  SRS

Based on the current 38.214 for the UL beam management as follows, the SRS resources in different SRS resource sets can be transmitted simultaneously. However, this rule seems not correct if two SRS resource sets are in different BWPs or have different time domain behavior. As shown in Figure 2, SRS resource set 0 and set 1 are periodic and aperiodic respectively. Since some resources in set 1 may have the same beam with some resources in set 0, the rule is not correct in this case. So, the rule is satisfied only when SRS resource sets for BM have the same time domain behavior in the same BWP.
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Figure 2 SRS for BM
Therefore, we provide one TP to fix this issue as follows
TP2: The text in the paragraph on the UE sounding procedure in {38.214： 6.2.1
UE sounding procedure }
	The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with 
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SRS resources (higher later parameter SRS-Resource), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', the SRS resources in different SRS resource sets within the same BWP can be transmitted simultaneously if these SRS resources have the same time domain behavior. 


2.2 Beam indication for CA cases
2.2.1 PDSCH with scheduling offset < K 

Default spatial QCL assumption is still not clear in the current spec for CA cases. The following rules can be used for CA cases.

· For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured, if the scheduling offset is less than the threshold, UE assumes the default spatial QCL assumption for PDSCH as CORESET with the lowest CORESET ID with at least one search space configured in the CC with the lowest CC ID in the latest slot.

· The latest slot is prioritized over the lowest CC ID.  This means the UE will try to find a valid CORESET with search space in the latest slot first. If multiple CCs in the latest slot have such valid CORESET, then the CORESET with the lowest CORESET ID in the lowest CC ID is used.  This rule makes sure the UE should follow the latest used QCL assumption with higher priority.   
· If PDSCH scheduled in one CC (e.g. CC1) with scheduling offset < K is collided with PDSCH scheduled in another CC (e.g. CC2) with scheduling offset >= K, the spatial Rx QCL assumption of the PDSCHCC1 reception should be overridden by that of PDSCH-CC2 which is based on the indicated TCI state.  This means the default spatial QCL assumption of one CC may change if there is PDSCH scheduled in another CC with scheduling offset >=K.   

Proposal-5: In CA cases, for both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured, if the scheduling offset of one PDSCH transmission is less than the threshold, UE assumes that the default spatial QCL assumption for PDSCH as CORESET with the lowest CORESET ID with at least one search space configured in the CC with the lowest CC ID in the latest slot with the latest slot prioritized over the lowest CC ID.  
Note that the rules in proposal 6 only apply to spatial Rx QCL parameter, the details of deriving QCL parameters other than spatial Rx parameter in CA cases can be found in our companion contribution [2].  We have the following proposal for determining QCL parameters other than spatial Rx parameter in cross-CC scheduling.

Proposal-6: When PDSCH and its scheduling PDCCH are in the different CCs, 
· If TCI field is not present in DCI, UE obtains the QCL assumptions other than QCL-TypeD from the first one of M TCI-States configured for the active BWP in which the PDSCH is scheduled. 
· If TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold Threshold-Sched-Offset, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.

2.3 MAC-CE activation/deactivation on QCL/spatial relation 
Regarding UE behavior between RRC reconfiguration and MAC-CE reactivation, it was discussed in RAN1 AH1801 and RAN1#92 but no conclusion has been reached.  It should be clarified that the TCI state(s) already activated by MAC-CE should not be affected by RRC reconfiguration of any TCI states until deactivation or re-activation MAC-CE signaling is received and applied, i.e., the content of the MAC-CE activated TCI state(s) should still be used for QCL indication of PDCCH and for the 3-bit TCI table in DCI for QCL indication of PDSCH before next MAC-CE signaling is applied. As shown in Figure 3, an example of PDCCH transmission is illustrated following the principles below:

1. Within the time duration from initial RRC configuration of TCI states for PDCCH/PDSCH to the completion of MAC activation, e.g., from t0 to t1, the SSB identified in initial access is used as the reference RS for QCL indication since no other associations are available. 

2. In case of reconfiguration, the TCI (i.e., TCI k|RS f) used before RRC reconfiguration (at t2 shown below), is still activated and can be used for QCL indication until the completion of next activation, e.g., from t1 to t3.
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Figure 3 Illustration of PDCCH transmission with configured TCI

The same issue would happen for PUCCH.  It should be also clarified that the Spatialrelationinfo already activated by MAC-CE should not be affected by RRC reconfiguration of any Spatialrelationinfo until deactivation or re-activation MAC-CE signaling is received and applied. In addition, initial spatial relation should be derived from the SS/PBCH block the UE identified during the initial access procedure.
To avoid the potential confusion on the TCI/spatial relation configuration for PDCCH/PDSCH/PUCCH, the clarification of above procedures should be captured in current spec. 

TP 3: The text in the paragraph in {38.214：5.1.5
Antenna ports quasi-colocation }
	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[image: image7.png]oI Tame.
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+1. After a UE receives initial higher layer configuration of TCI states and before reception and application of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to'QCL-TypeD'. After a UE receives higher layer re-configuration of TCI states, the UE may assume that the activated TCI state(s) configured before the re-configuration are remained activated until reception and application of next activation/deactivation command.


TP 4: The text in the paragraph in {38.213： 9.2.2
PUCCH Formats for UCI transmission} 
	A spatial setting for a PUCCH transmission is provided by higher layer parameter PUCCH-SpatialRelationInfo if the UE is configured with a single value for higher layer parameter pucch-SpatialRelationInfoId; otherwise, if the UE is provided multiple values for higher layer parameter PUCCH-SpatialRelationInfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321]. The UE applies corresponding actions in [11, TS 38.321] and a corresponding setting for a spatial domain filter to transmit PUCCH 3 msec after the slot where the UE transmits HARQ-ACK information with ACK value corresponding to a PDSCH reception providing the PUCCH-SpatialRelationInfo
-
If PUCCH-SpatialRelationInfo provides higher layer parameter ssb-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by ssb-Index for a same serving cell or, if higher layer parameter servingCellId is provided, for a serving cell indicated by servingCellId 

-
else if PUCCH-SpatialRelationInfo provides higher layer parameter csi-RS-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a CSI-RS with resource index provided by csi-RS-Index for a same serving cell or, if higher layer parameter servingCellId is provided, for a serving cell indicated by servingCellId
-
else PUCCH-SpatialRelationInfo provides higher layer parameter srs, the UE transmits the PUCCH using a same spatial domain filter as for a transmission of a SRS with resource index provided by resource for a same serving cell and/or active UL BWP or, if higher layer parameters servingCellId and/or uplinkBWP are provided, for a serving cell indicated by servingCellId and/or for an UL BWP indicated by uplinkBWP
-    After a UE receives initial higher layer configuration of Spatialrelationinfo and before reception and application of the activation command, the UE may assume that the spatial setting of PUCCH is derived from the SS/PBCH block the UE identified during the initial access procedure.
-    After a UE receives higher layer re-configuration of the values of Spatialrelationinfo, the UE may assume that the activated value of Spatialrelationinfo configured before the re-configuration are remained activated until reception and application of next activation/deactivation command.


TP 5: The text in the paragraph in {38.213：10.1
UE procedure for determining physical downlink control channel assignment } 
	If a UE has received initial configuration of more than one TCI states for PDCCH receptions by higher layer parameter 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 receptions is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure. After a UE receives higher layer re-configuration of TCI states, the UE may assume that the activated TCI state(s) configured before the re-configuration are remained activated until reception and application of next activation/deactivation command.


3 Beam recovery

3.1 Overriding of PUCCH spatial relation after gNB response 

In beam recovery procedure UE is still in RRC CONNECT mode, and consequently all higher layer parameters are still available by default even after gNB response except for the QCL configurations for PDCCH and PDSCH, which are overridden by one DL reference signal with index q_new, i.e., the new candidate beam. Considering this, we have the following agreements for alternatives for overriding of PUCCH spatial relation after gNB response in RAN1#94.
	Agreement

Downselect among the following two alternatives in RAN1#94bis

· Alt 1: K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission

· FFS: value of K

· Alt 4: K symbols after successfully receiving BFR gNB response, the transmissions of PUCCH resources for HARQ ACK/NACK feedback of a corresponding DL PDSCH scheduled from SearchSpace-BFR shall use the same spatial filter as the PRACH transmission until the UE receives a MAC-CE activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

· FFS: value of K

· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission


Straightforwardly, as mentioned in Alt-1, UE assumes that all previous configuration of higher layer parameters spatialrelationinfo for PUCCH is released, and PUCCH transmissions after gNB response should use the same spatial-domain filter as the PRACH contain beam recovery request, like initial access procedure. Also, this assumption is performed until re-configuring or re-activating PUCCH-Spatialrelationinfo.   

· Meanwhile, any subsequent PUSCH transmission can be scheduled by DCI format 0_0 as a fallback approach, due to the fact that the PUSCH should follow the spatial relation for PUCCH resource with the lowest resource ID as agreed.

Regarding Alt-4, it can be seen as one scheme of saving some configuration overhead for PUCCH, i.e., only updating for PUCCH resources for HARQ ACK/NACK feedback of a corresponding DL PDSCH scheduled by CORESET-BFR. The spatial relation for PUCCH is determined by the type of the corresponding CORESET or service rather than resource ID in Alt-4, but, in the NR framework for PUCCH, the spatial relation is only associated with resource ID regardless of types for the corresponding CORESET or service. 

· The following parts are unclear for UE behaviour in Alt-4:

· How to determine spatial relation for the new PUCCH, if the PUCCH resource for feedback corresponding to CORESET-BFR and the PUCCH resource corresponding to other CORESET(s) are merged at one given time;

· Especially for the case of the same PUCCH resource ID is used for the feedback corresponding to CORESET-BFR and the feedback corresponding to another CORESET
· How to update spatial relation for PUSCH scheduled by CORESET-BFR, taking into account that any of RRC complete signals should be contained in PUSCH.

· Especially, one or more SRS resources configured with spatial relation info can be associated with PUSCH for non-codebook or codebook transmission, which means that all of the associated SRS should be updated or not according to the spatial filter for the PRACH transmission.

If we go with Alt-4, similar to the design for dedicated CORESET for recovery, the dedicated PUCCH resources for recovery after gNB response, e.g. from resource ID 0-7 should be specified accordingly so that we can identify which resources follow the PRACH beam.
Observation-1: The spatial relation for PUCCH is determined by the type of the corresponding CORESET or service rather than resource ID in Alt-4. This is NOT aligned with NR-PUCCH framework where the spatial relation is only associated with resource ID regardless of types for the corresponding CORESET or service.
In addition, it is questionable on how much overhead saving on reconfiguration of spatial relation can be achieved in practice considering all existing downlink and uplink beams are likely to fail together given that limited number of PUCCH beams and channel reciprocity are assumed in most of the practical cases. Note that there are only two active PUCCH beams for the lowest UE capability. Taking into account the timeline for Rel-15, the solution for handling remaining issues should be as stable and robust as possible, and hence more straightforward Alt-1 should be adopted.

Proposal-7: After detecting PDCCH in a beam recovery dedicated search space for detection of a DCI format with CRC scrambled by C-RNTI, the PUCCH transmission shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo.

3.2 Clarification on DL-BWP for CSI-RS in q0 and q1 
In beam recovery, q0 can be explicitly configured with CSI-RS resource IDs or implicitly derived from CSI-RS resource IDs through the applied TCI states for PDCCH; meanwhile q1 can be configured with SS/PBCH ID or CSI-RS resource ID.  

· When CSI-RS resources are explicitly configured for q0 or q1, these CSI-RS resources does not contain DL-BWP-ID information due to the fact that the DL-BWP-ID is configured in CSI-RS resource setting level but for BFR CSI-RS resources to be monitored does not need to be associated with any one CSI-RS resource setting according to current RRC configuration framework for CSI-RS.

· When CSI-RS resources are implicitly derived for q0 through the applied TCI states for PDCCH, these CSI-RS resource may be associated with non-active BWP considering cross-BWP QCL indication. 

Therefore, we need to clarify DL-BWP information for CSI-RS in q0 and q1. The following two straightforward solutions can be considered:

· Alt-1: DL-BWP ID for CSI-RS for BFR is assumed as the same BWP ID of the active DL-BWP.
· For the case of implicitly deriving from applied TCIs, the BWP IDs for these CSI-RS resources in q0 are also determined according to the current active BWP ID (Note that CSI-RS resource is configured per cc, and only the portion of CSI-RS in the BWP with the associated BWP-ID is used for measurement).

· Note that CSI-RS resources explicitly configured for BFR does not need to be associated with any one CSI-RS resource setting.

· Alt-2: CSI-RS resources explicitly configured for BFR should be associated with one CSI-RS resource setting, in order to guarantee that the CSI-RS resources have the corresponding DL-BWP IDs.
· CSI-RS for BFR in the default BWP should be configured with default BWP ID.
· Note that the mechanism for BWP switching to the default BWP upon timer expiry is to guarantee the existence of effective CSI-RS for BFR.
Regarding Alt-1, some more analysis can be found in our companion contribution [3], taking into account that UL power control have the similar issues in general. 
Proposal-8: Regarding DL-BWP for CSI-RS in q0 and q1, down-select the following alternatives.

· Alt-1: DL-BWP ID for CSI-RS for BFR is assumed as the same BWP ID of the active DL-BWP.
· Note that for the case of implicitly deriving from applied TCIs, the BWP IDs for these CSI-RS resources in q0 are also determined according to the current active BWP ID.

· Alt-2: CSI-RS resources explicitly configured for BFR should be associated with one CSI-RS resource setting, in order to guarantee that the CSI-RS resources have the corresponding DL-BWP IDs, respectively.
· CSI-RS for BFR in the default BWP should be configured with default BWP ID.
4 Conclusion

In this contribution, we provide TPs on beam management related issues to the current NR specifications. In addition, we have the following proposals for beam measurement and reporting 
Proposal-1: If a TCI state for PDSCH indicates an AP CSI-RS resource as a QCL source, UE shall apply the QCL of the latest occasion of this AP CSI-RS prior to the OFDM symbol n-S, where symbol n is the first symbol of the scheduled PDSCH.

- The value of S is reported as UE capability.

Proposal-2: Time offset toffset is defined as the time duration from the end of last symbol of PDCCH carrying the scheduling DL DCI to the beginning of the first symbol of corresponding PDSCH in each of the scheduled slots.

· The applied TCI in each of the scheduled slots of the PDSCH should be based on the candidate TCI states in the corresponding scheduled slot or TCI applied for the CORESET with lowest ID in the corresponding scheduled slot depending on whether toffset is less than a threshold Threshold-Sched-Offset.
Proposal-3: If the time offset between reception of the DL DCI and the first symbol of the corresponding CSI-RS is less than the threshold for beam switching, UE assumes that the spatial Rx parameter of AP-CSI-RS is overridden by the spatial QCL assumption for PDSCH reception but the other QCL parameters of AP-CSI-RS is still indicated by its associated aperiodic triggering state.

· If one value of {14, 28, 48} is configured for UE capability for ap-CSI-RS beam switching in FG 2-28, the value should be applied as the threshold;

· Otherwise, the UE should reuse the same threshold as for PDSCH beam switching in FG 2-2.

Proposal-4: When one value of {224, 336} is reported by UE capability signaling for ap-CSI-RS beam switching in FG 2-28, UE assumes that the ap-CSI-RS resource set with the maximum set ID among the resource sets configured with higher layer parameter repetition, is triggered with a default slot offset selected from {16 slots, 24 slots} according to the capability reported by UE.
Proposal-5: In CA cases, for both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured, if the scheduling offset of one PDSCH transmission is less than the threshold, UE assumes that the default spatial QCL assumption for PDSCH as CORESET with the lowest CORESET ID with at least one search space configured in the CC with the lowest CC ID in the latest slot with the latest slot prioritized over the lowest CC ID.  
Proposal-6: When PDSCH and its scheduling PDCCH are in the different CCs, 
· If TCI field is not present in DCI, UE obtains the QCL assumptions other than QCL-TypeD from the first one of M TCI-States configured for the active BWP in which the PDSCH is scheduled. 
· If TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold Threshold-Sched-Offset, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Besides, we have the following proposals for beam recovery.
Observation-1: The spatial relation for PUCCH is determined by the type of the corresponding CORESET or service rather than resource ID in Alt-4. This is NOT aligned with NR-PUCCH framework where the spatial relation is only associated with resource ID regardless of types for the corresponding CORESET or service.
Proposal-7: After detecting PDCCH in a beam recovery dedicated search space for detection of a DCI format with CRC scrambled by C-RNTI, the PUCCH transmission shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo.
Proposal-8: Regarding DL-BWP for CSI-RS in q0 and q1, down-select the following alternatives.

· Alt-1: DL-BWP ID for CSI-RS for BFR is assumed as the same BWP ID of the active DL-BWP.
· Note that for the case of implicitly deriving from applied TCIs, the BWP IDs for these CSI-RS resources in q0 are also determined according to the current active BWP ID.

· Alt-2: CSI-RS resources explicitly configured for BFR should be associated with one CSI-RS resource setting, in order to guarantee that the CSI-RS resources have the corresponding DL-BWP IDs, respectively.
· CSI-RS for BFR in the default BWP should be configured with default BWP ID.
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