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In this contribution we discuss several remaining issues on beam management and beam failure recovery and provide corresponding text proposals.
[bookmark: _GoBack]
Remaining issues on beam management
Text proposal #1
According to [1], there is a UE feature 2-27 called ‘Beam switching’. With this UE feature, a UE informs gNB about the supported ‘maximum number of Tx + Rx beam changes a UE can conduct during a slot across the whole band CC’. How the gNB should interpret this UE capability reporting and then have proper configurations not exceeding UE capability are still unclear. It is suggested to capture this restriction in TS38.214 as follows and then take this as a starting point for further discussions. 
-------------------------------------------Start of Text Proposal TS38.214 Section 5.1.5-----------------------------------------
< Unchanged parts are omitted >
UE is not expected to be configured with a number of changes of spatial domain filter within a slot that is larger than the UE capability reported in maxNumberRxTxBeamSwitchDL.
< Unchanged parts are omitted >
------------------------------------------End of Text Proposal TS8.214 Section 5.1.5------------------------------------------
In our views, at least the following questions should be clarified:
1. When a SSB is configured for L1-RSRP measurement, should gNB assume UE will always perform 4 Rx beam sweeping within the SSB?
2. When a CSI-RS resource set is configured with repetition ON, should gNB assume UE will always perform N Rx beam sweeping on the CSI-RS resource set, where N is size of the CSI-RS resource set, regardless of the reported value in 2-26, i.e., ‘Recommended CSI-RS resource repetition number per resource set’?
3. When some or all CSI-RS/SRS resources within a CSI-RS/SRS resource set are not configured with TCI state or spatial relation, should gNB assume the UE Rx/Tx beams for these CSI-RS/SRS resources will be different from those already used in the current slot?
If there questions cannot be clarified, we suggest removing this UE feature or mandate UE to report 14. 

Text proposal #2
One typo is found in Section 5.1.6.1.1 of TS 38.214 on UE reported ‘ThresholdSched-Offset’, which should be corrected to ‘Threshold-Sched-Offset’ (i.e., to add a hyphen). We then have the following text proposal:
--------------------------------------Start of Text Proposal TS38.214 Section 5.1.6.1.1-----------------------------------------
< Unchanged parts are omitted >
- Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth (with same RB location)and the aperiodic CSI-RS being 'QCL-Type-A' and 'QCL-TypeD', where applicable, with the periodic CSI-RS resources. The UE does not expect that the scheduling offset between the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported Threshold-Sched-OffsetThresholdSched-Offset. The UE shall expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same number of CSI-RS resources. For the aperiodic CSI-RS resource set if triggered, and if the associated periodic CSI-RS resource set is configured with four periodic CSI-RS resources with two consecutive slots with two periodic CSI-RS resources in each slot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering offset for the first slot for the first two CSI-RS resources in the set.
< Unchanged parts are omitted >
-------------------------------------End of Text Proposal TS38.214 Section 5.1.6.1.1-------------------------------------------

Text proposal #3
It was agreed in RAN1#93 meeting that for simultaneous reception, network configuration should ensure spatial QCL for the case listed below.
Agreement
For the case of CSIRS+PDCCH on the same OFDM symbols where spatial QCL is configured for CSI-RS
1. NW configuration should ensure spatial QCL
a. UE is not expected to be configured with CSI-RS with repetition=ON in the symbols UE is configured to monitor the CORESET
Above agreement applies to both same BWP as well as intra-band CA if spatial QCL is applicable.

This agreement has not been captured in the latest specs. We propose the following text proposal for TS38.214 to reflect this agreement.
--------------------------------------Start of Text Proposal TS38.214 Section 5.1.6.1-----------------------------------------
< Unchanged parts are omitted >
The UE is not expected to be configured with NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on' over the symbols during which UE is also configured to monitor the CORESET.
< Unchanged parts are omitted >
-------------------------------------End of Text Proposal TS38.214 Section 5.1.6.1------------------------------------------

Text proposal #4
When the scheduling offset between the last symbol of PDCCH carrying the triggering DCI and the first symbol of aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet is smaller than the threshold reported by UE, the UE can only use current QCL assumption of PDSCH to buffer CSI-RS. In addition, such design is also applicable for CSI-RS for BM, not just CSI-RS for CSI. Hence, the following text proposal is suggested where the parameter [XXX] refers to UE feature 2-28 in UE feature list [1]. 
	2-28
	A-CSI-RS beam switching timing
	1. Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS), where i is the index of SCS, l=1, 2 corresponding to 60,120 kHz SCS.
	Only applicable to FR2
Candidate values:
{14, 28, 48, 224, 336}  




--------------------------------------Start of Text Proposal TS38.214 Section 5.2.1.5.1-----------------------------------------
< Unchanged parts are omitted >
If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition is smaller than the UE reported threshold the UE applies a default QCL assumption. The UE reported threshold corresponds to the parameter [XXX] in [4.2.7, TS 38.306] and the default QCL assumption is the QCL assumption that UE is using for receiving PDSCH.
< Unchanged parts are omitted >
-------------------------------------End of Text Proposal TS38.214 Section 5.2.1.5.1------------------------------------------

Text proposal #5
For beam management purposes, it is our view that in general N2 symbols are sufficient between DCI and aperiodic SRS transmission for all use cases. Hence, the following text proposal is suggested.
--------------------------------------Start of Text Proposal TS38.214 Section 6.2.1-----------------------------------------
< Unchanged parts are omitted >
[bookmark: _Hlk515880410]the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). For SRS in a resource set with usage set to ‘codebook’ or ‘antennaSwitching’  in frequency range 1, tThe minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2, for which the minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between the PDCCH and the aperiodic SRS. Otherwise, [For other cases]the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + 42.
< Unchanged parts are omitted >
-------------------------------------End of Text Proposal TS38.214 Section 6.2.1------------------------------------------

Text proposal #6
In 38.213, it is said that after initial RRC configuration of TCI states and before MAC-CE activation, UE will assume PDCCH is QCLed with the SSB that identified during initial access. In 38.214, it is said that after RRC configuration of TCI states and before MAC-CE activation, UE will assume PDSCH are QCLed with the SSB that identified during initial access, without the restriction of ‘initial’. We suggest clarifying that the fall-back behavior described 38.213 also applies to RRC reconfigurations and propose the following text proposal. 
--------------------------------------Start of Text Proposal TS38.213 Section 10.1-----------------------------------------
< Unchanged parts are omitted >
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. 
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.
< Unchanged parts are omitted >
-------------------------------------End of Text Proposal TS38.213 Section 10.1------------------------------------------

Text proposal #7
It was reported that when cross-carrier scheduling is applied, the spatial QCL assumption to be used for receiving PDSCH on multiple CC(s) is not clearly defined. Though the suggestion in [6] is to discuss this in control session, we get some feedback from our own control colleagues that they may not have the time to discuss this. For this reason, we also include our proposal on default spatial QCL assumption for receiving PDSCH on multiple CC(s) in this contribution.
Given that cross-carrier scheduling with different numerology is postponed to Rel-16, here we only need to address the case with the same numerology. In our view, if cross-carrier scheduling is applied, when the spatial QCL assumptions to be applied for PDSCH on multiple CC(s) in one band of FR2 are different (either by default assumption or by indication), it is straightforward to let UE to apply the spatial QCL assumption which is to be used for the CC with lowest ID in that band. With this arrangement, gNB will know what spatial QCL assumption that UE actually applied when collision happens. Note that here we assumed spatial QCL assumption is not applicable for FR1. This can be applied to intra-band CA within FR2 or inter-band CA across FR1 and FR2.

--------------------------------------Start of Text Proposal TS38.214 Section 5.1.5-----------------------------------------
< Unchanged parts are omitted >
When the spatial QCL assumptions to be applied for receiving PDSCH on multiple CC(s) in one band of frequency range 2 are different, the UE should apply the spatial QCL assumption which is to be used for the CC with lowest ID in the same band for receiving PDSCH on the CC(s) in that band.
< Unchanged parts are omitted >
-------------------------------------End of Text Proposal TS38.214 Section 5.1.5------------------------------------------

Remaining issues on beam failure recovery
Text proposal #8
In the current TS 38.213 [2], the default PUCCH beam after BFR is undefined. To enable reliable uplink transmission after BFR, e.g., for ACK/NACK feedback of PDSCH data carrying MAC-CE activation command or RRC configuration, the default UL beam for PUCCH after successful BFR should be specified. In RAN1#94 [3], two options were listed for down-selection.
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

The first option is preferred because it supports using the TX beam used for beam failure recovery request for all PUCCH transmissions, rather than only for the PUCCH carrying ACK/NACK as in option 2. Signalling overhead for reconfiguring spatial relations for other PUCCH resources can be saved. In addition, the value of K can be zero, as the beam used for RACH transmission is already in-use and no additional preparation time is needed. We then have the following text proposal:
-------------------------------------------Start of Text Proposal TS38.213 Section 6--------------------------------------------
< Unchanged parts are omitted >
The UE may receive by higher layer parameter PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot   and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index   provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot   within a window configured by higher layer parameter BeamFailureRecoveryConfig. For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as the ones associated with index   until the UE receives by higher layers an activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList. After the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpaceId, the UE continues to monitor PDCCH candidates in the search space set provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state or higher layer parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList. 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.
< Unchanged parts are omitted >
-----------------------------------------End of Text Proposal TS38.213 Section 6-----------------------------------------


Text proposal #9
RAN2 has agreed to explicitly configure the subcarrier spacing for beam failure recovery request (BFRQ) [4]. However, if the subcarrier spacing for BFRQ is different from that of normal RACH transmission, one issue that may arise is that the guard period for RACH occasion (RO) in flexible symbols may not be sufficient, as illustrated in Figure 1.
For example, if the SCS of BFRQ and that of PRACH of initial access are 120 KHz and 60 KHz respectively, the guard period of 2 OFDM symbols with 120 KHz SCS is not sufficient and inter-cell interference will be introduced. The same issue also exists for FR1. From the RAN1 perspective, there are two alternatives that can be considered:
Alt-1: The SCS(s) of BFRQ and PRACH for initial access are fixed to the same in RAN1 specification.
Alt-2: The SCS(s) of BFRQ and PRACH can be configured to be different, and the guard period for BFRQ RO should be at least as long as that for the PRACH for initial access. 
[image: ]
Figure 1 Insufficient guard period when 120 and 60 KHz SCS are adopted for BFRQ and PRACH, respectively
Since BFRQ is bounded to the length of 137 and is independent from the RACH configuration, it cannot inherit the format indicated by RACH-ConfigCommon. In addition, if Alt-1 is adopted, the design in RAN1 will be less forward compatible. If Alt-2 is adopted, on the other hand, it solves the issue of insufficient guard period by reusing the design from the initial access procedure. To sum up, Alt-2 is preferred. We then have the following text proposal.
-------------------------------------------- Start of Text Proposal TS38.213 Section 6 -----------------------------------------
< Unchanged parts are omitted >
The UE may receive by higher layer parameter PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in Subclause 8.1. 
If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or is also provided higher layer parameter tdd-UL-DL-ConfigurationCommon2, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least[image: ] symbols after a last downlink symbol and at least[image: ] symbols after a last SS/PBCH block transmission symbol. If short sequence is configured for PRACH of initial access, , where  is the numerology for preamble of PRACH for initial access, and  is the numerology for preamble for link recovery. If long sequence is configured for PRACH of initial access, .  is with respect to the preamble subcarrier spacing.
For preamble format B4 [4, TS 38.211], [image: ]. 
< Unchanged parts are omitted >
----------------------------------------- End of Text Proposal TS38.213 Section 6 -------------------------------------------

Text proposal #10
In RAN1#94, an agreement related to the monitored search spaces during BFR [5] was made.
Agreement
Concerning the questions in RAN2 LS (R1-1808166) on BFR
Question 1: After UE sending PRACH for contention-free BFR, does the UE continue monitoring PDCCH candidates in configured search spaces monitored before PRACH, in addition to the search space indicated by recoverySearchSpaceId?
· RAN1 repsonse: Yes, all configured search spaces before dedicated BFR PRACH transmission for BFR are monitored

After some checking, we found there are cases where a UE, due to its UE capability, cannot monitor all the configured search spaces before dedicated BFR PRACH transmission, in addition to the search space with recoverySearchspaceID, e.g., when a UE applies single analog beamforming and it cannot monitor all the search spaces from different directions at the same time. Thus, the RAN1 response above is dependent on the UE capability and not generally applicable to all cases. We propose to specify a priority handling that the UE should monitor the search space with recoverySearchspaceID with highest priority. Whenever not all the search spaces can be monitored by the UE, it shall monitor only the search spaces with recoverySearchspaceID in corresponding CORESETs and skip others.

-------------------------------------------Start of Text Proposal TS 38.213 Section 6--------------------------------------------
< Unchanged parts are omitted >
The UE may receive by higher layer parameter PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot [image: ] within a window configured by higher layer parameter BeamFailureRecoveryConfig. For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as the ones associated with index [image: ] until the UE receives by higher layers an activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList. In case the UE cannot monitor PDCCH in all configured search spaces before dedicated PRACH transmission, the UE should prioritize the CORESET in the search space provided by higher layer parameter recoverySearchSpaceId. After the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpaceId, the UE continues to monitor PDCCH candidates in the search space set provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state or higher layer parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList.
< Unchanged parts are omitted >
-----------------------------------------End of Text Proposal TS 38.213 Section 6------------------------------------------------

Text proposal #11

[bookmark: _Toc521670122][bookmark: _Ref521586660]A few alternatives on how to support BFR in DRX mode was summarized as follows [5]:
The following alternatives can be considered:
· Alt 1: Enable BFR procedure in DRX non-Active Time by allowing UE to monitor gNB response during DRX non-Active Time.
· Alt 2: If DRX operation is configured, the UE physical layer doesn’t send beam failure indication to MAC layer during the inactive time
· Alt 3: In DRX, the UE only has to evaluate the quality of the elements in the set  at most once per DRX period
· Alt 4: No changes are needed in RAN1

There was little discussion and no conclusion in RAN1#94 meeting. We propose that the UE should differentiate the modes of non-DRX and DRX, and the currently specified contents about link recovery in TS38.213 only apply to UE in non-DRX mode. Meanwhile, in DRX mode, the UE indicates to higher layers with a periodicity of maximum between the DRX periodicity and the shortest periodicity of BFD RS(s), only when the UE’s MAC entity is in Active time. It is also worth noting that a LS to RAN2 is needed to modify RAN2 specs accordingly if this proposal is accepted in RAN1.

-------------------------------------------Start of Text Proposal TS 38.213 Section 6--------------------------------------------
< Unchanged parts are omitted >
In non-DRX mode operation, tThe physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the periodic CSI-RS configurations and/or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and 2 msec. 

In DRX mode operation, the physical layer in the UE, when the UE’s MAC entity is in Active time, provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and the DRX periodicity.
< Unchanged parts are omitted >
-----------------------------------------End of Text Proposal TS 38.213 Section 6------------------------------------------------

Text proposal #12
In RAN1#94, an agreement related to the monitored search spaces during BFR was made.
Agreement
Concerning the questions in RAN2 LS (R1-1808166) on BFR
Question 1: After UE sending PRACH for contention-free BFR, does the UE continue monitoring PDCCH candidates in configured search spaces monitored before PRACH, in addition to the search space indicated by recoverySearchSpaceId?
· RAN1 repsonse: Yes, all configured search spaces before dedicated BFR PRACH transmission for BFR are monitored

Based on the agreements, UE should monitor the CORESET before beam failure during BFR procedure. Similar as radio link monitoring mechanism, there is a scenario that when the blockage, which leads to beam failure, is removed, the beamformed link can be recovered automatically. In such case, beam failure recovery procedure is useless and should be stopped. As shown in Figure 2, if UE can decode PDCCH successfully in previous CORESET for the duration between beam failure declaration and first BFRQ transmission, UE should not transmit beam failure recovery request, and instead should send an indication to its own higher layers. After that, higher layers stop the beamFailureRecoveryTimer. It is also worth noting that a LS to RAN2 is needed to modify RAN2 specs accordingly if this proposal is accepted in RAN1.

[bookmark: OLE_LINK48] Figure 2. Illustration of UE behavior when PDCCH is detected on previous CORESETs
Therefore, we have the following text proposal：
-------------------------------------------Start of Text Proposal TS 38.213 Section 6--------------------------------------------
< Unchanged parts are omitted >
The UE may receive by higher layer parameter PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot [image: ] within a window configured by higher layer parameter BeamFailureRecoveryConfig. For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as the ones associated with index [image: ] until the UE receives by higher layers an activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList. If the UE decoded PDCCH successfully in the search space(s) configured before PRACH transmission, UE sends an indication to higher layers to stop the ongoing link recovery procedure.  After the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpaceId, the UE continues to monitor PDCCH candidates in the search space set provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state or higher layer parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList.
< Unchanged parts are omitted >
-----------------------------------------End of Text Proposal TS 38.213 Section 6------------------------------------------------
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