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[bookmark: _Ref5850594]Introduction
E-mail discussion on higher layer specific FR2 enhancements were conducted during the last meeting cycle. This document summarize the discussion and suggest way-forwards. In the discussion section, companies’ views on each item are captured. In the suggestion section, suggestion is made on how to handle the items in Release 17. 
Discussion 
2.1 Enhancements on Radio Link Monitoring/Beam Failure Detection
Radio Link Monitoring and Beam Failure Detection are essential functions for UE to operate properly in a given cellular network. They are specified in 38.331 w.r.t procedures and in 38.113 w.r.t requirements as summarized in the table below.
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The requirements are specified in number of DRX cycles regardless of FR1 or FR2. In typical configuration, “detecting the problem” and “confirming the problem” already take 30 DRX cycles (4.8 seconds with 160 ms DRX cycle and 9.6 seconds with 320 ms DRX cycle). Recovery procedure remains to be performed which will add further delay before the connection is reestablished/recovered.
It may not be a serious problem in FR1 where channel condition changes gradually. The design principle of RLM/BFD is to detect the problem earlier while the connection is still working so that outage is minimized. However in FR2, due to possibly drastic change in channel condition, it is more likely the connection is lost even before the problem is detected. It can be resolved by adjusting the length of phase 1 and phase 2 according to the channel conditions. 
Q1: Do you agree that radio link monitoring and beam failure recovery should be enhanced for UEs in operating FR2?
	Company
	Yes/No
	View 

	Samsung
	Yes
	In the current framework, only short DRX cycle would be usable for FR2. Power consumption in FR2 is already serious issue and this limitation would make the problem even more serious. 

	Ericsson
	RLM: No
BFD: study
	Early RLF and re-establishment can be problematic – improvements should aim to avoid RLF as far as possible. 
For BFD, it may be relevant to study if it would be possible to reduce the evaluation period (“detecting the problem”) with maintained accuracy. However, it is still crucial not to increase the UE power consumption due to excessive measurements. This can be studied in the feMIMO WI.

	NTT DOCOMO
	RLM: No
BFD: study
	On RLM, RAN2 at the #107bis meeting agreed to introduce T312 functionality to NR as shown below.

Agreements
1.	Reuse the LTE baseline for T312 functionality. Can 	discuss specific optimizations based on company 	contributions.
Working assumption
2.	Introduce T312 based mechanism on PSCell for fast 	declaration of SCG failure.

Given that optimisations are allowed to be discussed under the eMobility WI in Rel-16, it is not clear if anything else is still required.

On BFD, We agree with Ericsson that it can be discussed under Rel-17 MIMO WI.

	Intel
	Yes
	It is worthwhile to see possible enhancements on RLM/BFD to reduce power consumption and to improve performance. 

	Futurewei
	RLM: No
BFD: Study
	It’d be more practical to overcome RLM issue with robust connection to start with, e.g., to be considered in DC/CA enhancement.
Given the heavy dependence on PHY procedures, enhancement on BFD would be better to be proceeded together with potential RAN1 led eMIMO WI.

	Qualcomm
	Yes, but should be discussed in feMIMO
	Agree that RLM/BFR should be enhanced for FR2. In addition, the following areas can be considered for further enhancement
· RLM/BFR enhancement with multiple CCs
· Interaction between BFR and RLM
In general, we believe all topics in this email discussion should be addressed in feMIMO in Rel-17.

	vivo
	RLM: No
BFD: Study
	We share the understanding that robustness is more important for RLM, which is mainly a L3 procedure. Optimization towards faster RLM procedure may unnecessarily create more issues than the potential benefits.
BFD is more of a L1 procedure. We see possibility of further refinement in this area, potentially related to BFD reduction, candidate beam detection and procedure optimization for various scenarios. 
We prefer BFD related procedure included Rel-17 MIMO scope. 

	Huawei, HiSilicon
	No
	Long DRX cycles are mentioned in the discussions above, but not in the final question asked. While we are positive on studying the balance between long DRX operations (for power saving) and maintaining/recovering available beam pair(s) (for extra robustness and fast data transmission), we do not think there is enough motivation to open a general enhancement on RLM and BFR in FR2. 

	Nokia, Nokia Shanghai Bell
	No for protocol enhancements. Studies could be done in RAN4 and/or RAN1.
	We agree with Ericsson that the focus should be in avoiding RLF. If companies feel that RLM for FR2 could be improved, the studies should be done in RAN4 where the corresponding RLM requirements are specified. Channel condition changes are physical layer related and therefore the real improvements can only be done by enhancing that level like improving the UE requirements. 
Similarly, BFD is physical layer aspects and improvements for BFD should be investigated in RAN4 and/or RAN1 in the corresponding work/study items like MIMO item.

	Verizon
	Yes. Study
	We understand the concern of implementing early RLF in the real NW and hope for better solutions.
We think optimization of DRX with beam operation is very important. There are many less than desirable behaviors today resulting in waste of UE power. BFD is an important aspect of beam operation that we hope it is looked at together with beam management and DRX/WUS. We do not have strong preference which WI studies this as long as it is studied, as long as it doesn’t overload a WI.

	LG Uplus
	Yes
	We think it is beneficial to optimize RLM/BFD with DRX operation in FR2 but should be investigated carefully the possible impacts than the benefits. Regarding proper WI, we are neutral like Verizon. 

	KDDI
	Yes
	We think it’s beneficial to optimize RLM/BFD with DRX operation. We don’t have a strong preference which WI covers this topic, this WI or the Rel.17 MIMO WI.



2.2 Enhancements on Random Access Procedure 
Rel15/16 random access procedure is designed for single preamble transmission and single response reception. It works well for the system with the beam correspondence. However, if the beam correspondence does not exist, the only way to establish proper UL Tx beam is for UE to try the possible beam directions until the response is received.
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  Figure 1. Release 15 random access procedure in a system without beam correspondence
One way to address this is to allow UE transmitting multiple preambles using different beam directions within a short time duration before starting RAR monitoring. Note this type of solution direction has already been discussed during Release 15 timeframe.
Q2: Do you agree that random access procedure should be enhanced to address the case where beam correspondence does not exist?
	Company
	Yes/No
	View 

	Samsung
	Yes
	Random access procedure is a basic and an essential element, which should work well for all kind of UEs. Beam correspondence may not be guaranteed for all cases and for all UEs.  

	Ericsson
	No
	Beam correspondence is critical for system performance during initial access, and after initial access. The beam management solutions in R15 were designed for UEs with beam correspondence, and the improvements in R16 also utilize this, e.g., by defining default spatial relations based on DL RSs

	NTT DOCOMO
	No
	The beam correspondence is Mandatory with capability signaling in FR2. Even if UE does not support the beam correspondence, that UE shall meet the beam correspondence tolerance requirement, with 3~3.2dB relaxed EIRP, according to the RAN4 requirement of the beam correspondence (TS38.101-2).

In light of the above background, enhancements based on the assumption w/o beam correspondence are not so urgent.

	Intel
	Maybe
	We understand that this topic was deprioritized during Rel-15 MIMO discussion due to the lack of support the case without beam correspondence. Therefore, this could be considered only if there is enough support. 

	Futurewei
	Not initiated in RAN2
	As agreed in R15, beam management related procedures and issues should be first handled in RAN1, and RAN2 can follow with necessary support based on RAN1 progresses.

	Qualcomm
	Yes, but enhancement for UE with BC should be prioritized, and this should be discussed in feMIMO
	Support enhanced BM in RACH in general. In addition, the following areas can be considered for further enhancement
· Early beam report, early BF indication in CBRA
· Msg repetition/beam sweep
· QCL prioritization for limited active QCLs

	Huawei, HiSilicon
	No
	As defined in subclause 6.6 of TS38.101-2-f60, in R15/R16, UE shall satisfy beam correspondence tolerance requirement anyway. Hence there is no need to consider such enhancements in R17. 

	Nokia, Nokia Shanghai Bell
	No for protocol enhancements. Further RAN4 requirement enhancements should be considered if everything not covered by Rel-16 reqs.
	As UE support for beam correspondence is mandatory for UE from Rel-15 without capability signaling. In rel-15 capability signaling is only allowed for UE to indicate that it requires beam sweeping together with beam correspondence to enhance Beam Correspondence requirements. UE always need to meet at least BC tolerance requirements with BC only i.e. without beam sweeping. RAN4 is currently working on Beam Correspondence requirement enhancements in Rel-16. One proposed enhancement area in RAN4 is PRACH beam correspondence requirements and test cases. The Rel-17 focus should be to ensure that UE BC requirements are sufficiently good and all the cases including PRACH are well covered by the requirements and test cases (if something is postponed from Rel-16 to Rel-17 in RAN4). Protocol level changes do not enhance FR2 BC performance but creates differently behaving UEs.

	Verizon
	Yes, but agree with QC in that BC UE should be prioritized
	We support a study of this, more for BC UE than for non-BF UE. We believe BC is an important requirement for the UE and BC UE should be given the priority for further optimization. At this point, we still feel RA is not as robust as we hoped in the field. For example, it is possible that due to the delay between measurement and actual transmission, the UE moves and the tx is less than satisfactory. We are neutral on which WI covers this, as long as it doesn’t overload a WI.

	LG Uplus
	Yes
	For the BC(Beam Correspondence), NTT DoCoMo summarized well about the current situation in 3GPP, but also see some needs as Verizon said even for the BC UE.

Regarding the suggested solution (to allow UE transmitting multiple preambles using different beam directions within a short time duration before starting RAR monitoring), also the impact to current specification should be analyzed and avoided as much as possible.

	KDDI
	Yes, but agree with QC in that BC UE should be prioritized
	Same view as Verizon.



2.3 Enhancements on configured grants in FR2 serving cells 
Configured grant is configured per BWP without any consideration on beam directions. The beam direction could change for the UE while UE stays in a BWP. Then the configured grant for the UE in the BWP might not be valid anymore in the new beam direction. The configured grant is time/frequency resource which may not be usable for the new beam direction as shown in figure below. 
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The current configured grant mechanism results in forcing gNB' to explicitly update the resource by RRC upon every beam change. 
Q3: Do you agree that type 1 configured grant should be enhanced to cope with beam direction change?
	Company
	Yes/No
	View 

	Samsung
	Yes
	Configured grant is an essential feature for various verticals e.g. VoIP, URLLC, V2X etc. If RRC reconfiguration is required upon every beam change, it would be virtually unusable. 

	Ericsson
	No
	In our understanding, Type 2 configured grant already provides the desired functionality. As this is related to spatial relations, a potential enhancement could be studied in the feMIMO WI.

	NTT DOCOMO
	No
	Agree with Ericsson. Even for Type 1 configured grant, suitable beams can be fine-tuned by reconfiguring Rel-15 RRC parameter, srs-ResourceIndicator.

	Intel
	Yes
	It is worthwhile to consider potential enhancements for configured grants associated with beams in FR2 operation. Using multiple configured grants should be the baseline. 

	Futurewei
	No
	RRC configuration of type 1 configured grant can be done together for multiple beams; there is no need of a RRC reconfiguration of type 1 configured grant after each beam switch.

	Qualcomm
	Yes, but prefer generalizing to enhanced BM for SPS/CG in general, and this should be discussed in feMIMO
	Support enhanced BM for both SPS/CG in general, including the following aspects
· Enhanced SPS/CG repetition, beam sweep
· Enhanced beam update

	vivo
	Not in a separate item other than MIMO
	As discussed above, there are several ways to address the problem:
· Multiple configured grant with different beams could be configured to the UE;
· For type 1 configured grant, SRS spatial relation could be updated through MAC CE, which would then triggers update of spatial relation of configured grant.
· For type 2 configured grant, spatial relation for the configured grant could be updated by DCI activation and re-activation.
For any further refinement for configured grant, they could be part of Rel-17 MIMO discussion.

	Huawei, HiSilicon
	No
	In R15, UE Tx beam related information can be provided to the UE for both configured grant type 1 & 2, and there is no need for UE to know gNB Rx beamforming behavior. Hence there is no need to consider such enhancements in R17.

	Nokia, Nokia Shanghai Bell
	No
	We agree with Ericsson that type 2 CG allows dynamically changes the UL resources. If the resources need to be often changed for FR2, CG should not be configured as type 1 and reconfigure it via RRC.

	LG Uplus
	Yes
	Signaling reduction per beam change for CG in FR2 can be optimized but if the desired functionality can be achieved based on other comments really, the gap analysis or even better benefit should be justified to proceed this approach in Rel-17. 

	KDDI
	Yes
	Agree with Samsung.



2.4 Enhancements on handover time interruption reduction 
Simultaneous connectivity is being discussed under Rel-16 mobility enhancement WI aiming to achieve 0 ms HO interruption time. A solution so called Dual Active Protocol Stack is being developed in RAN2 based on simultaneous transmission/reception which is designed to be FR agnostic. However it is later turned out that simultaneous connectivity in FR2 is not feasible for Rel-16 in RF point of view. RACH-less handover, which can reduce interruption time in FR2, is also excluded from Rel-16 as well. As a result, Rel-16 mobility enhancement WI will not provide any mean to reduce HO interruption time for FR2 system.  
Q4: Do you agree that handover interruption time reduction should be specified for FR2? 
	Company
	Yes/No
	View 

	Samsung
	Yes
	We think DAPS should be supported in FR2 to guarantee decent and seamless user experience. It can be discussed whether both DAPS and RACH-less handover should be supported.  

	Ericsson
	Yes
	We are proposing to introduce L1/L2 signaling to significantly reduce the HO interruption as part of feMIMO in Rel-17. This functionality will lead to significant HO improvements for FR2, at low UE complexities.

	NTT DOCOMO
	Yes
	In general, it is desirable to support the same functionality as for FR2. DAPS could be a candidate if feasible, although the feasibility was thought as doubtful during the Rel-16 work on eMobility.

	Intel
	Yes
	We agree that RAN2 can further discuss how to support DAPS in FR2 where simultaneous transmission/reception is not supported. 
In addition, RAN2 has not discussed consecutive CHO execution which might be beneficial in FR2 due to the lack of time. The key issue on security key handling should be discussed with SA3. 
We don’t think RACH-less handover should be discussed as CFRA 2-step RACH will be supported in Rel-16 eMOB WI.

	Futurewei
	Yes but
	The limitations of applying simultaneous connections in FR2 mostly stem from RF/PHY issues, which fall into RAN1/RAN4 scope. It is not clear that more RAN2 efforts can bring about further progress beyond Rel-16 eMOB WI.
Given the RAN2 agreement on the relation between RACH-less and 2-step RACH, and RAN agreement of specifying 2-step RACH, there doesn’t seem to be need of further works on RACH-less, even for FR2.

	Qualcomm
	Yes, but prefer to discuss in feMIMO
	Support enhanced BM for reduced HO interruption time. We also prefer to consider the following enhancements
· QCL prioritization
· DL/UL resource prioritization

	vivo
	Not in a separate item other than MIMO
	Simultaneous Rx and possibly Tx for FR2 would be part of Rel-17 MIMO discussion. With such possibility, the handover interruption time could be largely reduced. 
For RACH-less handover, we share the understanding that with 2-step RACH specified in Rel-16, the gains are marginal to further specify RACH-less handover.

	Huawei, HiSilicon
	Pending on Rel-16 progress
	In general, we agree reduction of handover interruption time should be considered for FR2. 
Still, as being discussed in R16 NR mobility enhancements WI, it is possible to apply TDM reception between source and target cell, with which the interruption time can be reduced compared with regular handover. Whether there is a need for further reductions will depend on the outcome of R16. 
Besides, if the status of multiple panels at UE side (i.e., on or off) is kept unknown to gNB as in R15/R16, we don’t see how to enable such simultaneous connectivity to both source and target cells in FR2. 
As FR2 mobility is a potential leftover from NR mobility WI, If this needs to be discussed, it seems more suitable to be addressed within MR-DC email discussion scope.

	Nokia, Nokia Shanghai Bell
	Yes under MR-DC and MIMO 
	Enhanced handover interruption times are important for FR2 as well but it is difficult to see how the UE RF implementation constraints would be very different from Rel-17 compared to Rel-16. Therefore, enhancements should be such that the corresponding UE requirements can also be developed in RAN4. FR2 protocol enhancements should not be developed in isolation from the performance and requirement aspects. We see that handover interruption time enhancements can be further studied and developed under the Rel-17 topics MR-DC and MIMO and thus, no need to define a new FR2 topic for this. 

	Verizon
	Yes
	We should consider different kinds of UEs for R17: multi-panel tx&rx UE, single panel tx/multi-panel rx UE and single panel tx & rx UE. For those more capable UEs, we need to support 0-ms irruption in R17. If it has to go TDM, we would like to have a limitation target for HO interruption time. We support targeted optimization for FR2 on low layers (because the difference in HW between mmW and low/mid-band is not going away any time soon) but in general prefer unified protocol stack. We are neutral which WI studies this, as long as it is not overloaded.

	LG Uplus
	Yes
	In general, from operator point of view, handover interruption time reduction is desired in FR2 also. However, as other companies said due to the RF limitation, the possible improvement in higher layer seems small, but still open to discuss considering the coming new types of UEs.

	KDDI
	Yes
	Agree with LG Uplus



2.5 Any other areas? 
Q5: Companies are invited to share their views if they see any other areas for FR2 enhancements. 
	Company
	Areas for enhancements & Justifications 

	NTT DOCOMO
	It is worthwhile digesting how UL data can be scheduled in beam sweeping operation and exploring potential areas to be enhanced. For gNB to obtain CSI from a UE, aperiodic CSI reporting over PUSCH can be used. If gNB offers UL grant so that padding BSR can be included together with the aperiodic CSI reporting, the UE can report UL data volume, as well. These transactions between gNB and UE can be done only when beams are swept in through the UE, as illustrated in the figure below.
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For this approach of UL scheduling, the UE no longer has to send Scheduling Request (SR). SR can be disabled if schedulingRequestConfig is not configured in MAC-CellGroupConfig. Nevertheless, the UE still triggers the random access procedure upon UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available (as specified in TS 38.300) and the interval of aperiodic CSI reporting is larger than or equal to PRACH occasion. For this case, the random access procedure is not necessary and incurs latency of UL data transmission. NTT DOCOMO is of interest in reducing the latency of UL data transmission in this scenario.

	Qualcomm
	We believe the enhancement on default PDSCH beam will benefit FR2. One possible enhancement is to decouple default PDSCH beam from PDCCH beam. In current spec, default PDSCH beam follows QCL assumptions of CORESET with lowest CORESET ID in latest monitored slot. However, if default PDSCH beam always follows PDCCH beam and wide beam is used for PDCCH, the PDSCH throughput will be significantly degraded for K0 < beam switch latency threshold, e.g. K0=0. Detailed results and complete benefits can be found in R1-1911143. Therefore, we have the following proposal:
· Consider default PDSCH beam enhancement in Rel-17
· Including default PDSCH beam decoupled from PDCCH beam

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Summary
Table below is the summary of the discussion. 
	Topic
	Support
	Not support
	Suggestion

	Study on Link Monitoring Requirements in FR2
· Radio Link Monitoring
· Beam Failure Detection
	
5
5
	
5
1
	
Company driven TEI17
To be studied under FeMIMO WI

	Study on Handover Interruption Reduction in FR2
	10
	1
	To be studied under MR-DC WI 

	Miscellaneous
· Study on Random Access Procedure in FR2
· Study on type 1 Configured Grant in FR2
· Study on aperiodic CSI reporting w/ BSR 
· Study on default PDSCH
	
5
5
1
1
	
5
6


	
Company driven TEI17
Company driven TEI17
Company driven TEI17
Company driven TEI17


Two topics could be considered as reaching almost consensus while others get split supports. The suggestion is to include those two in Release 17. Creating new SI would possibly be one option. However, as many companies indicated during the discussion, it would be more viable option to take them into the other WIs. Others can be driven by each proponent in TEI17. They should undergo the usual prioritization process in each of WG. 
Based on the discussion above, following two suggestions are made out of this e-mail discussion.
Proposal 1: Study link monitoring requirements for beam failure detection under FeMIMO WI as below.
Study if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN2, RAN4] 
Proposal 2: Study handover interruption reduction in FR2 under MR-DC enhancements WI as below
Study if Rel-16 Dual Active Protocol Stack solution is applicable for FR2 [RAN4]
Enhance Rel-16 DAPS for FR2 involved handover if DAPS is not applicable to FR2 [RAN2] 
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