3GPP TSG-RAN WG4 Meeting # 106	R4-2301809
Athens, Greece, February 27 – March 3, 2023

Agenda item:	9.9.2.2
Source: 	Huawei, HiSilicon
Title: 	Discussion on L1 enhancement for FR2 SCell activation delay reduction
Document for:	Discussion
1. Introduction
The Rel-18 WI of even further RRM enhancement was approved in [1] and further revised in [2]. One of the objectives is to study the SCell activation delay reduction in FR2. In RAN4#105, some high-level principle was agreed in [3]. In this paper, we further provide our views of RRM impact of the objective and provide further analysis on the solutions.
2. Discussion
2.1 Beam related enhancement 
Regarding the beam related enhancement for L1 part, we think it is highly related to beam strategy in L3 part. Thus, in this contribution, we will discuss the beam related issue for both L1 and L3 together which is also provided in our accompanied paper for L3 enhancement. The agreements and status related to beam enhancement are summarized as follows:
	Issue 1-2-1: Beam sweeping factor enhancement in L3 part of FR2 unknown SCell activation (not related with WI of FR2 multi-Rx chain DL reception)
Agreement:
· Specify beam sweeping factor enhancement in L3 part of FR2 unknown SCell activation as UE capability
· Conditions to apply beam sweeping factor enhancement and details of UE capabilities are FFS
· Detail of solution are FFS
· Note: if feasible conditions are not identified, then no enhancement will be introduced

Issue 2-1-1: Beam sweeping factor enhancement in L1-RSRP measurement of FR2 unknown SCell activation (not related with WI of FR2 multi-Rx chain DL reception)
· FFS
· Option 1 (Apple, Xiaomi, LGE, OPPO, Ericsson): 
· For unknown FR2 SCell activation enhancement, introduce the UE capability to support Rx beam sweeping factor can be less than 8 for SSB based L1-RSRP measurement.
· Option 2 (Intel): 
· If UE has some prior information to skip L3 part and can perform L1-RSRP directly, suggest not to reduce RX beam sweeping factor in order to select more accurate beam.
· Option 3 (CMCC):
· for RX beam sweeping factor reduction, the agreements on reduced RX beam sweeping factor for Rel-17 FR2 HST or Rel-17 positioning enhancement can be considered as baseline
· Option 4 (CTC):
· If L1- RSRP measurement is not skipped, Rx beam sweeping factor reduction in L1-RSRP measurement can be considered provided that the performance loss is acceptable. Meanwhile, the usage conditions/scenarios for Rx beam sweeping factor reduction in L1-RSRP measurement should be discussed.
· Option 5 (Nokia):
· For FR2 unknown SCell activation, a smaller Rx beam sweeping factor is assumed for L1-RSRP measurement based on the measurement during cell detection. 
· Option 6 (Huawei):
· Compared with completely skipping L1-RSRP, it is suggested to discuss beam sweeping factor reduction for L1-RSRP after L3 part when UE can acquire some information via L3 measurement (AGC+Cell search).




Based on the discussion in last meeting, most companies were interested in considering beam sweeping factor reduction in L3 part. However, due to the time limit, the L1 part was not treated though they are relative to each other. For L3 beam sweeping factor reduction, companies also shown concerns on the feasibility of beam reduction in L3. From our understanding, we have similar views on whether it is feasible to directly reduce the beam sweeping factor.
First, the L3 part especially AGC shall always consider the robustness in real scenario. Without any prior information, UE shall always consider the worst case that UE may fail the first AGC. Companies argued that UE can use the wide beam with less antenna gain when the SINR condition is high (e.g. -2 dB). However, UE is not aware of the SINR condition before performing the AGC unless NW can indicate it to UE about the SINR condition. Even NW can indicate the SINR condition to UE, the lower bound of the SINR is still not necessary. The AGC is finally serve the data reception where fine beam is used, and without upper bound, there is still risk that AGC is failed. 
Observation 1: Beam sweeping factor reduction in AGC is not preferred for following reason:
· AGC shall be robust considering the worst case
· UE is not aware of the SINR condition before performing AGC (NW cannot indicate it to UE)
· Lower bound of SINR is not sufficient 
Proposal 1: Beam sweeping factor reduction in AGC procedure is not considered.
Based on the analysis above, if UE can perform the fully ACG adjustment procedure, UE is aware of the SINR condition, and the beam sweeping factor reduction in cell detection may be considered. However, if UE use wider beam/less beam sweeping for cell detection, it means the beam sweeping for L1 shall be not reduced or even more beam sweeping is needed.
Observation 2: If wider beam/less beam sweeping for cell detection is considered, it means the beam sweeping for L1 shall not be reduced or even more beam sweeping is needed.
If the ultimate goal is to reduce the activation delay, beam sweeping factor reduction in cell detection and L1 RSRP can all contribute comparable delay reduction. Thus, it is preferred to consider the beam sweeping factor reduction in L1 part instead of L3 cell detection.
Proposal 2: It is suggested to consider beam sweeping factor reduction for L1 part based on full L3 procedure instead of beam sweeping factor reduction of L3 cell detection.
2.2 Skip L1-RSRP
Regarding whether and how to skip the L1-RSRP measurement, the status is summarized as follows:
	Issue 2-1-2: Whether and how to skip L1-RSRP measurement of FR2 unknown SCell activation?
· FFS
· Option 1 (Apple, CMCC, Nokia (using same RS only), OPPO): 
· for unknown R18 FR2 SCell activation enhancement, following L1 part enhancement can be considered:
· If L3 measurement is performed and if L3 and L1 measurement are using same RS or QCLed type D RSs, skip L1-RSRP measurement and use measurement result from L3 stage for L1-RSRP reporting. 
· Option 2 (Intel): 
· If UE has no prior information, L3 measurement with SSB index can be performed in cell search, AGC steps. L1-RSRP measurement can be skipped. There is no need to add other condition, i.e., L3 measurement and L1 measurement are using same RS or QCL-type D RSs.
· If UE has some prior information, further discuss whether L1-RSRP can be skipped or not.
· Option 3 (Qualcomm):
· L1 measurement and report can be skipped when UE report L3 measurements where the RSRP is acceptable range. Acceptable range could be FFS. 
· Option 4 (CTC):
· If UE performs the whole process of the previous L3 part without any reduction, skipping L1-RSRP measurement of FR2 unknown SCell activation can be considered. Otherwise, L1- RSRP measurement cannot be skipped.
· Option 5 (Xiaomi):
· L1-RSRP measurement and reporting procedures can be skipped provided that:
· UE is required to report the RSRP measurement results with SSB indexes, and
· the reported RSRP result is good enough, e.g. higher than a threshold
· Option 6 (LGE):
· Consider L1-RSRP measurement skipping based on L3 measurement results without extending the existing L3 part delay.
· Option 7 (vivo):
· For UE capable of basic feature of reduced FR2 SCell activation delay, the UE should be able to use the intermediate result in L3 measurement for SSB-based L1-RSRP reporting, and the time for L1-RSRP measurement TL1-RSRP_measure can be removed.
· At least for the case when SCell to be activated meets Es/Iot > -2dB and L3 measurement result obtained by UE within a pre-defined period is available, for UE supports reporting MR during the unknown SCell activation procedure, the enhanced SCell activation delay requirement is specified by assuming the gNB configures TCI of SCell based the SSB index reported in the MR, and the time for L1-RSRP measurement and reporting in the SCell activation delay can be removed.
· For UE supports cross-carrier QCL-C/D indication for an inter-band SCells, if the SCell to be activated meets Es/Iot > -2dB, and network configures inter-band cross-carrier QCL-C/D in the TCI of the SCell, the time for L1-RSRP measurement and reporting in the SCell activation delay can be removed.
· Option 8 (ZTE):
· When the following conditions are satisfied, L1-RSRP measurement can be ignored:
· UE can identify Tx beam during L3 part -- L3 part includes all same RS or QCLed Type D RS used by L1 part.
· UE can identify Rx beam during L3 part --UE has swept all Rx beam needed by L1 part during L3 part 
· Option 9 (MediaTek):
· Two potential solutions to skip L1-RSRP measurements when activating unknown SCell in FR2:
1) Contention based random access (CBRA) approach: CBRA can be used to activate first unknown SCell in one band, which can help skipping L1 part and TCI state indication, and as a result, enhance the overall activation delay for unknown SCell.
2) RSRP report before L1 part: the NW can trigger the UE to report the latest RSRP measurements before L1 part (L1-RSRP measurement and report), which can help skipping L1 part for unknown SCell activation in FR2.
Note: both approaches will have an impact on RAN1/RAN2 work.
· Option 10 (Ericsson): 
· Skipping L1-RSRP report to be within NW control and NW should be able to indicate whether a particular SCell activation is with L1-RSRP or without L1-RSRP report.

· Option 11 (Huawei): 
· When UE supports inter-band QCL-ed type D beam indication, L1-RSRP measurement and L1-RSRP report can be skipped.



First, we want to clarify that skipping L1-RSRP measurement doesn’t mean UE will not send RSRP report to NW. For unknown case (without considering the NW triggered measurement reporting discussed in L3 part), anyway NW needs to know the best SSB index for TCI configuration. The motivation behind is to save measurement time. From our understanding, there are two directions for L1-RSRP measurement enhancement.
Option 1: Reduce the L1-RSRP measurement time by less beam sweeping factor 
Option 2: Skip the L1-RSRP measurement 
Both options are based on prior information obtained in L3 parts. Option 1 is analyzed in the beam related enhancement in this paper. Option 2 is more aggressive that UE obtain the beam information via L3 measurement and report the index for L1-RSRP report directly. Comparing option 1 and option 2, apparently, option 1 can guarantee better performance. As also mentioned in our previous contribution, reporting L1-RSRP based on L3 measurement will have following drawbacks. First, the common assumption in RAN4 is that rough beam is used for L3 part and fine beam is used L1 measurement. Apparently, the antenna gain is different and it will result in different RSRP values. One may argue that what matters is the SSB index instead of the absolute value. However, skipping L1-RSRP measurement is only from RRM requirements perspective, and it doesn’t not mean UE will stop L1-RSRP measurement if configured. Then it will lead to the situation that some values are measured using rough beam and some values are measured using rough beam. From NW perspective, it will experience varied L1-RSRP value caused by using different beam type. 
Observation 3: If UE report L1-RSRP completely based on L3 measurement, NW may experience varied L1-RSRP results caused by using different beam type (rough/fine).
The above issue is only about the absolute RSRP value, the severe issue is about the misalignment between fine beam and rough beam. There was related discussion in Rel-15 FR2 accuracy test cases, and following margin is added. For some implementations, there is misalignment between rough beam and fine beam. The best beam chosen from L3 measurement may not be the best beam for L1 fine beam. Then, for the SCell activation procedure, if UE skip the L1-RSRP measurement and report the L1-RSRP entirely based on L3 procedure, there may be the risk the that reported the SSB index may not represent the best beam for UE. And UE may not achieve the best performance since the TCI configurations are configured accordingly.
Observation 4: Due to the misalignment between the rough beam and fine beam, if UE skip the L1-RSRP measurement and report the L1-RSRP entirely based on L3 procedure, there may be the risk the that reported the SSB index may not represent the best beam for UE.
	B.2.1.5.3	Alignment of Rough beam to Rx beam Peak
The definition of Rx Beam Peak in TS 38.101-2 [19] clause 7.3.2 is based on Throughput at Reference sensitivity power level, and assumes use of Fine beams. In many RRM scenarios the UE can use Rough beams, but the largest Rough beam gain direction may not be aligned to the Fine beam Peak direction.
When the Rx Beam Peak is selected and defined based on Fine Beams, the rough beam gain in that direction may be lower than the largest rough beam gain in another direction within Spherical Coverage. The term “D” is the maximum allowed rough beam gain reduction, and is specified in Table B.2.1.5.3-1 for each power class.
Table B.2.1.5.3-1: Rough Beam gain reduction “D” in Rx Beam Peak direction 
	
	UE Power class

	
	1
	2
	3
	4

	Maximum gain reduction, dB
	FFS
	FFS
	5.5
	FFS







Based on above analysis, compared with L1-RSRP measurement delay reduction with less beam sweeping factor, the performance of skipping the L1-RSRP is less guaranteed.
Observation 5: Compared with L1-RSRP measurement delay reduction with less beam sweeping factor, the performance of skipping the L1-RSRP is less guaranteed.
However, for legacy known SCell activation, it is also assumed that the SSB index used for TCI configuration is based on L3 measurement which means the above issues also exist. Then, from our understanding, the motivation for SCell activation is to establish the connected as soon as possible with acceptable performance. Better performance can be achieved after SCell activation with further CSI measurement and report.
Proposal 3: As the enhancement is to enable data transmission as soon as possible with acceptable performance, L1-RSRP can be skipped. RAN4 to discuss whether to define conditions for acceptable performance (e.g. MCS range, SINR Range)
2.3 TCI related enhancement
Regarding the TCI related enhancement, the related status is summarized as follows:
	Issue 2-2-1: Fine timing tracking for SSB corresponding to the TCI state during FR2 unknown SCell activation
· FFS
· Option 1 (Apple, Intel, Qualcomm, Xiaomi, OPPO, MediaTek): 
· fine timing tracking for SSB corresponding to TCI state is not skipped
· Option 2 (Huawei): 
· Fine timing can be skipped if the SCell activation delay can be further reduced to 3 ms.
· Option 3 (ZTE): 
· Whether fine time tracking after TCI state indication can be skipped, which is related with the answer of whether L1-RSRP measurement to be ignored. If L1-RSRP measurement is decided to be ignored, the fine time tracking after TCI state indication can not be skipped.
· Since it has been approved that A-TRS can be used for fine time tracking after TCI state indication, so it seems that the latency of fine time tracking is small enough, not need to consider ignoring fine time tracking.


Issue 2-2-2: TCI activation enhancement during FR2 unknown SCell activation
· FFS
· Option 1 (Apple, Xiaomi(without Xms condition), ):  
· For FR2 unknown SCell activation enhancement, the TCI of PDCCH/PDSCH/CSI-RS is associated with the best L1-RSRP report if no MAC CE or RRC indication for TCI is sent to UE in Xms after L1-RSRP reporting.
· X is FFS.
· Option 2 (CMCC, OPPO, MediaTek): 
· if TCI of PDCCH/PDSC/CSI-RS is associated with the best L1-RSRP report, delay on uncertainty of TCI configuration/activation can be saved. Otherwise, delay on uncertainty of TCI configuration/activation is kept.
· Option 3 (Qualcomm, Nokia, ZTE, Ericsson): 
· TCI indication process is not skipped



Regarding whether fine timing is necessary, as analyzed in our accompanied contribution, the situation can be varied case by case. For instance, if there is not any prior information, it is adorable to allow UE to perform fine timing to achieve better timing synchronization. For some particular cases (inter-band 260ns can be guaranteed), then UE can achieve sufficient timing synchronization especially in FR1. When A-TRS is triggered by NW, it is reasonable to allow UE to perform fine timing based on triggered A-TRS.
Proposal 4: Whether fine timing is needed can be varied from case to case.
Regarding whether the remove the uncertainty for TCI configuration, the delay reduction is not significant compared with other solutions. Besides, in real deployment, NW will configure TCI anyway. 
Proposal 5: TCI indication process is not skipped
2.4 Aperiodic RS related enhancement for L1 part
Based on the analysis in our accompanied paper for L3 enhancement, we think A-TRS can be used for FR1 unknown SCell activation. If AGC/cell search can be skipped, it seems there is no L3 part left. To give a full picture of A-TRS based activation, we also present the analysis about the whole procedure here. 
In last fast SCell activation requirements, the requirement for intra-band case are defined as TFirstATRS + Tgap + TATRS, where one sample for AGC and one sample for A-TRS are considered. However, as analysis for AGC part, if 6 dB power constraint can be guaranteed, UE can apply the AGC directly. In addition, regarding the fine timing, we think 260ns can already provide considerable timing alignment for data reception in FR1, but if A-TRS is configured by NW, it is also acceptable to allow UE to perform additional fine timing based on the A-TRS. Thus, the requirements based on A-TRS is proposed as follows:
For FR1 A-TRS based fast SCell activation, the delay can be reduced to TFirstATRS+ 5ms when following condition is met:
· The RTD/power difference between the to-be-activated SCell and an inter-band serving cell is within 260ns/6dB
Proposal 6:
In FR1, A-TRS based fast SCell activation can apply when following condition is met, and the delay can be reduced to TFirstATRS+ 5ms:
· The RTD/power difference between the to-be-activated SCell and an inter-band serving cell is within 26ns/6dB

Another enhancement related to A-TRS/AP CSI-RS is to perform L1-RSRP based on A-TRS/AP CSI-RS, and the proposal are as follows:
	Issue 2-3-2: Aperiodic RS for L1-RSRP measurement during FR2 unknown SCell activation
· FFS
· Option 1(Apple): for unknown R18 FR2 SCell activation enhancement, following enhancements based on AP CSI-RS and/or A-TRS are considered:
· Use AP CSI-RS for L1-RSRP measurement if L3 stage is performed during unknown FR2 SCell activation and UE can indicate the completion of L3 stage.
· Option 2 (Nokia, OPPO, Ericsson):
· RAN4 sends LS to RAN1 to study the feasibility of using A-TRS/AP CSI-RS for L1-RSRP measurement when activating an FR2 unknown SCell.
· Option 3: not to use AP CSI-RS or A-TRS for L1-RSRP
· Option 3a (vivo): RAN4 not to consider AP CSI-RS for L1-RSRP reporting unless the necessity is clear.
· Option 3b (Huawei): It is not recommended to A-TRS based L1-RSRP which may have significant RAN1 impact.
· Option 3c (MediaTek): AP-CSI-RS and/or A-TRS based fast Scell activation is not applied to L1 part for unknown FR2 Scell activation enhancement.
· Option 4 (ZTE):
· To realize AP RS based L1-RSRP measurement, the following two issues should be resolved：
· When and how to trigger AP RS; 2) How to identify the Tx beam of AP RS
· For 1) When and how to trigger AP RS, the efficient solution is to trigger the AP RS by the same MAC CE which used to trigger the unknown SCell activation, similar as the method in Rel-17 fast known SCell activation. For 2) How to identify the Tx beam of AP RS, NW should configure multiple AP RS resources so as to realize Tx beam sweeping.
· Option 5 (Ericsson):
· RAN4 to study usage of AP-RS and A-TRS for L1-RSRP measurement.
· RAN4 to confirm, UE timing assumption when performing L1-RSRP measurements.




From our understanding, it is not very clear to us how UE can perform L1-RSRP based on A-TRP/AP CSI-RS. First, NW has not idea on when UE is ready for L1 measurement and when to trigger the A-TRP/AP CSI-RS. Second, UE may need several bursts for Rx beam sweeping, and it is not clear how to configure several A-TRP/AP CSI-RS bursts and inform UE for Rx beam sweeping since the Rx beam sweeping pattern depends on UE implementation. In general, it is rather complex and is less relevant to RAN4 scope. It is not recommended to A-TRS/AP CSI-RS based L1-RSRP which may have significant RAN1 impact.
Proposal 7: It is not recommended to consider A-TRS/AP CSI-RS based L1-RSRP which may have significant RAN1 impact.
3. [bookmark: _GoBack]Conclusions
Observation 1: Beam sweeping factor reduction in AGC is not preferred for following reason:
· AGC shall be robust considering the worst case
· UE is not aware of the SINR condition before performing AGC (NW cannot indicate it to UE)
· Lower bound of SINR is not sufficient 
Proposal 1: Beam sweeping factor reduction in AGC procedure is not considered.
Observation 2: If wider beam/less beam sweeping for cell detection is considered, it means the beam sweeping for L1 shall not be reduced or even more beam sweeping is needed.
Proposal 2: It is suggested to consider beam sweeping factor reduction for L1 part based on full L3 procedure instead of beam sweeping factor reduction of L3 cell detection.
Observation 3: If UE report L1-RSRP completely based on L3 measurement, NW may experience varied L1-RSRP results caused by using different beam type (rough/fine).
Observation 4: Due to the misalignment between the rough beam and fine beam, if UE skip the L1-RSRP measurement and report the L1-RSRP entirely based on L3 procedure, there may be the risk the that reported the SSB index may not represent the best beam for UE.
Observation 5: Compared with L1-RSRP measurement delay reduction with less beam sweeping factor, the performance of skipping the L1-RSRP is less guaranteed.
Proposal 3: As the enhancement is to enable data transmission as soon as possible with acceptable performance, L1-RSRP can be skipped. RAN4 to discuss whether to define conditions for acceptable performance (e.g. MCS range, SINR Range)
Proposal 4: Whether fine timing is needed can be varied from case to case.
Proposal 5: TCI indication process is not skipped
Proposal 6:
In FR1, A-TRS based fast SCell activation can apply when following condition is met, and the delay can be reduced to TFirstATRS+ 5ms:
· The RTD/power difference between the to-be-activated SCell and an inter-band serving cell is within 260ns/6dB
Proposal 7: It is not recommended to consider A-TRS/AP CSI-RS based L1-RSRP which may have significant RAN1 impact.

References
[1] RP-220977 New WID: Even Further RRM enhancement for NR and MR-DC
[2] RP-221696 Revised WID: Even Further RRM enhancement for NR and MR-DC
[3] R4-2220440, WF on R18 eFeRRM - FR2 SCell activation enhancement  
8

6

