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Introduction
This document summarizes the discussion of RAN4 candidate Demodulation/RRM topics for R19 under agenda 9.1.4.3 in RAN #102 meeting. 

Submitted contributions in RAN #102 for agenda 9.1.4.3 are listed as below: 

RP-233149  Views on candidate RRM/Demod topics for Rel-19	           Samsung
RP-233209  Views on candidate RRM and Demodulation Topics for Rel-19	   Huawei, HiSilicon
RP-233280  MediaTek Views on RAN4 Rel-19: RRM and Demod	           MediaTek Inc.
RP-233460  RAN4-led topics in Rel-19: RRM & Demod	                   Nokia, Nokia Shanghai Bell
RP-233497  On RAN4 led RRM and demod enhancement in Rel-19	           Apple
RP-233627  Views on Rel-19 RRM and Demodulation Topics	           ZTE, Sanechips
RP-233687  Views on Rel-19 RAN4 RRM and Demodulation topics	           Intel Corporation
RP-233752  Views on Demodulation_RRM Topics for Rel-19	           NTT DOCOMO, INC., Fujitsu
RP-233774  Views on RRM and Demod Topics for Release 19	           Qualcomm Incorporated
RP-233785  Proposals for RAN4 package: RRM and demodulation enhancements Ericsson
RP-233008  Views on candidate RRM Topics for Rel-19	                   CATT
RP-233065  Views on Rel-19 RAN4 RRM scope	                   vivo
RP-233431  Views on candidate RRM topics for Rel-19	                   CMCC
RP-233432  Views on cadidate RRM topics for Rel-19	                   CMCC
RP-233492  Views on Rel-19 RAN4-led RRM	                           LG Electronics Deutschland
RP-233671  Xiaomi's views on RAN4 RRM topics for Rel-19	           Xiaomi
RP-233595  Joint proposal on the candidate objectives for RAN4 Rel-19 Demodulation requirement enhancement	China Telecom, Samsung, Apple, NTT DoCoMo, Huawei, HiSilicon, OPPO, CATT

For Multi-Rx, several contributions in agenda 9.1.4.3, 3460(Nokia), 3492(LGE), 3497(Apple), 3627(ZTE), 3671(Xiaomi), 3687(Intel), 3774(Qualcomm) have proposed Multi-Rx as one of RRM/Demod objectives, also some companies submit the Multi-Rx related objectives in 9.1.4.4 together with corresponding RF objectives. Based on RAN4 chairman guideline, Multi-Rx will be handled in session for AI 9.1.4.4 (cross area), thus the Multi-Rx RRM proposals are not captured in this summary. 











RRM topics 
Summary of RRM topics

	
	Proposed objectives for Rel-19 
	Supportive companies 

	1 
	FR2 RRM delay reduction



	· General RRM delay reduction enhancement 
· Identify the possible delay reducible requirements (NTT DoCoMo) 
· Reducing Rx beam sweeping factor based on AI/ML based beam prediction (CMCC) 
· FR2 measurement delay reduction for L1 and L3 measurements (Ericsson, OPPO)

· L3 measurement delay reduction with reduced Rx beam sweeping (Samsung, CATT, Xiaomi)

· FR2 unknown SCell activation delay reduction based 
· Temporary RS and L3 measurement triggered by SCell activation command (Huawei)
· Report of L3 measurement during activation, beam sweeping factor reduction and activation delay reduction by using SSB periodicity (Apple)

· To reduce RLM and BFD evaluation period for FR2 UE by reducing Rx beam numbers or apply non-DRX mode when large DRX cycle is configured. (ZTE)

Concrete problems to be solved and target are needed (QC) 

	2
	Gap enhancement
	· Parallel measurement with NCSG (Apple, Intel, CATT, CMCC, Xiaomi)

· Pre-configured NCSG for
· BWP switch (MTK, CATT) 
· Scell activation/deactivation (MTK, Intel, Xiaomi, CATT)

· Combination of different gap types, e.g., Pre-MG and NCSG and combination of gap enhancement and other features, e.g., NTN, POS, MUSIM (CATT, vivo, Xiaomi) 

· Introduce of more scenarios, e.g., MR-DC (CATT, LG)

· To distinguish the support NCSG for deactivated Scell and activated Scell with SSB outside of active BWP. Further extend the concept to NFG (MTK)  
  
· Overhead reduction for multiple types of measurement gap (LG)  

No need to further enhance gap related features unless very well justfied (Nokia, QC)


	3
	HO with PScell
	· Requirement design for scenarios not covered in R17 RRM enhancement (Apple, NTT DoCoMo, CATT, vivo) 
· from NR SA to NE-DC
· from NR SA to NR-DC (NTT DoCoMo, vivo) 
· from LTE SA to EN-DC
· For FR2+LTE NE-DC (CATT) 
· CHO with CPA (vivo) 

	4
	RedCap related enhancement 
	· Specify eDRX requirements for non-RedCap UEs in Rel-19 for all the missing cases based on Rel-17 and Rel-18 eDRX procedures e.g. under RRC inactive state, SDT etc. (Ericsson) 
· Extend the R17 RLM/BFD relaxation requirements to RedCap UEs (MTK, vivo, Ericsson)  

	5
	Enhanced TCI state switch 
	· Enhancements to maintain the UE reception and transmission during the period (or part of period) of DL, UL and joint DL/UL active TCI state switching (Intel, CATT, Xiaomi) 

	6
	Inter-cell L1 measurement 
	· Specify the requirements for inter-cell L1 measurement including (CATT, CMCC, Xiaomi, Huawei) 
· Measurement requirements based on NCSG (CMCC, CATT, Xiaomi, Huawei) 
· Measurement requirements with NeedforGap (CMCC, Xiaomi)
· Measurement requirements based on other enhanced gap configuration (Pre-MG, concurrent MG and measurement without gap (CATT, Xiaomi)

	7
	A-TRS based RRM measurement
	· HO (incl.LTM), SCell activation (ZTE, Huawe, Apple), PScell addition/change and others (Apple) 
· TCI state switch delay (Apple, vivo, Xiaomi, OPPO, ZTE, Samsung, CATT)  

	8
	L3 measurement enhancement for FR1 +FR2
	· Enhanced CSSF for L3 measurement outside gap in FR1 + FR2 scenario (Huawei, Apple)

	9
	Interruption at NR SRS antenna port switching
	· Symbol level granularity of interruption requirements for NR SRS antenna port switching (Huawei, Apple)

	10
	HO interruption minimization
	· Introduce an enhanced HO delay requirements by leveraging the waiting time of SSB to reduce interruption (MTK) 

	11
	EMR+Fast Scell configuration and activation/deactivation
	· Fast Scell activation with EMR reports upon UE enters connected mode (Huawei, Nokia, LG)
· Define the measurement accuracy requirements for fast Scell configuration (Huawei, Nokia, LG) 

	12
	RACH less handover
	· Specify requirements for NR RACH-less handover (vivo) 

	13
	RRM spec clear-up
	· Clean up RRM spec for calculation of Kp and MG integration (MTK)
Note: 2 quarters project before all other R19 WIs 

· Clean up RRM spec for gap related scaling factor and terminologies (CATT) 

	14
	Dynamic RTD/TTD status update
	· Study and introduce UE requirements to enable mTRP operation with RTD>CP (Intel, Apple, ZTE, Xiaomi) 

	15
	Scell activation for both FR1 and FR2
	· Further enhancement on the SCell activation, focus on the potential enhancements deprioritized in Rel-18, including QCL information related enhancement, ending point of SCell activation, TCI indication related enhancement (ZTE)

	16
	Scell with UL only transmission
	· To define the RRM requirement for Scell with UL only transmission (ZTE, Intel, KDDI, QC)

	17
	URLLC-enabling requirements 
	· Study and specify enhancements for protection of carriers with URLLC traffic from RRM-related disruptions (Intel) 

	18
	RedCap + NTN
	· Specify new RRM requirements for 1Rx RedCap UEs for both GSO and NGSO scenarios (QC) 
Moderator note: Based on RAN chair guideline, RedCap related NTN objectives will be handled in the RAN1 led item for NTN. RedCap + NTN will NOT discussed in this thread 

	19
	CSI-RS based L3 measurement 
	· Study and specify the RRM requirements for CSI-RS based L3 measurement enhancement (CATT)
· Introduce the configured time window for CSI-RS based measurement
· RRM requirements for the collision case between CSI-RS based L3 measurement and SSB or CSI-RS based L1 measurement. 

	20
	2nd IS/OOS BLER pair for VoNR
	· Study on how to introduce the second IS/OOS BLER pair for VoNR in Rel-19 (CATT)



Moderator’s observations
It is Moderator observation that companies’ proposals on RRM objectives are quite diverse, i.e., most of proposed objectives (proposals 7 -20 in above tables) are supported by one or two sources. It is up to further discussions in RAN #102 how to handle these proposals. Moderator suggest to collect supporting view if any in RAN#102 for these proposals, if no further supports, moderator suggest to deprioritize these objectives for RRM scope in R19 package.  

Also, these objectives as below are supported by more than 3 companies. 
· FR2 L3 measurement delay reduction with reduced Rx beam sweeping
· Parallel measurement with NCSG
· Pre-configured NCSG for Scell activation/deactivation
· HO with PScell for scenarios which is not supported in R17 
· Extend the R17 RLM/BFD relaxation requirements to RedCap UEs
· Enhancements to maintain the UE reception and transmission during the period (or part of period) of DL, UL and joint DL/UL active TCI state switching
· Specify the requirements for inter-cell L1 measurement based on NCSG 
For FR2 L3 measurement delay and gap related enhancement (parallel measurement with NCSG and pre-configured NCSG), some sources indicated they do not see the urgency/critical for some of proposals unless well justified.  
Offline discussions on RRM topics

Discussions 
In general, Huawei think we have to check overall situation for different solutions which target to solve the delay issues. 
Nokia think we shall down-select the topics. 

A-TRS based TCI state switching delay 
Several companies indicate the support for A-TRS based TCI state switching delay
Nokia asked how often the A-TRS based measurements for TCI state switch delay could happen. Nokia also think there is some RAN2 impact 

Scell with UL only transmission
Some companies also indicate the support for Uplink only transmission for Scell. 
CMCC indicate there is no difference between this feature and SUL. 
Huawei supports CMCC view. Huawei think we shall carefully check the scope. 
CMCC think for Scell delay, RAN1 and RAN2 have to design the feature in the first place and RAN4 can start the work for requirements.
Samsung indicate the scenario has been discussed together with RAN1/2 involvement. We may need to check if any RAN1/2 impact. 
QC think UE have different implementation comparing with SUL. 
ZTE think we can clarify the scope after collecting enough supports. In ZTE understanding, RAN1 and RAN2 have already supported this feature. 
Ericsson also think it shall be included in the package. 
Apple think we need some study on the RAN1/2/ impact

Dynamic RTD/TTD status update
Some companies indicate the support for this objective
CATT asked whether the requirements will be relaxed or not. 
Intel indicates that in certain scenario, RTD could be larger than CP. There is no core requirement defined yet in the spec. 
KDDI think this aspect is related to non-collocated scenarios. Do you consider any indication from UE to the network. 
Apple think it is a general feature which can be applied not only for non-collocated but also other scenarios. 
Samsung think it requires UE reporting. How the network can handle this reporting? 
CATT think we need explicitly to indicate the scenarios for this objective. If we have two set of requirements, how the network aware which requirements will apply 
MTK think such report shall be triggered by UE which shall be involve RAN2 
Intel clarify how network respond the UE reporting can be discussed once the objective discussed in WG. 
ZTE think network can know UE behaviour exactly if UE report RTD situation. We shall also ensure the phase are aligned if coming from different TRPs. 
Ericsson think if we need to introduce such report, such report shall be event based reporting which shall involve RAN2.
Vivo think there may be two UE types depends on UE capabilities. For UE which can handle RTD larger than CP, we do not need such report. For UE does not support the RTD larger than CP, network cannot use such report anyway 
KDDI needs some clarification on the performance gain about this feature. 
Samsung is also questioning about the motivation and performance gain about the feature.  
MTK think such reporting may have already included in RAN1 lead MIMO item. 
Intel think R18 has already introduce such capability 
Orange think applied scenario shall include mTRP scenarios with sync delay between TRPs and also the propagation delay differences. 

Fast Scell activation with EMR
ZTE think EMR has been implemented by network. The question is whether network trust UE reporting if the EMR reporting has large gap between two reporting. 
Nokia think EMR feature can be further enhanced by indicating UE status of which carrier is measured and reported 
ZTE think to indicate which carrier is reported by EMR shall be designed by RAN2 rather than RAN4. 
Nokia think RAN4 shall define the EMR reporting accuracy and delay. 
Vivo think there are two requirements, delay and accuracy, we need to clarify the scope  
Huawei think accuracy shall be included
Vodafone also see the benefits of introducing both delay and accuracy requirements. 
ZTE asked whether there is any EMR reporting validation process? 
Apple asked whether it is leftover issue from R18. It seems Huawei proposal is more related to R18 leftover and Nokia proposal is more related to R18 enhancement. If it is enhancement, it is better to discuss it in R19 mobility enhancements. 
RAN4 chair think we do not need too much detailed discussions. 

On FR2 L3 measurement delay reduction with reduced Rx beam sweeping 
Samsung think the applied scenarios have to be clarified first
ZTE think we also include L1 measurement 
Ericsson think we also include L1 measurements 
Intel think we shall include UE capabilities 
Apple/Xiaomi/Huawei think CSSF shall be included 
QC think we need some clarifications on whether the number of beam sweeping shall be reduced. MTK agree with QC that applied scenario and also study the trade-off for reduced delay. Samsung think we shall limit the scenarios without impact to both network and UE performance  

Parallel measurement with NCSG
vivo think it will have impact to overall spec structure. MTK agreed with this observation. 
MTK think we can measure both inter-f carrier or we can measure one inter-f layer and one intra-f 
Intel think spec structure can be discussed later 
Nokia think this feature can based on implementation 
QC think it requires more measurement implementations. 
Huawei also think this parallel measurement can be done in the implementation. 
ZTE asked if current implementation assumption, i.e., 2 searchers in FR1 and 2 RF chain, can support such parallel measurement 
QC comments that not only the searcher implementation are related to parallel measurement but also modem processing capability. We need to check the applied scenarios for this parallel measurement 
CMCC need time to check difference between inter+intra and 2 inter-f layer measurement 

Pre-configured NCSG 
Nokia asked the gain of pre-configured NCSG 
MTK think with NCSG the interruption can be visible 

HO with PScell 
Intel: HO with PScell has been discussed in many releases 
Apple think the work shall focus on the missing requirements 
Vivo think the scope shall be limited to from NR SA to NR-DC

Enhancements to maintain the UE reception and transmission during the period (or part of period) of DL, UL and joint DL/UL active TCI state switching

QC think such scenarios is not typical scenario in FR1 
Intel think such objectives shall be included in mobility enhancement 

	Summary/conclusions for RRM topics:

From moderator point of view, these below high level descriptions can be used as starting point 

· FR2 L3/L1 measurement delay reduction with reduced Rx beam sweeping and enhanced CSSF for connected mode 
· FFS on applied scenarios, justification and feasibility on reduced number of Rx beam sweeping 
· Parallel measurement with NCSG
· Pre-configured NCSG 
· HO with PScell for scenarios for NR SA to NR DC
· Extend the R17 RLM/BFD relaxation requirements to RedCap UEs
· Enhancements to maintain the UE reception and transmission during the period (or part of period) of DL, UL and joint DL/UL active TCI state switching
· Specify the requirements for inter-frequency and intra-frequency L1 measurement based on NCSG 
· Further study on RAN1/2 impact 
· A-TRS based TCI switch delay and Scell activation 
· Scell with UL only transmission with study on RAN1/2 impact 
· Dynamic RTD/TTD status update
· FFS on the applied scenario and also the performance gain for network and UE 
· FFS on RAN2 impact on designing the report, e.g. event triggered report 
· Further check with RAN1 MIMO item if the reporting has been already included 
· Fast Scell activation with EMR with both delay requirements for Scell activation and enhanced measurement accuracy requirements. 
· Combination of different gap types, e.g., Pre-MG and NCSG and combination of gap enhancement and other features, e.g., NTN, POS, MUSIM



Demodulation topics
Submitted Contributions for Demodulation topics
Summary of contributions on Demodulation topics 

	
	Proposed objectives for Rel-19 and supporting companies
	Motivation and details of objectives

	1 
	MMSE-IRC receiver for uplink 

Supporting companies: 
China Telecom, Samsung, ZTE, Apple, NTT DoCoMo, Huawei, HiSilicon, OPPO, CATT, China Unicom, CAICT, Intel


	Motivation: 
· The UE MMSE-IRC requirements have been defined in Rel-17.
· HPUE makes severer UL interference in NR than that of LTE 
· In field test with different TDD UL/DL configurations between neighbour cells, heavy gNB-to-gNB co-channel CLI is observed

Proposed objectives:
· Identify target deployment scenarios, at least homogeneous deployment with macro cell shall be considered. Heterogeneous deployment can be deprioritized. FR2 is not necessary (NTT DoCoMo)  
· Define BS PUSCH demodulation requirements with MMSE-IRC receiver (all sources) 

	2
	UE performance requirements with inter cel and with intra-cell inter-use interference for 8Rx CPE/FWA/vehicle/industrial devices

Supporting companies: 
China Telecom, Samsung, ZTE, Apple, NTT DoCoMo, Huawei, HiSilicon, OPPO, CATT, China Unicom, CAICT

	Motivation: 
· Performance requirements for 8Rx UE is introduced in Rel-18 with MMSE-IRC is the assumed receiver.
· The current 8Rx performance requirements do not cover scenarios with inter cell and with intra-cell inter-user interference, which is mandatory for 2/4Rx UEs from Rel-17.
· Compared with 2/4Rx, larger gain of MMSE-IRC is expected for 8Rx UEs under interference scenarios, due to larger spatial domain freedom.

Proposed objectives:
· Define the following requirements for 8Rx CPE/FWA/vehicle/industrial devices:
· PDSCH demodulation requirements with inter cell and with intra-cell inter-user interference
· CQI reporting requirements with inter cell interference

	3
	UE CRI reporting requirements with multiple CSI-RS configured 

Supporting companies: 
China Telecom, Samsung, ZTE, Apple, NTT DoCoMo, Huawei, HiSilicon, OPPO, CATT, China Unicom, CAICT, Ericsson


	Motivation: 
· Multiple NZP CSI resources are configured in deployments.
· In Rel-15 CSI reporting requirements were introduced for NR with only 1 CSI-RS resource configured and no CRI requirements covered.
· CRI reporting requirements were introduced in LTE FD-MIMO with the purpose to verify the reported CRI is accurate.
Proposed objectives:
· Define UE CRI reporting requirements with multiple CSI-RS resources configured 
· The test design defined in LTE (9.10 in TS 36.101) can be considered as a starting point

	4
	Enhanced UE CSI reporting requirements with R-ML receiver for SU-MIMO

Supporting companies: 
China Telecom, Samsung, ZTE, Apple, NTT DoCoMo, Huawei, HiSilicon, OPPO, CATT, China Unicom, CAICT 
MTK (3280) 

	Motivation: 
· R-ML receiver for SU-MIMO was introduced in R15 and the corresponding PDSCH demod requirements are defiend 
· The existing UE CSI reporting requirements only cover the baseline MMSE-IRC receiver
· The mismatch between CSI and PDSCH scheduling will lead to lower data rate for UEs supporting R-ML
Proposed objectives:
· Define UE CSI reporting requirements with R15 R-ML receiver for SU-MIMO 
· Further clarification on how to distinguish CQI requirements with R-ML and baseline requirements (Apple)

	5
	Soft-IC for SU-MIMO & mTRP
Supporting companies: 
Huawei, Intel 

No need 
Apple
	Proposed objectives:

· Specify performance requirements for the advanced receiver with soft IC to cancel the inter-stream interference for single-cell multi-layer scenario (Huawei, Intel) and Multi-DCI Multi-TRP scenarios (Intel) 

· Evaluate the performance gain of the advanced receiver with soft IC compared to existing NR receiver(s)
· Specify PDSCH requirements for the advanced receiver with soft IC


	6
	Application layer throughput enhancement with OLLA
MTK, Nokia, Intel 

Not support 
Apple
	Proposed objectives:

· Application layer throughput enhancement for OLLA and 4-layer




	7
	Channel Model for MIMO requirements
Nokia, Intel, Ericsson 

Supporting view collected during RAN #102 meeting

BT, Orange, T-Mobile USA, Telenor, DT, Vodafone, KT, Bell

Not support 
Apple
	Proposed objectives 
· Add a channel spatial component to the channel model for MIMO and MU-MIMO requirements, e.g., by using the CDL model. 
· Important for 8Rx/Tx systems with 2-codewords, as well as, 1-codeword cases where the precoding or precoding/receiver-interaction impact on performance is important.
· Important for CSI requirements on reporting precoders in MU-MIMO, which impact MU interference.



	8
	TE TxEVM assumption for Demod
Nokia
	Proposed objectives 
· Decide on realistic TE TxEVM assumptions in Demod to determine MCS/SNR test range.
· Includes TxEVM value and applicability in terms of modulation order, resource allocation, power, etc.
· Decide whether to apply TE TxEVM in RAN4 impaired results derivation, or whether to leave TE measurement uncertainty/relaxation up to RAN5.


	9
	CRS-IM for RedCap
ZTE 

Not support 
Apple 
	Proposed objectives 
· To define CRS-IM Performance Requirements for Redcap UE with single receiver in Rel-19 to ensure that Redcap UE could have the same capability to handle LTE CRS interference similar as normal NR UE.

	10
	Demod requirement for 8T8R with 5,6,7 layers
ZTE
	Proposed objectives 
· Specify the demod requirement for 8T8R with 5,6,7 MIMO layers 





Moderator’s Observations

WF co-coursed by 12 companies could be used as a starting point with the following objectives 
· UE performance requirements with inter cel and with intra-cell inter-use interference for 8Rx CPE/FWA/vehicle/industrial devices
· UE CRI reporting requirements with multiple CSI-RS configured 
· Enhanced UE CSI reporting requirements with R-ML receiver for SU-MIMO
· MMSE-IRC receiver for uplink

It is observed that some objectives are also proposed by one or two companies. We can further discussion whether to include these objectives as starting points 
· TE TxEVM assumption for Demod
· Demod requirement for 8T8R with 5,6,7 MIMO layers 

Also, it is observed some companies also express the negative view on certain objectives. Offline discussion can focus on whether these objectives can be removed for next steps, i.e., 
· Soft-IC for SU-MIMO & mTRP
· Application layer throughput enhancement
· Channel Model for MIMO requirements
· CRS-IM for RedCap
Offline discussions on demod topics

Discussion 
UE performance requirements with inter cel and with intra-cell inter-use interference for 8Rx CPE/FWA/vehicle/industrial devices

Intel think it can be done in R18 
TMO asked whether 1024QAM + 4layer is considered in R18 or not. ZTE think it is not covered 
Nokia think this work is only valid with MIMO channel. 
Ericsson considering MIMO channel and also 1024QAM will increase the complexity

For R-ML, some companies indicate the complexity. R-ML is optional feature without capability 

	Summary/conclusions for Demodulation topics:
· UE performance requirements with inter cel and with intra-cell inter-use interference for 8Rx CPE/FWA/vehicle/industrial devices
· Further check if such objectives can be done in R18 performance 
· Further check if 1024QAM + 4layers for indoor scenario for 4Rx UE and 8Rx CPE/FWA/vehicle/industrial devices shall be included in the scope 
· UE CRI reporting requirements with multiple CSI-RS configured with priority on FR1 
· Further check if any other RRM requirements beyond Demod for FR2 CRI reporting  
· Enhanced UE CSI reporting requirements with R-ML receiver for SU-MIMO with study on whether the UE with R-ML report incorrect CSI 
· MMSE-IRC receiver for uplink taking LTE interference profile as starting point. FFS on other interference profile. 
· Channel model with spatial component for performance requirements with following alternatives for study the test feasibility 
· Alternative 1: Extending TDL channel model 
· [bookmark: _GoBack]Alternative 2: CDL channel model




