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1. Introduction
This document summarizes contributions submitted to AI 8.16.10 regarding UE features for eDSS.
According to the updated UE features list agreed in RAN1#114 [1], there are following feature groups for eDSS.
· [bookmark: _Hlk85011108]FGs for NR PDCCH reception in symbols with LTE CRS REs
· 52-1	Reception of NR PDCCH candidates overlapping with LTE CRS REs
· 52-1a	Reception of NR PDCCH candidates overlapping with LTE CRS REs with multiple non-overlapping CRS rate matching patterns
· 52-1b	NR PDCCH reception that overlaps with LTE CRS within a single span of 3 consecutive OFDM symbols that is within the first 4 OFDM symbols in a slot
· FGs for UE support for two overlapping CRS rate matching patterns
· 52-2	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier (regardless of support or configuration of multi-TRP)
· 52-2a	Two LTE-CRS overlapping rate matching patterns with two different values of coresetPoolIndex within a part of NR carrier using 15 kHz overlapping with a LTE carrier
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2. FGs for NR PDCCH reception in symbols with LTE CRS REs
In [1], FGs for NR PDCCH reception in symbols with LTE CRS REs are captured as below.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	52. NR_DSS_enh
	52-1
	Reception of NR PDCCH candidates overlapping with LTE CRS REs
	Reception of NR PDCCH candidates that overlap with LTE CRS REs within a NR carrier using 15 kHz SCS

1) Reception of NR PDCCH candidates in REs that overlap with LTE CRS when UE is provided with LTE CRS RM pattern by configuration of one CRS rate matching pattern via lte-CRS-ToMatchAround

2) Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS, b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS}

3) Reception of NR PDCCH candidates that overlap with LTE CRS REs on the X-th symbols of an NR slot. Candidate values for X: {only 2nd symbol, 1st and 2nd symbols}

4) NR PDCCH that overlaps with LTE CRS REs is in Type-1 CSS with dedicated RRC configuration, Type-3 CSS, and/or USS that are monitored within the first 3 OFDM symbols of a slot
	5-28
	Yes
	N/A
	UE is not required to support reception of NR PDCCH candidates overlapping with LTE CRS REs when it is provided with LTE CRS RM pattern by higher layers 
	Per Band
	N/A
	N/A
	N/A
	For component 2, RAN1 considers support value b) in component 2 only if RAN4 performance requirements for value b) are not defined

Note: it is RAN1 understanding that the feature is supported by UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension, i.e., no change to UE assumption on PDCCH DMRS RE positions/pattern in a symbol that are used for the purpose of channel estimation.
	Optional with capability signaling

	52. NR_DSS_enh
	52-1a
	Reception of NR PDCCH candidates overlapping with LTE CRS REs with multiple non-overlapping CRS rate matching patterns
	1) Reception of NR PDCCH candidates in REs that overlap with LTE CRS when UE is provided with LTE CRS RM patterns by configuration of one or multiple non-overlapping CRS rate matching patterns via lte-CRS-PatternList1-r16 if the UE supports FG 14-1 or lte-CRS-PatternList3-r18 if the UE supports FG 52-2
	52-1, at least one of {14-1, 52-2}
	Yes
	N/A
	
	Per Band
	N/A
	N/A
	N/A
	Note: it is RAN1 understanding that the feature is supported by UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension, i.e., no change to UE assumption on PDCCH DMRS RE positions/pattern in a symbol that are used for the purpose of channel estimation.
	Optional with capability signaling

	52. NR_DSS_enh
	52-1b
	NR PDCCH reception that overlaps with LTE CRS within a single span of 3 consecutive OFDM symbols that is within the first 4 OFDM symbols in a slot
	1) NR PDCCH that overlaps with LTE CRS REs is in Type-1 CSS with dedicated RRC configuration, Type-3 CSS, and/or USS that are monitored within a single span of 3 consecutive OFDM symbols that is within the first 4 OFDM symbols in a slot
	52-1, 22-12
	Yes
	N/A
	
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signaling




Following inputs are provided in contributions for the RAN1#114bis meeting.
	[2]
	Nokia, Nokia Shanghai Bell
	During the WI phase the discussion on UE’s indication of its PDCCH processing approach when overlapping with LTE CRS was deferred to the UE features discussions. Now that the baseline UE FGs for eDSS are mature it is time to address this remaining aspect of eDSS.
The FGs 52-1/1a limit the indication on the PDCCH DM-RS processing. as shown in [R1-2206432] (Nokia, Nokia Shanghai Bell), the UE that optimizes its PDCCH demodulator/decoder may reach different performance than one that exploits the “legacy” PDCCH demodulator/decoder that doesn’t take the PDCCH/CRS collisions into account. Specifically, for a given receiver type, the gNB could avoid using or even configuring the PDCCH candidates that it knows have a very high SNR requirement or can be expected to fail no matter what the SNR when colliding with REs. In addition it would be useful for the UE could drop the PDCCH AL2 that are known to fail with very high probability and not count these PDCCH candidates in the PDCCH blind decodin budget.
Observation 1: It is beneficial for the gNB to know to what the UE is capable of in terms of PDCCH decoding when overlapping with LTE CRS
Different UE capabilities helping the network to decide what to do with the colliding REs are:
· Is the PDCCH decoder puncturing or using the PDCCH REs colliding with the LTE CRS RE
· Is the PDCCH channel estimator using all DMRS REs (legacy), ignore the DMRS REs overlapping with CRS REs, or ignore the DMRS REs of the symbol overlapping with the LTE CRS
· Is the PDCCH channel estimator and decoder able to leverage relative power difference information between the PDCCH and the LTE CRS REs

Knowing the above capabilities allows the gNB to decide what to do with the PDCCH/PDCCH DMRS REs that collide with the LTE CRS REs. These can be expressed as the following additional capabilities on top of the ones already agreed:
Proposal 1: Introduce the following new FGs for eDSS
	FG
	FG name
	Components
	Pre-requisite
	Value range
	Note

	52-1c
	PDCCH decoding approach
	Puncturing the PDCCH REs colliding with LTE CRS in the PDCCH decoding process
	52-1
	{Supported}
	Absence means that gNB should assume all PDCCH REs are used in the decoding process (legacy decoding)

	52-1d
	PDCCH channel estimation approach
	Usage of PDCCH DMRS REs on the PDCCH symbols overlapping with the CRS symbols
	52-1
	{DMRS REs not overlapping with LTE CRS REs, 
none of the DMRS REs}
	Absence means that gNB should assume tat all PDCCH DMRS REs are used in channel estimation (legacy CE)

	52-1e
	PDCCH to LTE CRS power ratio configuration
	Support for PDCCH and PDCCH DMRS to LTE CRS power ratio configuration
	52-1
	{Supported}
	Absence of this FG means that the UE does not support the configuration




	[3]
	Huawei, HiSilicon
	In Rel-15 when the UE attempts to decode the PDCCH, if the higher-layer parameter precoderGranularity equals sameAsREG-bundle, the UE would perform channel estimation using the DM-RS in the PDCCH candidate. And if the higher-layer parameter precoderGranularity equals allContiguousRBs, the UE would perform channel estimation using the DM-RS in all contiguous RBs in the CORESET (rather than PDCCH candidate). 
For Rel-18 eDSS feature, the UE reporting value (a) of component 2 for FG 52-1 in UE capability may perform channel estimation based on the DM-RS on the “clean symbol”. A “clean symbol” here means that the DM-RS used for channel estimation on this symbol does not overlap with the LTE CRS. Since the DM-RS used for channel estimation for the two precoder granularities are different, the definition of “clean symbol” should be different for these two precoder granularities.
In the RAN1 NR UE feature list [1], the “clean symbol” is described in candidate value (a) of component 2 for FG 52-1, that is, “at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS”. In that regard, the current description of “clean symbol” only applies when precoderGranularity equals sameAsREG-bundle, not when precoderGranularity equals allContiguousRBs. To support the joint operation of all contiguous RB and Rel-18 DSS, when precoderGranularity equals allContiguousRBs, it is necessary to introduce a new definition of “clean symbol” for 52-1, i.e., a “clean symbol” for allContiguousRBs should be introduced as “at least one symbol of the CORESET including the PDCCH candidate is not overlapped with LTE CRS”. By performing this update, 52-1 can be also applicable for the case of precoderGranularity = allContiguousRBs. 
According to the above discussion, we have the following proposal.
Proposal 1: Component 2 for FG 52-1 can be updated as:
“Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when precoderGranularity equals sameAsREG-bundle and at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS, and when precoderGranularity equals allContiguousRBs and at least one symbol of the CORESET including the PDCCH candidate is not overlapped with LTE CRS if the UE supports FG 11-1 (precoderGranularityCORESET), b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS}”.

	[4]
	ZTE
	According to the following specification, it is clear that PDCCH reception on LTE CRS symbol is supported if the higher-layer parameter precoderGranularity equals allContiguousRBs. 
	Clause 7.3.2.2 of TS 38.211 
-	for both interleaved and non-interleaved mapping: 
-	if the higher-layer parameter precoderGranularity equals sameAsREG-bundle the UE may assume the same precoding being used within a REG bundle 
-	if the higher-layer parameter precoderGranularity equals allContiguousRBs , 
[bookmark: _Hlk498503446]-	the UE may assume the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET
-	the UE may assume that no resource elements in the CORESET overlap with an SSB
-	if the UE is not provided with the higher-layer parameter pdcchCandidateReception-WithCRSOverlap, the UE may assume that no resource elements in the CORESET overlap with  LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, .

	Clause 10 of TS 38.213 
When precoderGranularity = allContiguousRBs, a UE does not expect 
-	to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
-	any RE of a CORESET to overlap with any RE determined from
-	lte-CRS-ToMatchAround or LTE-CRS-PatternList if the UE is not provided pdcchCandidateReception-WithCRSOverlap and the UE does not indicate an associated capability corresponding to the configuration of lte-CRS-ToMatchAround or of LTE-CRS-PatternList, or
-	a SS/PBCH block.


Considering there was no differentiation in terms of the precoding granularity during previous discussion, and it has been agreed that there is no change to UE assumption on PDCCH DMRS RE positions/pattern in a symbol that are used for the purpose of channel estimation, therefore we prefer not to introduce a separate UE FG for the precoder granularity of ‘allContiguousRBs’. 
Proposal 1: Do not introduce a new FG on reception of NR PDCCH candidates overlapping with LTE CRS REs in case precoderGranularity equals allContiguousRBs. 

	[5]
	OPPO
	The following were agreed in earlier RAN1 meetings: 
	Conclusion [made in RAN1 #110]
RAN1 understands above agreements [i.e., support of PDCCH reception in overlapping with CRS] applies to 15kHz SCS only.
Agreement  [made in RAN1 #110]
lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applicable to 15 kHz SCS PDSCH only.
Agreement [made in RAN1 #113]
· Reporting type of FG 52-1/52-1a is per band for FR1 only


However, in RAN1 summary of Rel-18 NR UE features [1][2], the “Need of FR1/FR2 differentiation” fields for FGs 52-1/52-1a/52-1b are marked with “N/A”. There is no other places in [1][2] to clarify the FGs 52-1/52-1a/52-1b are applicable to FR1 only. In contrast, the FGs 52-2/52-2a is shown with “FR1 only” in the “Need of FR1/FR2 differentiation” column.  
Proposal 1: Change the “Need of FR1/FR2 differentiation” fields for FGs 52-1/52-1a/52-1b to “FR1 only”.

	[6]
	NTT DOCOMO, INC.
	Although there has been no agreement on the applicable precoder granularity for NR PDCCH reception in symbols with LTE CRS REs during Rel-18 eDSS WI, at least it should be clarified in maintenance session whether there is any restriction on the applicable precoder granularity [3]. We believe that both precoder granularities i.e., REG-bundle size and CORESET size should be applicable to NR PDCCH reception in symbols with LTE CRS REs. There has been no restriction on the precoder granularity for PDCCH reception on symbols overlapping with LTE-CRS in Rel-18 specifications, and hence no CR would be necessary but clarifying it in RAN1 is beneficial.
If above could be clarified in maintenance session, one remaining issue is whether a new FG on support of the precoder granularity of “allContiguousRBs” for NR PDCCH reception in symbols overlapping with LTE CRS REs is necessary or not. The precoder granularity of “allContiguousRBs” is optional capability in Rel-15, and hence there are two possibilities below. 
· Alt.1: no new FG is introduced
· If UE supports Rel-15 FG on “allContiguousRBs” and Rel-18 FG on NR PDCCH reception in symbols overlapping with LTE CRS REs, the UE supports the precoder granularity of “allContiguousRBs” for NR PDCCH reception in symbols overlapping with LTE CRS REs.
· Alt.2: new FG is introduced
· If UE supports the new FG, the UE supports the precoder granularity of “allContiguousRBs” for NR PDCCH reception in symbols overlapping with LTE CRS REs.
For other NR features in similar cases, Alt.1 approach is applied to some features while Alt.2 approach is applied to other features. In our understanding, Alt.2 approach is preferable if there is a case that UE supporting a Rel-15 optional feature and a Rel-18 new feature may not support (or may not be able to be tested) the combined operation of those features, otherwise Alt.1 approach is enough and can avoid introducing unnecessary new FG. For the precoder granularity of “allContiguousRBs” for NR PDCCH reception in symbols overlapping with LTE CRS REs, we think Alt.1 approach would be enough. If Alt.2 approach is necessary, the new FG should have FG3-7 and FG52-1 as prerequisite FGs, and the new FG should have the same reporting granularity with FG52-1 (i.e., per band) even though the reporting granularity of FG3-7 is per UE.
Proposal 1: It is preferable that no new FG is introduced for the support of precoder granularity of “allContiguousRBs” for NR PDCCH reception in symbols overlapping with LTE CRS REs.
· If UE supports Rel-15 FG on “allContiguousRBs” and Rel-18 FG on NR PDCCH reception in symbols overlapping with LTE CRS REs, the UE supports the precoder granularity of “allContiguousRBs” for NR PDCCH reception in symbols overlapping with LTE CRS REs.
Proposal 2: If a new FG is introduced for the support of precoder granularity of “allContiguousRBs” for NR PDCCH reception in symbols overlapping with LTE CRS REs, followings should be applied.
· FG3-7 and FG52-1 as prerequisite FGs
· The reporting granularity is per band

	[7]
	Ericsson
	In previous meetings [3], the issue of introducing separate UE capability for case of precoder granularity set to ‘allContiguousRBs’ was discussed. In Rel18 WI discussion, no additional restriction on using precoder granularity ‘allContiguousRBs’ for reception of NR PDCCH candidates overlapping with LTE-CRS was agreed. The approved CRs introducing the feature [1],[2] already capture this case. In terms of UE features, we do not see major implementation difference to support the feature for this case.  Therefore, we prefer to not introduce a separate FG for the case of precoder granularity set to ‘allContiguousRBs’

	[8]
	Qualcomm Incorporated
	Until Rel-17, a CORESET with the higher-layer parameter precoderGranularity = allContiguousRBs never overlaps with LTE-CRS pattern(s). In Rel-18, such CORESET can overlap with LTE-CRS pattern(s), as specified below in TS 38.211 Clause 7.3.2.2:
	For a CORESET configured by the ControlResourceSet IE: 
-	 is given by the higher-layer parameter frequencyDomainResources;
-	 is given by the higher-layer parameter duration, where  is supported only if the higher-layer parameter dmrs-TypeA-Position equals 3;
-	interleaved or non-interleaved mapping is given by the higher-layer parameter cce-REG-MappingType;
-	 equals 6 for non-interleaved mapping and is given by the higher-layer parameter reg-BundleSize for interleaved mapping;
-	 is given by the higher-layer parameter interleaverSize;
-	 is given by the higher-layer parameter shiftIndex if provided, otherwise ;
-	for both interleaved and non-interleaved mapping:, the UE may assume 
-	the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals sameAsREG-bundle the UE may assume the same precoding being used within a REG bundle 
-	if the higher-layer parameter precoderGranularity equals allContiguousRBs , 
-	the UE may assume the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET
-	, and the UE may assume that no resource elements in the CORESET overlap with an SSB
-	if the UE is not provided with the higher-layer parameter pdcchCandidateReception-WithCRSOverlap, the UE may assume that no resource elements in the CORESET overlap with or LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, if the higher-layer parameter precoderGranularity equals allContiguousRBs.


When a CORESET with the higher-layer parameter precoderGranularity = contiguousRBs overlaps with LTE-CRS pattern(s), DMRS for a PDCCH candidate is spread across entire contiguous RBs of the CORESET. Even if a PDCCH candidate itself does not overlap with LTE-CRS pattern(s), the associated DMRS REs may overlap with it. If a UE reports the UE capability for PDCCH reception overlapped with LTE-CRS (FG52-1) with indicating the need for at least one clean OFDM symbol, and if the UE is configured with a CORESET with the higher-layer parameter precoderGranularity = contiguousRBs, the UE should not be required to monitor a PDCCH candidate, if there is no clean OFDM symbol for DMRS associated with the PDCCH candidate, even when the PDCCH candidate itself does not overlap with LTE-CRS pattern(s).
Examples are illustrated in Fig. 1, where a 2-symbol or 1-symbol CORESET with the higher-layer parameter precoderGranularity = contiguousRBs partially overlaps with LTE-CRS in frequency-domain. In both examples, there is a PDCCH candidate that is not overlaps with LTE-CRS. However, DMRS for the PDCCH candidate overlaps with LTE-CRS within the contiguous RBs. If the UE needs at least one clean OFDM symbol for PDCCH reception overlapping with LTE-CRS, the PDCCH candidate of the 1-symbol CORESET in the right figure, even though not overlapped with LTE-CRS, is not decodable.
[image: ]
Fig. 1	Examples of CORESET with precoderGranularity = contiguousRBs partially overlaps with LTE-CRS
TS38.213 Clause 10 specifies following:
	A UE is not required to monitor PDCCH candidates for a Type0/0A/0B/1/1A /2/2A -PDCCH CSS set when the active TCI state for a corresponding CORESET is not associated with physCellId in ServingCellConfigCommon.
If a UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure described in clause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell. 
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE 
-	is not required to monitor the PDCCH candidate if the UE is not provided pdcchCandidateReception-WithCRSOverlap,
-	monitors the PDCCH candidate if the UE is provided pdcchCandidateReception-WithCRSOverlap and the UE indicates an associated capability corresponding to the configuration of lte-CRS-ToMatchAround or of LTE-CRS-PatternList [18, TS 38.306].
If a UE is provided availableRB-SetsPerCell, the UE is not required to monitor PDCCH candidates that overlap with any RB from RB sets that are indicated as unavailable for receptions by an available RB set indicator field in DCI format 2_0 as described in clause 11.1.1. If the UE does not obtain the available RB set indicator for a symbol, the UE monitors PDCCH candidates on all RB sets in the symbol.


FG52-1 has component 2 as follows:
	2) Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS, b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS}


Since TS38.213 does not specify which PDCCH candidate(s) may not be monitored when the UE is provided pdcchCandidateReception-WithCRSOverlap, it would be easier to add the clarification in the component 2 of FG52-1. For example, following clarification would work.
2) Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when at least one symbol of the NR PDCCH candidate and its associated DMRS is not overlapped with LTE CRS, b) when some or all of symbols of NR PDCCH candidate or its associated DMRS overlap with LTE CRS}
Proposal:
· For a CORESET with precoderGranularity = allContiguousRBs, channel estimation for a PDCCH candidate of the CORESET is based on “legacy CE assumption” or “CE on clean symbol(s) only” using DMRS over the entire contiguous RBs for the PDCCH candidate
· Update the component 2 of FG52-1 as follows:
· 2) Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when at least one symbol of the NR PDCCH candidate and its associated DMRS is not overlapped with LTE CRS, b) when some or all of symbols of NR PDCCH candidate or its associated DMRS overlap with LTE CRS}




Discussion
Proposal 2-1:
· The components 2 of FG52-1 is updated as below.
· Alt.1: Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when precoderGranularity equals sameAsREG-bundle and at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS, and when precoderGranularity equals allContiguousRBs and at least one symbol of the CORESET including the PDCCH candidate is not overlapped with LTE CRS if the UE supports FG 3-7 (precoderGranularityCORESET), b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS}
· Alt.2: Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when at least one symbol of the NR PDCCH candidate and its associated DMRS is not overlapped with LTE CRS, b) when some or all of symbols of NR PDCCH candidate or its associated DMRS overlap with LTE CRS}
	Company
	Comment

	Moderator
	Summary of companies’ views
· Do not introduce separate FG for precoder granularity of ‘allContiguousRBs’: HW/HiSi, ZTE, DCM, E///, QCM
· Update the component 2 description of FG52-1 to clarify that when value a) of component 2 is reported for FG52-1, at least one clean symbol is required for both NR PDCCH candidate and its associated DMRS: HW/HiSi, QCM

For the proposals to update the component 2 description of FG52-1, corresponding contributions are also submitted in AI8.10.1, and hence the coordination with maintenance discussion would be necessary.　As per offline coordination with the moderator of AI8.10.1 (Ravi@Ericsson), moderators assume this issue can be discussed under UE feature.

	OPPO
	Agree this discussion is highly related to the discussion in AI8.10.1. We prefer to have discussion in AI8.10.1 to see what UE behaviors are before considering the UE capability. If the discussion takes place here in UE feature, should companies assume no spec text change in 38.213/211? 
According to RAN1 spec, PDCCH REs does not include PDCCH DMRS RE. What RAN1 agreed for clean symbol is relating to the overlapping between CRS and PDCCH DMRS RE. Therefore we think the change (if any) should at least include PDCCH DMRS RE. So we suggest to consider a 3rd alternative as following: 
Alt.3: Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS has no RE overlapping between LTE CRS and any PDCCH DMRS (if precoderGranularity equals allContiguousRBs), or between LTE CRS and the PDCCH DMRS associated with the NR PDCCH candidate (if precoderGranularity equals sameAsREG-bundle), b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS have RE overlapping between LTE CRS and any PDCCH DMRS (if precoderGranularity equals allContiguousRBs), or between LTE CRS and the PDCCH DMRS associated with the NR PDCCH candidate (if precoderGranularity equals sameAsREG-bundle)}

	vivo
	Ok with either alternative.

	NTT DOCOMO
	As the intentions of Alt.1/2/3 are basically same, we are fine with the intention that clarifying the restrictions according to component 2 in FG52-1.
So, any alternative is acceptable for us. 

	Apple
	Either one is fine for us.

	Qualcomm
	For a CORESET with precoderGranularity = allContiguousRBs, the UE uses DMRS associated with a PDCCH candidate for channel estimation, where the DMRS is mapped over the contiguous RBs of the PDCCH candidate (not the entire CORESET). Alt.1/3 needs some clarifications on this matter (if adopted). With the clarifications, we are open to any Alts.

	ZTE
	Ok to follow the latest agreement from maintenance session. 

	Moderator
	Following was agreed in maintenance session on Monday, and hence, we can close this discussion.

Agreement
· Update the component 2 of FG52-1
	2) Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {
a) when at least one symbol of the NR PDCCH candidate and the DMRS for demodulation of the NR PDCCH candidate is not overlapped with LTE CRS, 
b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS}






Proposal 2-2:
· The “Need of FR1/FR2 differentiation” fields for FGs 52-1/52-1a/52-1b are updated to “N/AFR1 only”
	Company
	Comment

	Moderator
	It seems the proposed update should be fine to be consistent with FG52-2/2a.

	OPPO
	Support. This change is also aligned with RAN1 agreement in the earlier UE feature session. 

	Vivo
	we don’t think this is needed considering that 5-28 does not differentiate FR1/FR2, but as there is an agreement, we can accept this change if the majority see the needs.

	NTT DOCOMO
	Support the proposal 2-2.

	APPLE
	Support.

	Qualcomm
	OK

	ZTE
	Support



Agreement
· The “Need of FR1/FR2 differentiation” fields for FGs 52-1/52-1a/52-1b are updated to “N/AFR1 only”


Question 2-3:
· Is it necessary to introduce following new FGs?
· 52-1c: Puncturing the PDCCH REs colliding with LTE CRS in the PDCCH decoding process	{Supported}
· 52-1d: Usage of PDCCH DMRS REs on the PDCCH symbols overlapping with the CRS symbols	{DMRS REs not overlapping with LTE CRS REs, none of the DMRS REs}
· 52-1e: Support for PDCCH and PDCCH DMRS to LTE CRS power ratio configuration	{Supported}
	Company
	Comment

	OPPO
	52-1c and 52-1d can be UE implementation choices that may change from time to time and therefore should not be informed to gNB as a fixed capability choice.
For 52-1e, if the power ratio is informed to UE, there could be more to consider, such as phase relation between NR PDCCH and LTE CRS, in order to have a better separation of the two signals on UE side. However, we think these kinds of optimizations are too big and too late to be introduced at this stage.    

	NTT DOCOMO
	Although we originally considered similar capability reporting like 52-1c/d, based on the RAN1 agreements regarding FG52-1 esp. component 2, we think there is no chance to reach consensus on introducing them. For 52-1e, we also think it seems to be too late to introduce it.

	Apple
	In our view, it’s not necessary to introduce these FGs during UE feature discussion. If FG52-1c/1d/1e are supported, then more RAN4 work would require defining the related requirements. Basically, it’s UE implementation issue whether to support 52-1c and 1d. 

	Qualcomm
	These were discussed during WI and were not agreed. We think it is too late to discuss these new features.

	ZTE
	Don’t see the motivation for introducing these FGs. 

	Moderator
	Given most companies don’t see the need to introduce these FGs, no proposals are made.




3. FGs for UE support for two overlapping CRS rate matching patterns
In [1], FGs for UE support for two overlapping CRS rate matching patterns.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the Gnb to know if the feature is supported
	Applicable to the capability signalling exchange between Ues (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	52. NR_DSS_enh
	52-2
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier (regardless of support or configuration of multi-TRP)
	1) Support of two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz overlapping with a LTE carrier (regardless of support or configuration of multi-TRP) for the case when crs-RateMatchPerCoresetPoolIndex is not configured
2) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS: {2,3,4,5,6}
3) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS: {1,2,3}
	5-28
	Yes
	N/A
	 UE does not support two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	Per Band
	N/A
	FR1 only
	N/A
	 If a UE supports FG52-2 and FG14-1, FG14-1 is reported for list1/2 and FG52-2 is reported for list3/4
	Optional with capability singaling

	52. NR_DSS_enh
	52-2a
	Two LTE-CRS overlapping rate matching patterns with two different values of coresetPoolIndex within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	Support of two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 with two different values of coresetPoolIndex within a part of NR carrier using 15 kHz overlapping with a LTE carrier for the case when crs-RateMatchPerCoresetPoolIndex is configured

	52-2, 16-2a
	Yes
	N/A
	
	Per Band
	N/A
	FR1 only
	N/A
	
	Optional with capability singaling




Following inputs are provided in contributions for the RAN1#114bis meeting.
	[7]
	Ericsson
	In [1], following component description was agreed for FG 52-2.
1. Support of two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz overlapping with a LTE carrier (regardless of support or configuration of multi-TRP) for the case when crs-RateMatchPerCoresetPoolIndex is not configured
1.  Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS: {2,3,4,5,6}
1. Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS: {1,2,3}
For component 2) and 3), intention of RAN1#112bis-e agreements [2] was that the UE should report the corresponding parameters as part of capability ignalling but this is not fully reflected in the corresponding text description. We propose below minor clarification to avoid any future confusion.
	52. NR_DSS_enh
	52-2
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier (regardless of support or configuration of multi-TRP)
	5) Support of two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz overlapping with a LTE carrier (regardless of support or configuration of multi-TRP) for the case when crs-RateMatchPerCoresetPoolIndex is not configured

[bookmark: _Hlk147137473]2) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS reported with candidate value set: {2,3,4,5,6}

3) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS reported with candidate value set: {1,2,3}
	5-28
	Yes
	N/A
	 UE does not support two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	Per Band
	N/A
	FR1 only
	N/A
	 If a UE supports FG52-2 and FG14-1, FG14-1 is reported for list1/2 and FG52-2 is reported for list3/4
	Optional with capability singaling







Discussion
Proposal 3-1:
· The components 2 and 3 of FG52-2 are updated as below.
· 2) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS reported with candidate value set: {2,3,4,5,6}
· 3) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS reported with candidate value set: {1,2,3}
	Company
	Comment

	Moderator
	It seems the proposed updates are just editorial and should be fine.

	Vivo
	support

	NTT DOCOMO
	Support the proposal 3-1.

	Apple
	Support this Proposal.

	ZTE
	OK



Agreement
· The components 2 and 3 of FG52-2 are updated as below.
· 2) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS with candidate value set: {2,3,4,5,6}
· 3) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS with candidate value set: {1,2,3}


4. Conclusions
Following agreements were made in this meeting

Agreement
· The “Need of FR1/FR2 differentiation” fields for FGs 52-1/52-1a/52-1b are updated to “N/AFR1 only”

Agreement
· The components 2 and 3 of FG52-2 are updated as below.
· 2) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS with candidate value set: {2,3,4,5,6}
· 3) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS with candidate value set: {1,2,3}
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