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1 Introduction
In this contribution, we provide our views on UE features for 
a) NR PDCCH reception in symbols with LTE CRS REs
b)  UE support for two overlapping CRS rate matching patterns.
[bookmark: _Ref494215420]2   Discussion
2.1 NR PDCCH reception in symbols with LTE CRS REs
In RAN1#110 meeting [1], the following agreements were reached for support NR PDCCH reception in symbols with LTE CRS REs [2].

	Agreement
If the feature “Reception of NR PDCCH candidates that overlap with LTE CRS REs “is supported, 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.

Agreement
Reception of NR PDCCH candidates that overlap with LTE CRS REs is supported by Rel18 UEs
PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side.
Note: depends on UE capability 
Following options can be used for PDCCH-DMRS channel estimation
· legacy CE assumption 
· RAN1 consider support this, if no RAN4 performance requirements are defined
· CE on clean symbol(s) only (this channel estimation option does not apply for 1 symbol CORESET)

Note: Restriction on the symbols and/or LTE CRS patterns applicable for above agreements can be considered during UE capability session.

Conclusion
RAN1 understands above agreements applies to 15kHz SCS only.



FG X-1 can be a basic feature group to indicate the support of “reception of NR PDCCH candidates that overlap with LTE CRS REs”. It includes a set of capability components, including restriction on symbols, applicable search space, and applicable LTE CRS patterns, etc. 
FG 5-28 (Rate-matching around LTE CRS) and FG 3-1(Basic DL control channel) should be the prerequisite feature groups of this feature. 
According to agreement in RAN1#110-e meeting, it is RAN1 understanding that the feature is supported by UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension. In addition, PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side. There are two options can be used for PDCCH-DMRS channel estimation: legacy CE assumption, CE on clean symbol(s) only. These should be considered components of UE feature.
There is no conclusion about symbol restriction about this feature. It is not clear whether or not NR PDCCH can extend to symbol#0. RAN1 never evaluated the overlapped symbol on Symbol#0 and this case should be excuded.  Otherwise, the PDCCH decoding performance will deteriorate.  Another issue is whether additional restriction is needed, e.g., the feature is for NR PDCCH overlapping with LTE CRS within the first 3 symbols only, or can be any symbol contains LTE CRS in a slot. We think the former can be supported.
For the restriction on LTE CRS pattern lists, if two CRS patterns overlapping in frequency can be configured to puncture NR PDCCH, it will have a great impact on decoding performance. Thus, we think only one LTE CRS pattern is applicable to NR PDCCH candidate. 
For the CSS such as Type 0/0A/1/2, it is typically cell specific and they might be shared by a group of UEs such as UE is before RRC connection setup. Thus, it is not feasible to do LTE CRS puncture NR PDCCH associated with Type 0/0A/1/2 CSS. Thus, NR PDCCH in Type 0/0A/1/2 CSS should be transmitted using legacy PDCCH/CORESET on non-LTE CRS symbol(s).
Given the agreement in RAN1#110b-e clearly states that “Reception of NR PDCCH candidates that overlap with LTE CRS REs” applies to 15kHz SCS only, this should be reflected in UE feature framework. Thus, the feature should be based on the granularity of per band. The FR1/FR2 differentiation of the eDSS feature list should be “yes”. Regarding the “Mandatory/Optional” for the feature of NR PDCCH reception in symbols with LTE CRS REs, it is suggested to be “Optional with capability signalling”. 
Based on the discussion and analysis above, the feature “NR PDCCH reception in symbols with LTE CRS REs” may contain the following components: 
1) UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension
2) PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side
3) PDCCH-DMRS channel estimation methods: legacy CE assumption, CE on clean symbol(s) only 
4) Symbol restriction: reception of NR PDCCH overlapped with LTE CRS Res on symbol#1 
5) LTE CRS pattern lists restriction: only one LTE CRS pattern 
6) Search space restrictions: PDCCH on USS
7) PDCCH monitoring occasion(s) is within the first 3 OFDM symbols
[bookmark: _Ref83820267]Proposal 1. For the UE feature on eDSS, the following aspects should be considered
· Prerequisite feature groups of X-1 include 5-28, 3-1
· The granularity of the NR-PDCCH recepetion with LTE-CRS is per Band
· “Need for FR1/FR2 differentiation” should be “Applicable to FR1 only”
· “Mandatory/Optional” should be “Optional with capability signalling”
· Consider following components
· PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side
· UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension
· PDCCH-DMRS channel estimation methods: legacy CE assumption, CE on clean symbol(s) only 
· Symbol restriction: reception of NR PDCCH overlapped with LTE CRS REs on symbol#1
· LTE CRS pattern lists restriction: only one LTE CRS pattern 
· Search space restrictions: PDCCH on USS
· PDCCH monitoring occasion(s) is within the first 3 OFDM symbols

2.2 UE support for two overlapping CRS rate matching patterns
In RAN1#110 meeting [1], the following agreements were reached for support of two overlapping CRS patterns for Rel-18 DSS.
	Agreement 
lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applicable to 15 kHz SCS PDSCH only.

Agreement
The following TP for sub-clause 5.1.4.2 of TS 38.214 h20 is endorsed in principle. 


5.1.4.2	PDSCH resource mapping with RE level granularity
<omitted text>
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 or lte-CRS-PatternList3-r18 in ServingCellConfig configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	For the UE for broadcast reception, REs indicated by 'RateMatchPatternLTE-CRS' in PDSCH-Config-MCCH or PDSCH-Config-MCCH configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	Each RateMatchPatternLTE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to ‘0’, or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to ‘1’;
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and if the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are declared as not available for PDSCH.
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList3-r18 if the PDSCH is associated with coresetPoolIndex set to ‘0’, or the CRS pattern(s) in lte-CRS-PatternList4-r18 if PDSCH is associated with coresetPoolIndex set to ‘1’;
-	otherwise, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, in ServingCellConfig.
<omitted text>




FG X-2 can be a basic feature group to indicate the support of “support of two overlapping CRS patterns for Rel-18 DSS”. It includes a set of capability components, including support for two overlapping CRS rate matching patterns Rel-18 DSS and restriction on configuration of lte-CRS-PatternList3 and lte-CRS-PatternList3, etc. Prerequisite feature groups of X-2 should include 14-1 only.
Accordign to the agreement in RAN1#110, lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applicable to 15 kHz SCS PDSCH only. Thus, the granularity of feature should be per Band.  “Need for FR1/FR2 differentiation” should be “Applicable to FR1 only”.  “Mandatory/Optional” should be “Optional with capability signalling” in feature X-2.
Proposal 2. For the UE feature on support of two overlapping CRS patterns for Rel-18 DSS, the following aspects should be considered
· Prerequisite feature groups of X-1 include 14-1
· The granularity of the support of two overlapping CRS patterns for Rel-18 DSS is per Band
· “Need for FR1/FR2 differentiation” should be “Applicable to FR1 only”
· “Mandatory/Optional” should be “Optional with capability signalling”
· Consider following components
· [bookmark: _GoBack]Support for two overlapping CRS rate matching patterns 
· Not configure lte-CRS-PatternList3 and lte-CRS-ToMatchAround, or this field and lte-CRS-PatternList1, or this field and lte-CRS-PatternList2 simultaneously.
· Configure lte-CRS-PatternList4 only if the field lte-CRS-ToMatchAround is not configured and the field lte-CRS-PatternList3 is configured 
· The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3. The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on
· If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and if the UE is configured by higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are declared as not available for PDSCH.
· If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList3-r18 if the PDSCH is associated with coresetPoolIndex set to ‘0’, or the CRS pattern(s) in lte-CRS-PatternList4-r18 if PDSCH is associated with coresetPoolIndex set to ‘1’;
-	otherwise, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, in ServingCellConfig.

Proposal 3: Rel-18 UE feature for eDSS considers table in Appendix A.

3   Conclusion
In this contribution, we have the following proposals.
Proposal 1. For the UE feature on NR PDCCH reception in symbols with LTE CRS REs, the following aspects should be considered
· Prerequisite feature groups of X-1 include 5-28, 3-1
· The granularity of the NR-PDCCH recepetion with LTE-CRS is per Band
· “Need for FR1/FR2 differentiation” should be “Applicable to FR1 only”
· “Mandatory/Optional” should be “Optional with capability signalling”
· Consider following components
· PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side
· UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension
· PDCCH-DMRS channel estimation methods: legacy CE assumption, CE on clean symbol(s) only 
· Symbol restriction: reception of NR PDCCH overlapped with LTE CRS REs on symbol#1
· LTE CRS pattern lists restriction: only one LTE CRS pattern 
· Search space restrictions: PDCCH on USS
· PDCCH monitoring occasion(s) is within the first 3 OFDM symbols
Proposal 2. For the UE feature on support of two overlapping CRS patterns for Rel-18 DSS, the following aspects should be considered
· Prerequisite feature groups of X-1 include 14-1
· The granularity of the support of two overlapping CRS patterns for Rel-18 DSS is per Band
· “Need for FR1/FR2 differentiation” should be “Applicable to FR1 only”
· “Mandatory/Optional” should be “Optional with capability signalling”
· Consider following components
· Support for two overlapping CRS rate matching patterns  
· Not configure lte-CRS-PatternList3 and lte-CRS-ToMatchAround, or this field and lte-CRS-PatternList1, or this field and lte-CRS-PatternList2 simultaneously
· Configure lte-CRS-PatternList4 only if the field lte-CRS-ToMatchAround is not configured and the field lte-CRS-PatternList3 is configured 
· The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3. The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on
· If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList3-r18 if the PDSCH is associated with coresetPoolIndex set to ‘0’, or the CRS pattern(s) in lte-CRS-PatternList4-r18 if PDSCH is associated with coresetPoolIndex set to ‘1’;
-	otherwise, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, in ServingCellConfig.

Proposal 3: Rel-18 UE feature for eDSS considers table in Appendix A.
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5   Appendix A:  proposed feature group
	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

	eDSS
	X-1
	Reception of NR PDCCH candidates that overlap with LTE CRS REs
	Support of Reception of NR PDCCH candidates that overlap with LTE CRS REs
1) UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension
2) PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side
3) PDCCH-DMRS channel estimation methods: legacy CE assumption, CE on clean symbol(s) only 
4) Symbol restriction: reception of NR PDCCH overlapped with LTE CRS Res on symbol#1 
5) LTE CRS pattern lists restriction: only one LTE CRS pattern 
6) Search space restrictions: PDCCH on USS
7) PDCCH monitoring occasion(s) is within the first 3 OFDM symbols

	5-28, 3-1
	Yes
	N/A
	Reception of NR PDCCH candidates that overlap with LTE CRS REs is not supported
	Per Band
	No
	Applicable to FR1 only
	No
	

	Optional with capability signalling

	eDSS
	X-2
	Two overlapping LTE-CRS rate matching patterns
	1) Support for two overlapping CRS rate matching patterns 
2)  Not configure lte-CRS-PatternList3 and lte-CRS-ToMatchAround, or this field and lte-CRS-PatternList1, or this field and lte-CRS-PatternList2 simultaneously
3) Configure lte-CRS-PatternList4 only if the field lte-CRS-ToMatchAround is not configured and the field lte-CRS-PatternList3 is configured 
4) The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3. The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on
5) If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList3-r18 if the PDSCH is associated with coresetPoolIndex set to ‘0’, or the CRS pattern(s) in lte-CRS-PatternList4-r18 if PDSCH is associated with coresetPoolIndex set to ‘1’;
-	otherwise, REs indicated by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, in ServingCellConfig.
	14-1
	Yes
	N/A
	Two overlapping LTE-CRS rate matching patterns is not supported
	Per Band
	No
	Applicable to FR1 only
	No
	For eDSS

The number of the additional CRS rate matching patterns reported in Rel-18 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot

	Optional with capability signalling
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