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1. Background
RAN1#110 agreements are as follows [1]:
	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
[bookmark: _Hlk114751794]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.



In this contribution, we discuss some maintenance aspects of Rel-18 DSS.

2. Discussions
2.1	General framework
As copied in the background above, RAN1 agreed to allow two options for PDCCH-DMRS based channel estimations. These two options offer different PDCCH BLER performances. Therefore, a UE should be allowed to report the UE capability signalling regarding which channel estimation option(s) is/are supported.

Proposal 1: 
· A UE should be able to report, as part of its UE capability signalling, the support of either or both of:
· Opt.1: Legacy CE assumption
· Opt.2: CE on clean symbol(s) only
· Details of UE capability signalling is to be discussed under Rel-18 UE feature list session

2.2	Clarification for wideband RS CORESET
For Opt.2 (CE on clean symbol(s) only), further clarification is necessary on whether a UE can be configured with CORESET/search space that causes a PDCCH candidate having no clean symbol(s) for channel estimation, or the configuration itself is treated as an error case. In Rel-17, CORESET/search space configuration that causes PDCCH candidate collision with LTE-CRS REs is allowed for a non-wideband RS CORESET (a CORESET with precoderGranularity = sameAsREG-bundle) in which case the PDCCH candidate is not monitored. On the other hand, such configuration itself is not allowed for a wideband RS CORESET (a CORESET with precoderGranularity = allContiguousRBs) as specified as follows in TS38.211. Therefore, RAN1 should discuss the clarification for these two types of CORESETs, separately.

	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; 
[bookmark: _Hlk498503446]-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB 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.



In addition, a UE uses different sets of DMRS REs for channel estimation for a PDCCH candidate in non-wideband RS CORESET and wideband RS CORESET.  For a non-wideband RS CORESET (a CORESET with precoderGranularity = sameAsREG-bundle), a UE uses DMRS REs within the set of REGs of a PDCCH candidate. For a wideband RS CORESET (a CORESET with precoderGranularity = allContiguousRBs), a UE uses DMRS REs within all the REGs of the contiguous RBs in the CORESET where the UE attempts to decode a PDCCH candidate. This causes a differentiation of “clean symbol(s)” for channel estimation for non-wideband RS CORESET and wideband CORESETs.

Figure 1 below illustrates the cases where there is a non-LTE-CRS symbol for all the PDCCH candidates for non-wideband RS CORESET (left) and wideband RS CORESET (right). 
· For non-wideband RS CORESET (left) in Rel-17, such configuration is allowed, and the UE does not monitor PDCCH candidates 2 and 3 (and monitors PDCCH candidate 1). It is straightforward that the configuration is still allowed in Rel-18 DSS CE Opt.1 and Opt.2. In case of CE Opt.2 (CE on clean symbol(s) only), the UE uses DMRS on clean symbol only for PDCCH candidates 2 and 3. 
· For wideband RS CORESET (right) in Rel-17, such configuration itself is not allowed. For CE Opt.1 (Legacy CE assumption), the configuration can be allowed. For CE Opt.2 (CE on clean symbol(s) only), the configuration can be allowed as well, given the understanding that the UE uses DMRS on clean symbol only for all the PDCCH candidates 1, 2, and 3.

[image: ]
Fig. 1	2-symbol CORESET overlaps with LTE-CRS REs on one of the 2 symbols.

Figure 2 below illustrates the cases where there is no non-LTE-CRS symbol for some of the PDCCH candidates for non-wideband RS CORESET (left) and wideband RS CORESET (right). 
· For non-wideband RS CORESET (left) in Rel-17, such configuration is allowed, and the UE does not monitor PDCCH candidates 2 and 3 (and monitors PDCCH candidate 1). It is straightforward that the configuration is still allowed in Rel-18 DSS CE Opt.1. In case of CE Opt.2 (CE on clean symbol(s) only), although RAN1’s agreement is not clear, it is possible to allow such configuration. If allowed, the UE behaviour is same as legacy (monitors PDCCH candidate 1 and does not monitor PDCCH candidates 2 and 3). 
· For wideband RS CORESET (right) in Rel-17, such configuration itself is not allowed. In Rel-18, for CE Opt.1 (Legacy CE assumption), the configuration can be allowed. For CE Opt.2 (CE on clean symbol(s) only), it is not clear whether the configuration is allowed. In either case, the UE does not monitor all the PDCCH candidates in this contiguous RBs. RAN1 should clarify this, since RAN1 spec impact would depend.
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Fig. 2	1-symbol CORESET overlaps with LTE-CRS REs on the symbol.

Proposal 2:
· For Opt.2 (CE on clean symbol(s) only):
· For a CORESET with precoderGranularity = sameAsREG-bundle (i.e., non-wideband RS CORESET), clarify the following:
· the UE does not monitor a PDCCH candidate if there is no clean symbol(s) for channel estimation within the set of REGs of the PDCCH candidate
· For a CORESET with precoderGranularity = allContiguousRBs (i.e., wideband RS CORESET), clarify either of the following:
· the UE does not expect to be configured such that there is no clean symbol(s) for channel estimation within all the REGs of the contiguous RBs in the CORESET where the UE attempts to decode a PDCCH candidate, or;
· the UE does not monitor a PDCCH candidate if there is no clean symbol(s) for channel estimation within all the REGs of the contiguous RBs in the CORESET where the UE attempts to decode the PDCCH candidate


2.3	Clarification for two overlapping LTE-CRS pattern lists
A UE can be configured with two overlapping LTE-CRS pattern lists since Rel-16. For a PDSCH rate-matching, if a UE is not configured with crs-RateMatch-PerCoresetPoolIndex, the UE takes into account both lists; otherwise, depending on the value of coresetPoolIndex configured to the CORESET where the UE detects the scheduling DCI, the UE selects one of the two overlapping LTE-CRS pattern lists to take into account. This is specified in TS38.214 as follows.

	-	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.



For Opt.2 “CE on clean symbol(s) only”, it should be clear which LTE-CRS pattern(s) and LTE-CRS pattern list(s) are taken into account to determine the clean symbol(s) for channel estimation. There can be following options:
· Opt.A: Regardless of whether crs-RateMatch-PerCoresetPoolIndex is configured, the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of any LTE-CRS pattern list(s)
· Opt.B: 
· If the UE is not configured with crs-RateMatchPerCoresetPoolIndex, the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of any LTE-CRS pattern list(s)
· If the UE is configured with crs-RateMatchPerCoresetPoolIndex, 
· the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of the LTE-CRS pattern list provided by lte-CRS-PatternList1-r16 or lte-CRS-PatternList3-r18 for a PDCCH candidate associated with CORESET having coresetPoolIndex value = 0, and;
· the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of the LTE-CRS pattern list provided by lte-CRS-PatternList2-r16 or lte-CRS-PatternList4-r18 for a PDCCH candidate associated with CORESET having coresetPoolIndex value = 1

We think it is reasonable to clarify that Opt.B is the correct understanding for Rel-18 DSS with CE Opt.2 (CE on clean symbol(s) only) for two overlapping LTE-CRS pattern lists. 

Proposal 3:
· For Opt.2 (CE on clean symbol(s) only), further clarify the following: 
· If the UE is not configured with crs-RateMatchPerCoresetPoolIndex, the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of any LTE-CRS pattern list(s)
· If the UE is configured with crs-RateMatchPerCoresetPoolIndex, 
· the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of the LTE-CRS pattern list provided by lte-CRS-PatternList1-r16 or lte-CRS-PatternList3-r18 for a PDCCH candidate associated with CORESET having coresetPoolIndex value = 0, and;
· the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of the LTE-CRS pattern list provided by lte-CRS-PatternList2-r16 or lte-CRS-PatternList4-r18 for a PDCCH candidate associated with CORESET having coresetPoolIndex value = 1

3. Conclusion
In this contribution, we discussed some maintenance aspects of Rel-18 DSS and propose the following.

Proposal 1: 
· A UE should be able to report, as part of its UE capability signalling, the support of either or both of:
· Opt.1: Legacy CE assumption
· Opt.2: CE on clean symbol(s) only
· Details of UE capability signalling is to be discussed under Rel-18 UE feature list session

Proposal 2:
· For Opt.2 (CE on clean symbol(s) only):
· For a CORESET with precoderGranularity = sameAsREG-bundle (i.e., non-wideband RS CORESET), clarify the following:
· the UE does not monitor a PDCCH candidate if there is no clean symbol(s) for channel estimation within the set of REGs of the PDCCH candidate
· For a CORESET with precoderGranularity = allContiguousRBs (i.e., wideband RS CORESET), clarify either of the following:
· the UE does not expect to be configured such that there is no clean symbol(s) for channel estimation within all the REGs of the contiguous RBs in the CORESET where the UE attempts to decode a PDCCH candidate, or;
· the UE does not monitor a PDCCH candidate if there is no clean symbol(s) for channel estimation within all the REGs of the contiguous RBs in the CORESET where the UE attempts to decode the PDCCH candidate

Proposal 3:
· For Opt.2 (CE on clean symbol(s) only), further clarify the following: 
· If the UE is not configured with crs-RateMatchPerCoresetPoolIndex, the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of any LTE-CRS pattern list(s)
· If the UE is configured with crs-RateMatchPerCoresetPoolIndex, 
· the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of the LTE-CRS pattern list provided by lte-CRS-PatternList1-r16 or lte-CRS-PatternList3-r18 for a PDCCH candidate associated with CORESET having coresetPoolIndex value = 0, and;
· the UE determines clean symbol(s) based on any LTE-CRS pattern(s) of the LTE-CRS pattern list provided by lte-CRS-PatternList2-r16 or lte-CRS-PatternList4-r18 for a PDCCH candidate associated with CORESET having coresetPoolIndex value = 1
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