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Introduction
[bookmark: _Hlk115102683]RAN1#110 made the core agreement for configuring PDCCH on LTE CRS as follows:
	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.



RAN1#110bis further discussed the UE capabilities and RRC configuration of the NR PDCCH on LTE CRS under agenda item 9.17 – Rel-18 Others under an email thread [110bis-e-R18-Others-01] with no conclusion [4].
This contribution continues the discussion on UE capabilities and RRC configuration of the RAN1#110bis.

Interaction of the gNB Tx scheme and UE CE scheme
RAN1#110bis feature lead summary document asked about NW indication of a CE or Tx scheme to the UE. The discussion seemed to reveal two general aspects:
1. The network configuration of the PDCCH Channel Estimator scheme to the UE
2. The network configuration of the UE with what to assume on the PDCCH / PDCCH DMRS REs colliding with the LTE CRS

The configuration of the channel estimator scheme is tightly linked to the UE capability indication on what the UE can do with the PDCCH REs overlapping the LTE CRS REs. There’d also need to be a clear definition of particular channel estimator scheme’s usage of PDCCH DMRS REs. The channel estimator configuration would effectively to have some relation to what the gNB is doing in configuring the CORESET and on what it is transmitting on the colliding REs.
The indication of the gNB Tx Scheme to the UE (what the gNB is doing with the colliding REs) is the other side of the coin of the UE CE scheme, where the gNB either adapts its Tx scheme to what the UE CE is, or alternatively the gNB tells the UE its Tx scheme and the UE can adapt its receiver to at the best of its ability to what the gNB is doing.
a) Posible UE CE schemes
· The legacy CE: The UE uses the nominal PDCCH DMRS REs in the channel estimation. The fact that some PDCCH DMRS REs collide with LTE CRS REs as well as potential knowledge of the gNB Tx scheme employed on the colliding REs is not impacting how the UE uses the DMRS for PDCCH channel estimatoin.
· Overlap-optimized CE 
· The UE ignores the PDCCH DMRS REs colliding with LTE CRS
· If the CORESET had at least one symbol not overlapping with LTE CRS REs then the UE uses the PDCCH DMRSs of the clean symbol(s) only
· If the UE knew the gNB Tx scheme it could use the PDCCH DMRS on the colliding REs only when the gNB actually transmitted PDCCH DMRS on those RE
b) Possible gNB Tx schemes: 
· When the PDCCH DMRS REs and the LTE CRS REs collide, on the colliding REs the gNB could 
· puncture the PDCCH DMRS out, 
· puncture the LTE CRS out or 
· superposition the PDCCH DMRS with LTE CRS.
· The Tx scheme could be a function of PDCCH aggregation level

In our view there is no necessity for the network to be in explicit control of the UE’s channel estimator implementation to be used even though it would be beneficial for the gNB to know what the UEs abilities of PDCCH DMRS processing under different configurations are.
Observation 1: The gNB Tx scheme (and CORESET configuration) and the UE’s capabilities for using the PDCCH DMRS are interlinked
Observation 2: for a gNB that is aware of the UE’s capabilities for using PDCCH DMRS REs when PDCCH overlaps with LTE CRS, configuring the UE with 
· the PDCCH CE scheme to apply or
· the applied gNB Tx scheme  
are interchangeable.
Proposal 1: For UE configuration of NR PDCCH overlapping with LTE CRS agree either
· Alt 1: The gNB configures the UE to apply one of the following PDCCH CE schemes for PDCCHs overlapping with LTE CRS (within the UEs indicated capabilities)
· Legacy: The UE uses all the nominally present PDCCH DMRS REs for CE disregarding any collisions with LTE CRS
· The UE ignores the PDCCH DMRS REs colliding with LTE CRS
· If the CORESET of the PDCCH has at least one symbol not overlapping with LTE CRS REs then the UE uses the PDCCH DMRSs of the clean symbol(s) only
· If the UE is provided with the gNB Tx scheme it uses the PDCCH DMRS on the colliding REs only when the gNB actually transmitted PDCCH DMRS on those RE
· The UE is provided with a PDCCH-to-CRS power ratio the UE may take into account
· The applied CE scheme is configured per aggregation level
· Alt 2: The gNB configures the UE with one of the following as the Tx scheme it applies for PDCCHs overlapping with LTE CRS (within the UEs indicated capabilities)
· PDCCH DMRS REs overlapping with LTE CRS REs are not transmitted
· PDCCH DMRS REs overlapping with LTE CRS REs are transmitted
· LTE CRS REs are not transmitted
· LTE CRS REs are superpositioned with a relative power ratio of X dB
· The applied Tx scheme is configured per aggregation level


UE capability indications
Directly related to the discussion in section 2, RAN1 has discussed over several meetings whether the specifications should allow the possibility to configure the UE with a CORESET that does not have a “clean” symbol, i.e. there is no symbol that doesn’t overlap with LTE CRS. However, we do not see this as a UE capability differentiator per-se; it is clear that the all UEs have the ability to demodulate and decode a PDCCH, and this ability is still there even if the PDCCH is overlapping (fully or partially) with LTE CRS. The Rel-15 UEs can be configured with a CORESET that doesn’t have clean symbols as long as the UE is not aware of the presence of the LTE CRS in the system, in which case the UE would happily process the PDCCH candidate without ever bothering to worry about what the CRS REs are doing to the PDCCH channel estimate or demodulation performance. Making the UE aware of the LTE CRS presence should not eliminate this UEs ability of handling the fully CRS-overlapping CORESET.
Observation 3: Legacy PDCCH CE is able to process PDCCH with all symbols overlapping with LTE CRS
Proposal 2: Basic UE capability for PDCCH overlapping with LTE CRS supports CORESET configuration with all symbols overlapping with LTE CRS REs

The UE’s support for processing a PDCCH candidate that has REs overlapping with LTE CRS REs configured to the UE is obviously a new UE capability as the legacy UEs are expected to drop the PDCCH candidates that it knows overlap with LTE CRS. Furthermore, as shown in [2], 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 4: It is beneficial for the gNB to know to what the UE is capable of in terms of PDCCH processing when overlapping with LTE CRS

Different UE capabilities helping the network to decide what to do with the colliding REs are:
· Is the PDCCH channel estimator using the DMRS of the symbol with the LTE CRS REs
· Is the PDCCH channel estimator using the DMRS REs colliding with the LTE CRS REs
· Is the PDCCH decoder always puncturing the PDCCH REs colliding with the LTE CRS RE
· 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 4 separate capabilities as outlined in table 1:
Proposal 3: Take the table 1 as the basis for UE capability discussion for the PDCCH overlapping with LTE CRS

Table 1: Set of new Rel-18 UE capabilities for PDCCH overlapping LTE CRS
	FG
	FG name
	Components
	Value range
	Note

	X-1
	Support for PDCCH monitoring on LTE CRS
	The UE is capable of monitoring a PDCCH candidate that overlaps with LTE CRS RE(s) using all the PDCCH DMRS REs nominally present with the candidate
	{Supported}
	Basic capability for this feature. Can be supported with the PDCCH channel estimator as implemented in earlier releases.

	X-2a
	Optimized PDCCH CE for PDCCH overlapping with LTE CRS #1
	Support for ignoring the PDCCH DMRS REs colliding with LTE CRS

	{Supported}
	X-1 is a pre-requisite capability

	X-2b
	Optimized PDCCH CE for PDCCH overlapping with LTE CRS #2
	Support for ignoring the PDCCH DMRS REs of a symbol colliding with LTE CRS and base the PDCCH channel estimate on the symbol(s) with no overlap with LTE CRS, if at least one present
	{Supported}
	X-1 is a pre-requisite capability

	X-3
	Optimized PDCCH decoding for PDCCH overlapping with LTE CRS
	Support for ignoring the PDCCH REs colliding with LTE CRS

	{Supported}

	X-1 is a pre-requisite capability

	X-4
	PDCCH to LTE CRS configuration
	Support for PDCCH and PDCCH DMRS to LTE CRS power ratio configuration
	{Supported}
	X-1 is a pre-requisite capability





Conclusion
In this Tdoc the following observations and proposals are made on the PDCCH overlapping with LTE CRS:
On feature configuration to the UE
Observation 1: The gNB Tx scheme (and CORESET configuration) and the UE’s capabilities for using the PDCCH DMRS are interlinked
Observation 2: for a gNB that is aware of the UE’s capabilities for using PDCCH DMRS REs when PDCCH overlaps with LTE CRS, configuring the UE with 
· the PDCCH CE scheme to apply or
· the applied gNB Tx scheme  
are interchangeable.
Proposal 1: For UE configuration of NR PDCCH overlapping with LTE CRS agree either
· Alt 1: The gNB configures the UE to apply one of the following PDCCH CE schemes for PDCCHs overlapping with LTE CRS (within the UEs indicated capabilities)
· Legacy: The UE uses all the nominally present PDCCH DMRS REs for CE disregarding any collisions with LTE CRS
· The UE ignores the PDCCH DMRS REs colliding with LTE CRS
· If the CORESET of the PDCCH has at least one symbol not overlapping with LTE CRS REs then the UE uses the PDCCH DMRSs of the clean symbol(s) only
· If the UE is provided with the gNB Tx scheme it uses the PDCCH DMRS on the colliding REs only when the gNB actually transmitted PDCCH DMRS on those RE
· The UE is provided with a PDCCH-to-CRS power ratio the UE may take into account
· The applied CE scheme is configured per aggregation level
· Alt 2: The gNB configures the UE with one of the following as the Tx scheme it applies for PDCCHs overlapping with LTE CRS (within the UEs indicated capabilities)
· PDCCH DMRS REs overlapping with LTE CRS REs are not transmitted
· PDCCH DMRS REs overlapping with LTE CRS REs are transmitted
· LTE CRS REs are not transmitted
· LTE CRS REs are superpositioned with a relative power ratio of X dB
· The applied Tx scheme is configured per aggregation level


On UE capabilities reported to the network
Observation 3: Legacy PDCCH CE is able to process PDCCH with all symbols overlapping with LTE CRS
Proposal 2: Basic UE capability for PDCCH overlapping with LTE CRS supports CORESET configuration with all symbols overlapping with LTE CRS REs
Observation 4: It is beneficial for the gNB to know to what the UE is capable of in terms of PDCCH processing when overlapping with LTE CRS
Proposal 3: Take the table 1 as the basis for UE capability discussion for the PDCCH overlapping with LTE CRS

Table 1: Set of new Rel-18 UE capabilities for PDCCH overlapping LTE CRS
	FG
	FG name
	Components
	Value range
	Note

	X-1
	Support for PDCCH monitoring on LTE CRS
	The UE is capable of monitoring a PDCCH candidate that overlaps with LTE CRS RE(s) using all the PDCCH DMRS REs nominally present with the candidate
	{Supported}
	Basic capability for this feature. Can be supported with the PDCCH channel estimator as implemented in earlier releases.

	X-2a
	Optimized PDCCH CE for PDCCH overlapping with LTE CRS #1
	Support for ignoring the PDCCH DMRS REs colliding with LTE CRS

	{Supported}
	X-1 is a pre-requisite capability

	X-2b
	Optimized PDCCH CE for PDCCH overlapping with LTE CRS #2
	Support for ignoring the PDCCH DMRS REs of a symbol colliding with LTE CRS and base the PDCCH channel estimate on the symbol(s) with no overlap with LTE CRS, if at least one present
	{Supported}
	X-1 is a pre-requisite capability

	X-3
	Optimized PDCCH decoding for PDCCH overlapping with LTE CRS
	Support for ignoring the PDCCH REs colliding with LTE CRS

	{Supported}

	X-1 is a pre-requisite capability

	X-4
	PDCCH to LTE CRS configuration
	Support for PDCCH and PDCCH DMRS to LTE CRS power ratio configuration
	{Supported}
	X-1 is a pre-requisite capability
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