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1. Introduction
In RAN1#109-e, following agreements were made on the evaluations related to NR PDCCH reception in symbols with LTE CRS REs [1]. 

	Agreement 
To evaluate the following options:
· Option-1-1: No NR-PDCCH-DMRS is transmitted for only the REs overlapping with LTE-CRS of the OFDM symbol, NR-PDCCH is punctured on REs colliding with LTE-CRS, NR-PDCCH must span at least 2 consecutive symbols with at least 1 symbol not overlapping with LTE-CRS 
· Option-1-2: No NR-PDCCH-DMRS is transmitted in any RE of the OFDM symbol, NR-PDCCH is transmitted on REs not colliding with LTE-CRS including the original DMRS, NR-PDCCH is punctured on REs colliding with LTE-CRS, NR-PDCCH must span at least 2 consecutive symbols with at least 1 symbol not overlapping with LTE-CRS 
· Option-2: NR-PDCCH or NR-PDCCH-DMRS is transmitted on REs not colliding with LTE-CRS, NR-PDCCH and NR-PDCCH-DMRS may or may not be punctured on REs colliding with LTE-CRS
· No puncture is baseline (UE side)

Observation
For evaluations consider the following options:
Option 1-1:
· PDCCH and PDCCH DMRS mapping to REs: Legacy
· PDCCH REs overlapping with LTE CRS: Receiver punctures
· [bookmark: _Hlk103593086]PDCCH DMRS REs overlapping with LTE CRS: All DMRS REs on overlapping symbol Not used for CE, or legacy pattern is assumed
· gNB transmits: Irrelevant what the gNB transmits on REs overlapping with the LTE CRS REs as indicated in the CRS RM pattern. 
· Channel estimator: operate on clean symbol DMRS only, Legacy
Option 1-2:
· PDCCH and PDCCH DMRS mapping to REs: New PDCCH rate-matching
· No PDCCH DMRS on the symbol overlapping with LTE CRS 
· PDCCH REs overlapping with LTE CRS: Receiver punctures
· PDCCH DMRS REs overlapping with LTE CRS: Not expected
· Channel estimator (UE assumption): Operate on clean symbol DMRS only
· gNB transmits: Irrelevant what the gNB transmits on REs overlapping with the LTE CRS REs as indicated in the CRS RM pattern
Option 2:
· PDCCH and PDCCH DMRS mapping to REs: Legacy
· PDCCH REs overlapping with LTE CRS: Baseline: Process as legacy 
· PDCCH DMRS REs overlapping with LTE CRS: Aware or unaware
· Channel estimator: Baseline: Process as legacy (Receiver does not puncture DMRS), Optional: Advanced receiver (Use the DMRS other than legacy behavior)
· gNB transmits: 
· Baseline: May puncture the PDCCH/PDCCH DMRS, or may superposition the two. 
· Optional: may puncture LTE CRS of Port#2&3. 
· Impact to LTE UEs should be considered if superposition is used.

Agreement
For evaluations consider the following list of scenarios:
Scenario#1A: 1 symbol CORESET, overlapped with CRS – Option 2 only
Scenario#2: 2 symbols CORESET, including 1 overlapping symbol and 1 clean symbol – Option 1-1/1-2/2
Scenario#3: 3 symbols CORESET, including 1 overlapping symbol and 2 clean symbols – Option 1-1/1-2/2



In this contribution, we discuss on some consideration points for the NR PDCCH reception in symbols with LTE CRS REs.

2. Discussions
In case of Option 1-1 in RAN1#109-e agreement, by keeping same location of control/DMRS REs as in Rel-15, part of the control/DMRS REs in the REGs (on LTE CRS symbols) would be punctured by CRS REs. For example, 2 control REs or {1 control RE + 1 DMRS RE} can be punctured per REG by 1-port CRS, or {3 control REs + 1 DMRS RE} are punctured per REG by 2/4-port CRS. In this case, the performance (in terms of coding rate/gain) of NR PDCCH might be degraded for a given CCE aggregation level.
In case of Option 1-2, by considering the coding rate/gain of NR PDCCH, the REGs on LTE CRS symbols can only consist of control REs without DMRS REs. For example, the number of control REs per REG (on LTE CRS symbol) would be 10 (for 1-port CRS) or 8 (for 2/4-port CRS). In this case, the CORESET (or associated SS set) for NR PDCCH would need to include at least one symbol without CRS REs for the channel estimation on the REGs based on channel interpolation.
In case of Option 2, as described in the agreement, NR-PDCCH or NR-PDCCH-DMRS is transmitted on the REs not colliding with LTE-CRS, and NR-PDCCH and NR-PDCCH-DMRS may or may not be punctured on the REs colliding with LTE-CRS in gNB side, but whether the NR-PDCCH and NR-PDCCH-DMRS is punctured might be transparent to UE side. 

First of all, if any of three options in above is decided to be introduced in Rel-18, it should be applied only for RRC-connected UEs or UE-specific NR PDCCHs to avoid/minimize potential impacts to performance and specification related to initial access or broadcasted CSS PDCCH reception.
Secondly, considering increase of the PDCCH coding rate by Option 1-1 and degradation of channel estimation/interpolation by Option 1-2, it can be considered to apply the two options jointly, for example, in case when CORESET has the overlapping with CRS REs over two symbols, different option can be applied between the first symbol and the second symbol. 
Thirdly, considering different structures of CORESET in terms of overlapping with CRS REs, Option 1-1 and Option 1-2 can be considered to be configurable according to CORESET structure/configuration, for example, Option 1-1 can be applied for the CORESET configured to consist of symbol(s) overlapping with CRS REs only while Option 1-2 can be applied for the CORESET configured to have at least one symbol not overlapping with CRS REs.
Lastly, considering the interference from LTE signal transmission to NR PDCCH reception and/or potential impact to channel estimation/coding performance in case of any option, the SS set for NR PDCCH overlapping with LTE CRS can be treated as lower priority than other SS sets.

Proposal: Consider the following aspects for NR PDCCH reception in LTE CRS symbols (if decided to be supported) in terms of potential impacts to performance/specification.
· To apply only for RRC-connected UEs or UE-specific NR PDCCHs
· To apply different options jointly or with configurability according to CORESET structure
· [bookmark: _GoBack]To deprioritize SS set overlapping with CRS

3. Conclusions
In this contribution, some consideration points for NR PDCCH reception in symbols with LTE CRS REs were discussed, and the followings is proposed.

Proposal: Consider the following aspects for NR PDCCH reception in LTE CRS symbols (if decided to be supported) in terms of potential impacts to performance/specification.
· To apply only for RRC-connected UEs or UE-specific NR PDCCHs
· To apply different options jointly or with configurability according to CORESET structure
· To deprioritize SS set overlapping with CRS
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