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Introduction
In RAN #89-e meeting the scope of the Rel-17 UE and BS demodulation performance work was discussed. Based on the approved WID [1] the following objectives related to UE demodulation performance were included in the Rel-17 scope:
· MMSE-IRC receiver for suppressing inter-cell interference
· MMSE-IRC receiver for suppressing intra-cell inter-user interference
Multiple additional UE demodulation objectives were discussed [2], but were deprioritized and not included in the final versions of the approved WID [1]. 
	UE Demodulation/CSI (see detailed objectives description in Topic #1)
· Objective 1-1: UE interference-aware receivers for Scenario a): Inter-cell interference
· Objective 1-2: UE interference-aware receivers for Scenario b): Inter-layer interference for SU-MIMO
· Objective 1-3: UE interference-aware receivers for Scenario c): Intra-cell inter-user interference for MU-MIMO
· Objective 1-4: NR PDSCH demodulation requirements for handling neighboring cell CRS in LTE-NR coexistence scenarios
· Objective 1-5: Requirements for Rel-15 multi-TRP DPS TX scheme 
· Objective 1-6: Demodulation/CSI reporting requirements for downlink 8Rx antennas 
· Objective 1-7: Requirements for non-colocated scenario for intra-band non-contiguous EN-DC/NR-CA (e.g. band 42, n77/n78)


In this paper we provide further views on “NR PDSCH demodulation requirements for handling neighbouring cell CRS in LTE-NR coexistence scenarios” and propose to include it in the scope of the approved WI to improve the performance of NR UEs in LTE/NR DSS deployment scenarios. 
Discussion
Overview of LTE CRS-IM receivers
One of the key UE interference mitigation receiver enhancements introduced for LTE is CRS-IM (CRS interference mitigation), where UE applies mitigation of the CRS interference from the neighbouring cells, which, depending on scenario, may collide with the serving cell PDSCH, PDCCH or CRS resource elements. 
The CRS-IM receivers were introduced for multiple scenarios and were studied in detail over multiple LTE releases:
1) Rel-11 FeICIC [3]: CRS-IM requirements were introduced for scenarios, where serving cell PDSCH transmission overlaps with ABS (almost blank subframe) of the aggressor cell.
2) Rel-13 CRS-IM for homogeneous deployments [4]: CRS-IM requirements were introduced for different transmission modes (CRS-based TM 4 and DMRS-based TM9), UEs with 2 receive antennas and scenarios with 2 CRS antenna ports. Based on study outcome captured in TR [5], it was shown that CRS-IM receivers allow achieving 4% to 84% average throughput gain depending on the scenario.
3) Rel-14 Enhanced CRS-IM [6]. CRS-IM requirements were extended to make them applicable to UEs with 4 CRS antenna ports and scenarios with different number of CRS antenna ports in different cells. Based on TR [7], it was shown that CRS-IM receiver allows achieving 2-3 dB PDSCH performance improvement for different scenarios.
4) Rel-15 Single RX CRS-IM [8]. CRS-IM requirements were introduced for UEs with one receive antenna. Based on [9], it was shown that up 7 dB PDSCH performance improvements can be observed in case CRS-IM receiver is used for single RX UEs.
Observation #1:	Performance requirements for LTE CRS-IM receivers were defined for a wide set of different practical scenarios and were already proven to show substantial performance improvements.
CRS-IM for LTE/NR co-existence scenarios
LTE/NR Dynamic Spectrum Sharing (DSS) (also referred as LTE-NR co-existence scenario in RAN4 specifications) is one of the important 5G features introduced to enable fast and cost-efficient rollout of 5G networks. In DSS deployments both LTE and NR technologies share the same spectrum (from the network perspective) and the base stations dynamically share the resources based on the specific traffic load conditions. DSS concept was introduced already in NR Rel-15, additional enhancements were introduced in Rel-16 and are currently being introduced in Rel-17 in the scope of the NR Dynamic spectrum sharing WI [10]. 
Observation #2:	LTE/NR Dynamic Spectrum Sharing is one of the important 5G features which enables fast and cost-efficient rollout of 5G networks.
The DSS deployments are expected to be transparent from the LTE UEs perspective to ensure backward compatibility. Specific CRS rate-matching feature was introduced to make sure that NR PDSCH performance is not affected by the always-on LTE CRS signals transmitted from the serving cell. The CRS rate-matching solution mainly ensures the NR PDSCH protection from the LTE CRS signals transmitted from the LTE cell co-located with the NR serving cell. Same time, neighboring cell may have a different CRS patterns and the respective CRS transmissions may still collide with the NR PDSCH transmissions from the serving cell. In Rel-16 a new NR mechanism to support a multiple CRS rate matching patterns was introduced, which may be potentially used to cope with non-colliding LTE CRS interference. Theoretically multiple overlapping CRS patterns could be used to also protect from other cell interference, but it would come at the cost of overhead and is not an optimal solution.
Another potential scenario with neighbouring cell CRS interference is scenario with overlapping spectrum for serving and interference cells, i.e. serving cell is working in standalone NR mode (use operating band which can be used for NR operation only) and neighbouring cell is working in DSS or LTE mode (use operating band which can be used for NR and LTE) and “NR only” band has spectrum overlapping with “DSS/LTE” band. In this case, configuring CRS rate matching pattern for serving cell to protect from neighbouring cell CRS will be inefficient from the resource utilization point of view and CRS-IM can be used to improve serving cell performance
Observation #3: NR has limited solutions to protect PDSCH data resource elements from potential non-colliding CRS interference from the neighbouring cell.
In dense deployments interference limited conditions are more typical and a substantial impact on the NR demodulation performance can be expected (see Figure 1).
	[image: ]

	[bookmark: _Ref54300090]Figure 1. CRS interference in LTE-NR coexistence scenarios.



Based on LTE experience, CRS interference can be efficiently mitigated at the UE side and requires limited network assistance signaling (i.e. cell ID, number of ports, MBSFN configuration). The CRS-IM receivers are expected to provide significant improvement of the PDSCH performance, especially in scenarios with low-medium system loading [5].
Observation 4: CRS-IM processing is expected to provide PDSCH performance improvement in scenarios with low-medium traffic load.
One of potential CRS interference mitigation techniques is CRS interference cancellation (CRS-IC). The main idea of such processing is the reconstruction of CRS interference signal and further cancellation from the received signal, followed by the demodulation and decoding of the serving cell PDSCH signal. Below we provide an analysis of the CRS-IC receivers performance for the NR PDSCH in DSS scenarios. The simulation assumptions are presented in the Annex. 
	NR PDSCH duration 9 symbols
	NR PDSCH duration 11 symbols
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	Figure 2. CRS-IC performance analysis


From this analysis we can observe that CRS-IC allows achieving around 4 dB performance improvements for all considered scenarios and should be considered for implementation to ensure robust NR performance under practical DSS deployments. 
Observation 5: CRS-IM processing shows significant NR PDSCH performance improvement (around 4 dB) for scenarios with 20% interference PDSCH loading and different serving signal modulation orders (QPSK, 16QAM, 64QAM).
Therefore, we recommend specifying corresponding NR UE performance requirements in the Rel-17 timeframe. The respective objectives can be added to the newly approved Rel-17 Further enhancement on NR demodulation performance WI, which is scheduled to start in 2021.
[bookmark: _Hlk57366291]Proposal 1:	Include the following objective in the Rel-17 Further enhancement on NR demodulation performance WID: “NR PDSCH demodulation requirements for handling neighbouring cell CRS in LTE-NR co-existence scenario and scenarios with LTE-NR overlapping spectrum”.
One of the potential topics which can be discussed as a part of this item is network assistance signalling. In LTE, the following information about neighboring cells parameters is provided to UEs to facilitate CRS-IM processing:
· Physical Cell ID
· Number of CRS antenna ports
· MBSFN configuration
Based on prior LTE discussions some parameters can be blindly detected by UE without significant impact on UE complexity/power consumption. Same time for NR the situation can be a bit different and absence of network assistance may result in always-on detection of neighboring CRS interference, which may lead to unnecessary increasing of UE power consumption for scenarios where CRS-IM processing is not needed(for example, non-DSS deployments with only NR operation). Therefore, introduction and details of network assistance signalling requires additional studies to achieve trade-off between signalling overhead and UE power consumption and can be handled during the WI stage.
Proposal 2:	Further discuss the details and necessity of network assistance signalling for CRS-IM processing in LTE-NR co-existence scenario and scenarios with LTE-NR overlapping spectrum during WI stage.
In comparison to LTE, NR supports configurable subcarrier spacing for signal transmission (15, 30, 60 kHz SCS). The NR CRS rate matching feature for LTE-NR coexistence scenarios is introduced for scenarios with 15 kHz SCS only. Also, the CRS-IM receiver implementation is more straightforward for 15kHz SCS scenario and can be based on a legacy LTE CRS-IM receiver design, while support of higher SCS may require multi-FFT processing and time domain signal cancellation. Therefore, we propose to prioritize scenarios with 15 kHz NR SCS case. Same time, we can keep 30 kHz in the scope of WI and discuss it further depending on progress of requirements definition for 15 kHz SCS.
All LTE CRS-IM requirements are defined for scenarios with synchronous network. For such assumption CRS-IM processing allows achieving significant performance improvement, which was already well studied and confirmed during LTE requirements definition stage. Therefore, we suggest prioritizing synchronous scenarios.
Proposal 3:	Consider FR1 deployment with synchronous network and focus on scenarios with 15 kHz SCS for CRS-IM requirements definition. 
Conclusion
In this paper we provided view on CRS-IM requirements for LTE-NR coexistence scenarios and make the following proposals:
Proposal 1:	Include the following objective in the Rel-17 Further enhancement on NR demodulation performance WID: “NR PDSCH demodulation requirements for handling neighbouring cell CRS in LTE-NR co-existence scenario and scenarios with LTE-NR overlapping spectrum”.
Proposal 2:	Further discuss the details and necessity of network assistance signalling for CRS-IM processing in LTE-NR co-existence scenario and scenarios with LTE-NR overlapping spectrum during WI stage.
Proposal 3:	Consider FR1 deployment with synchronous network and focus on scenarios with 15 kHz SCS for CRS-IM requirements definition. 
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Annex
The simulation assumptions are presented in Table 1.
[bookmark: _Ref54301129]Table 1. Test parameters for CRS-IC analysis
	Parameter
	Unit
	Value

	
	
	Cell 1
	Cell 2

	Duplex mode
	
	FDD

	CBW
	
	10 MHz

	SCS
	
	15 kHz

	PDCCH configuration
	Symbols with PDCCH
	
	Symbol# 2

	PDSCH configuration
	Mapping type
	
	Type A

	
	Starting symbol (S) 
	
	3

	
	Length (L)
	
	9 and 11

	
	PRB bundling size
	
	2 

	
	Loading
	
	100% (i.e. slots 1…19 within 20 ms)
	20% (i.e. slots 3 and 4 within 10 ms)

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Position of the first DM-RS for downlink
	
	3

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CRS for rate matching (Note 1)
	LTE carrier centre subcarrier location
	
	Same as NR carrier centre subcarrier location

	
	LTE carrier BW
	MHz
	10

	
	Number of antenna ports
	
	4

	
	v-shift
	
	0
	1

	Es/Noc
	
	Range
	10.45 dB

	FRC
	
	Rank 1, MCS 4 or MCS 13 or MCS 19

	Channel model
	
	TDL-A, 30 ns, 10 Hz

	Antenna configuration
	
	4x2, ULA low

	Note 1:	No MBSFN is configured on LTE carrier
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