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Introduction
In RAN #89-e meeting the scope of the Rel-17 UE and BS demodulation performance work scope 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
Same time, there multiple additional objectives were discussed [2], but were deprioritized and not included in the final WID [1]. One of such items is “NR PDSCH demodulation requirements for handling neighbouring cell CRS in LTE-NR coexistence scenarios”. In this paper we provide our views on this scenario and present link-level simulation results.
Discussion
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.
The DSS deployments are expected to be transparent from the LTE UE perspective and to ensure backward compatibility all LTE signals remain unchanged. In order to ensure that the NR performance is not affected by the always-on LTE CRS signals, specific CRS rate-matching feature was introduced to make sure that NR PDSCH performance is not affected by the LTE CRS signals transmitted from the serving cell. 
The respective RAN4 demodulation requirements for noise limited conditions for LTE-NR coexistence scenarios were introduced for FDD case in Rel-15 timeframe and for TDD case in Rel-16 timeframe. Also, requirements were defined for different NR PDSCH durations (9 and 11 symbols). In Figure 1 we provide the illustration of slot structure for LTE-NR coexistence requirements.
	
	

	[bookmark: _Ref54299479][bookmark: _Ref54299477]Figure 1. Slot structure for LTE-NR coexistence requirements.



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 the dense deployments interference limited conditions are more typical and substantial impact on the NR demodulation performance can be expected (see Figure 2).
	

	[bookmark: _Ref54300090]Figure 2. CRS interference in LTE-NR coexistence scenarios.


Based on LTE experience, CRS interference can be efficiently mitigated using limited network assistance signaling (i.e. cell ID, number of ports, MBSFN configuration) and CRS-IM receivers provide significant improvement of the PDSCH performance, especially in scenarios with low-medium system loading [3].
One of potential CRS interference mitigation technics is CRS interference cancellation (CRS-IC). The main idea of such processing is the reconstruction of CRS interference signal and cancellation from received signal, followed by the demodulation and decoding of the serving PDSSH signal. Below we provide an initial analysis of the CRS-IC receivers performance for the NR PDSCH. 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



	NR PDSCH duration 9 symbols
	NR PDSCH duration 11 symbols

	MCS 4

	MCS 4


	MCS 13

	MCS 13


	MCS 19

	MCS 19


	Figure 3. 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.  Therefore, we recommend to specify 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.
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 coexistence scenario”.
Conclusion
[bookmark: _GoBack]In this paper we provided view on CRS-IC requirements for LTE-NR coexistence scenarios and made the following proposal:
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 coexistence scenario”.
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