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Introduction
In this document, we discuss additional enhancement to improve DSS performance. 
This document is a revised version of R1-2112156 submitted to RAN1#107-e with updates reflecting current RAN/RAN1 discussions.
Discussion
CRS Rate-matching enhancement
RAN1 is currently specifying UE support for overlapping CRS rate matching patterns in Rel18 [1]. This enables configuration of two rate-matching patterns for the UE within same carrier e.g., one corresponding to serving cell and one corresponding to neighbor cell. This can be extended further to introduce dynamic adaptation of the configured patterns to better match the pattern of strongest interferer.
[image: ]
Figure 1. Impact of CRS interference level and potential gains from rate-matching around it
Figure 1 shows UE throughput for different cases of CRS rate-matching around a neighbor cell interferer. 
· ‘baseline’ case in the figure is UE throughput without inter-cell CRS interference (though with rate-matching around the own CRS), i.e. the performance that would be expected with colliding CRS between cells. 
· ‘ratematched CRS RE’ corresponds to RE level rate-matching around the interferer CRS REs only 
· ‘ratematched symbol’ corresponds to rate-matching around the full symbols with CRS interference.
· SIR levels in the legend refer to cases with CRS interference with different signal to CRS interference levels. 
As illustrated in the figure, CRS interference limits performance especially when noise and interference from other sources is low (medium/high SNR in the plot). For such cases, rate-matching around neighbor cell CRS REs is useful to improve performance. The gain depends on the strength of the interferer, with larger gains for stronger interferer (lower SIR in the figure). For the simulated scenario, RE-level rate-matching provides around ~20% throughput gain compared to symbol-level rate-matching. The gain can vary based on total available PDSCH REs.
Currently, the CRS rate-matching pattern can only be configured via RRC which limits flexibility compared to symbol/PRB level rate-matching that can be adapted by DCI based L1 signaling. The level of CRS interference and the strongest interferer itself (i.e., v-shift) can change dynamically. Considering this, supporting dynamic adaptation between different CRS rate-matching patterns via DCI would be beneficial as it provides fast adaptation without need for frequent RRC signaling to turn on/off rate-matching or to match the pattern of strongest interferer.
It should be noted that existing L1/L3 CSI/RRM measurements framework can used to estimate the appropriate CRS-RM pattern without need to introduce new measurements.
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Annex A: Simulation assumptions
Link level
	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	20 MHz

	Channel model
	TDL-A

	Delay spread
	100 ns

	UE speed
	3 km/h

	Correlation
	Medium

	Symbols reserved for PDCCH
	Symbol 0 and 1 reserved for LTE PDCCH, symbol 2 reserved for NR PDCCH

	Number of BS antennas
	4 Tx (Two cross-polarized antenna pairs)

	Number of UE antennas
	2 Rx (One cross-polarized antenna pair)

	Channel estimation
	Practical

	Receiver type
	MRC

	DMRS
	Type A, 1+1 symbol, no FDM with data

	CRS 
	4 port CRS

	DCI payload (excluding CRC)
	55 bits

	Interleaving
	Interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6 PRBS



System level

	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz

	Simulation bandwidth 
	20 MHz

	BS antenna height
	25 m

	UE height
	1.5m 

	TRP transmit power
	46 dBm for 10MHz

	Scenario
	Urban Macro

	ISD
	500m

	TRP antenna configuration
	(M,N,P,Mg,Ng;Mp,Np)= (2,8,2,1,1;1,1)

	UE antenna configuration
	(M,N,P,Mg,Ng;Mp,Np)= (1,1,2,1,1;1,1) 


	Device deployment
	80% indoor, 20% outdoor 

	UE speeds
	Indoor users: 3km/h

	
	Outdoor users (in-car): 30 km/h

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	UE noise figure
	9 dB

	Thermal noise level
	-174 dBm/Hz

	Traffic
	Full Buffer

	Macro sites
	19

	Downtilt
	102°

	Minimum BS to UE distance
	35m
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