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1 Introduction
In RAN#94-e a new work item on enhancement of NR dynamic spectrum sharing (DSS) was approved [1][2]. One of the objectives is to study and if needed specify NR PDCCH reception in symbols with LTE CRS REs. In this contribution, we present our views on NR PDCCH reception in symbols with LTE CRS REs.

2 Discussion
2.1 NR PDCCH in symbols with LTE CRS
LTE CRS is transmitted in symbols 0, 4, 7 and 11 when the number of CRS antenna ports is one or two. When the number of CRS antenna ports is four, CRS is transmitted in symbols 1 and 8 in addition to them. Figure 1 shows locations of LTE CRS and NR PDCCH DM-RS when the number of CRS antenna ports is four. 
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[bookmark: _Ref100661488]Figure 1: Location of LTE CRS and NR PDCCH DM-RS
The location of CRS depends on the cell ID of the LTE cell, and there are three possible locations. In any case, collision between NR PDCCH DM-RS and CRS in symbol 0 cannot be avoided. When the number of CRS antenna ports is four, collision occurs even in symbol 1. If NR PDCCH is transmitted in symbols that overlap with CRS with 2 or 4 ports, 1 RE of DM-RS and 3 REs of PDCCH will be punctured per RB per symbol. PDCCH transmission performance would be degraded compared with the case without puncturing due to fewer DM-RS REs available for demodulation and fewer PDCCH REs available for decoding.

2.2 Performance evaluation
Link level simulations were performed to evaluate how much PDCCH performance is degraded by puncturing. Simulation parameters are shown in Table 1. Note that collision with PCFICH or PHICH was not considered.
Table 1 Link level simulation assumptions
	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz


	Bandwidth 
	10 MHz


	Channel model
	TDL-C

	Delay spread
	300 ns

	Number of symbols for CORESET
	2 (symbol 0, 1)

	CORESET BW (contiguous PRB allocation)
	48 RBs

	CCE-to-REG mapping
	Interleaved

	REG bundle size
	6

	Interleaver size
	2

	DCI payload size (excluding CRC)
	60 bits


	Number of BS antennas
	4


	Number of UE antennas
	4

	UE speed
	3 km/h

	Aggregation level
	2/4/8

	Number of CRS antenna ports
	4

	v-Shift
	0/1/2


Simulation results are shown in Figure 2.
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[bookmark: _Ref87003754]Figure 2: Simulation results of PDCCH BLER
Comparing the SNR required to achieve 1% BLER, performance degradation of about 2 dB was observed for aggregation level 4 and 8, and performance degradation of about 3 dB was observed for aggregation level 2 due to puncturing. Based on the results with different v-Shift of LTE CRS, almost same performance was observed even with differences in the location of the punctured REs. 
It can be found that the performance degradation due to the puncturing can be compensated by using larger aggregation level. Using symbols that overlap with LTE CRS for PDCCH transmission would be useful to increase PDCCH resources even though larger aggregation level may need to be used. 
Observation 1: Puncturing PDCCH/DMRS REs by LTE CRS degrades the SNR required to achieve 1% PDCCH BLER by about 2dB for aggregation levels 4 and 8 and about 3dB for aggregation level 2.
Observation 2: There is almost no performance difference depending on the location of the punctured REs.
Observation 3: The performance degradation due to the puncturing can be compensated by using larger aggregation level.
Proposal 1: Support PDCCH reception in symbols with LTE CRS.

3 Conclusion
In this contribution, we have the following observations and proposal:
Observation 1: Puncturing PDCCH/DMRS REs by LTE CRS degrades the SNR required to achieve 1% PDCCH BLER by about 2dB for aggregation levels 4 and 8 and about 3dB for aggregation level 2.
Observation 2: There is almost no performance difference depending on the location of the punctured REs.
Observation 3: The performance degradation due to the puncturing can be compensated by using larger aggregation level.
Proposal 1: Support PDCCH reception in symbols with LTE CRS.
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