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[bookmark: _Ref513464071]Introduction
RAN approved a new WID on enhancements of DSS [1]. One of the motivations for DSS enhancements is the existing limitation of not allowing more than one NR PDCCH symbol within the first 3 symbols of a slot with four LTE CRS ports. With NR traffic increasing, NR PDCCH will be a bottleneck of DSS.  The WID objective includes the following: 
	· Study and if needed specify NR PDCCH reception in symbols with LTE CRS REs. [RAN1]
· Investigate enabling LTE CRS to puncture NR PDCCH, including the impact to NR PDCCH DMRS if there is the performance gain from the additional PDCCH resources.



In this contribution we evaluate the decoding performance of NR PDCCH when it is punctured by LTE CRS REs.
Discussion
NR Rel-15 supports dynamic spectrum sharing between LTE and NR to allow smooth transition from LTE to NR. The UE can be configured with LTE CRS pattern of the LTE carrier sharing the same spectrum as NR carrier. PDSCH is rate matched around resource elements corresponding to the configured CRS. For PDCCH reception, the UE is not required to monitor PDCCH candidate that overlaps with at least one RE of LTE CRS. The spec 38.213 specifies restriction on CORESET configuration: the UE does not expect any RE of a CORESET to overlap with any RE determined from LTE CRS rate matching pattern. Removing this restriction has the potential to increase the PDCCH capacity as the gNB can configure the UE with a CORESET spanning two symbols in the overlapping slots with LTE CRS instead of one symbol CORESET. 
To evaluate the decoding performance of LTE CRS puncturing NR PDCCH, we compare the following scenarios:
· Scenario 1: PDCCH belongs to a CORESET spanning two symbols (symbol #1 and #2) with total size of 96 PRBs, and LTE CRS occupies REs on the first two symbols (symbol #0 and symbol #1).
· Scenario 2: PDCCH belongs to a CORESET spanning one symbol (symbol #2) with total size of 48 PRBs, and LTE CRS occupies REs on the first two symbols (symbol #0 and symbol #1).

PDCCH decoding performance for the two scenarios and aggregation levels 2, 4 and 8 are shown in Figure 1. The simulation assumptions can be found in the Appendix. We observe that the performance of NR PDCCH is impacted when it is punctured by LTE CRS REs. The impact of LTE CRS puncturing is more noticeable when higher aggregation levels is used. 
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[bookmark: _Ref101970036]Figure 1: Decoding performance of NR PDCCH with and without LTE CRS puncturing
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[bookmark: _Ref101972014]Figure 2: LTE CRS impact on NR PDCCH for different DCI size
To evaluate the impact of LTE CRS puncturing on different DCI sizes, we evaluated the two scenarios described above for 3 DCI sizes (33, 44 and 55 bits) using aggregation level 1. The results are shown in Figure 2. Due to LTE CRS puncturing, approximately 9dB loss can be observed for DCI size 55bits and 44bits compared to ~1dB loss for DCI size 33bits. This severe impact on AL 1 can be explained by the coding rate of the larger DCI payload size used with the low aggregation level. Using DCI of 44 or 55 bits has high code rate and will result in poor performance when punctured. Whereas for DCI size of 33 bits, the low code rate used can overcome the loss due to punctured bits.  
Observation 1: Allowing NR PDCCH reception in symbols with LTE CRS symbols reduces the decoding performance of NR PDCCH. The performance loss depends on the DCI payload size and the aggregation level.
Allowing PDCCH reception in resource elements with LTE CRS can increase the number of available resources for NR PDCCH. More NR UEs can be served because of the increase in NR PDCCH capacity. In the scenario we simulated, the first CORESET with duration of 2-symbols is offering 2 times more PRBs for NR PDCCH compared to the second CORESET with 1 symbol duration. There is a tradeoff between increasing the PDCCH capacity and the performance loss of PDCCH decoding. We think that the gain obtained from allowing PDCCH reception in resource LTE CRS outweigh the loss of PDCCH BLER if the scheduler avoids transmitting large DCI size with lower AL in the presence of LTE CRS.  
Proposal 1: Support NR PDCCH reception in symbols configured with LTE CRS REs.
Conclusion
In this contribution, the following proposals are made:
Observation 1: Allowing NR PDCCH reception in symbols with LTE CRS symbols reduces the decoding performance of NR PDCCH. The performance loss depends on the DCI payload size and the aggregation level.
Proposal 1: Support NR PDCCH reception in symbols configured with LTE CRS REs.
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	Parameter
	Value

	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

	Number of BS antennas
	4 Tx 

	Number of UE antennas
	2 Rx 

	Channel estimation
	Practical

	Receiver type
	MMSE

	DMRS
	Type A

	CRS 
	4 port CRS

	DCI payload (excluding CRC)
	33, 44, 55 bits

	Interleaver size
	2

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6 PRBS
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