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In RAN#94e meeting, a new WID about NR DSS was approved for Rel-18 [1]
	The following objectives shall be included for improvement of NR spectrum efficiency for LTE-NR co-existence (RAN1):
· 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.
· Allow a UE to support, and be configured with, two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP [RAN1, RAN2]


In this contribution, we provide some evaluations on PDCCH reception in symbols with LTE CRS REs and provide our views on the potential specification impact.
Background
As described in the existing TS 38.213 [2], when one RE of a NR PDCCH candidate overlaps with at least one RE of LTE CRS, a UE will not monitor the whole PDCCH candidate.
	If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate.
......
When precoderGranularity = allContiguousRBs, a UE does not expect 
-	to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
-	any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, or with any RE of a SS/PBCH block.


According to the discussion in RAN meetings, assuming LTE and NR are synchronized in the symbol boundary and the number of LTE CRS ports is 4, LTE CRS is present at symbol 0, 1 and 4 as shown in Figure 1. In case LTE traffic is low, it is expected that only the first symbol, i.e. symbol 0 is occupied by LTE PDCCH, PHICH and PCFICH. Then, the resource in OFDM symbol 1 can be used for NR PDCCH. Compared to the case that only OFDM symbol 2 is used for NR PDCCH within the same frequency resource, additional 8 REs per PRB other than CRS REs will be used for NR PDCCH, including two additional DMRS REs. This may be beneficial from resource utilization perspective. However, NR PDCCH channel estimation may be impacted in OFDM symbol 1 as one PDCCH DMRS RE collides with LTE CRS as shown in Figure 1.
[image: ]
Figure 1. RE mapping of DMRS for NR PDCCH and LTE CRS 
Discussion
3.1 Evaluation Results
In order to verify whether there is gain or not for allowing NR PDCCH reception in symbols with LTE CRS REs, we provide our evaluation results in this section. 
In the simulation, the number of LTE CRS ports is 4. The time duration of NR PDCCH is 2, i.e. OFDM symbol 1 and 2. Other simulation parameters are listed in Appendix.
As shown in Figure 2, the red curves correspond to the current NR specification where NR PDCCH is only transmitted in one OFDM symbol, i.e. in symbol 2. Blue curves correspond to the case that NR PDCCH is transmitted in two OFDM symbols, i.e. in symbol 1 and 2 where the same number of PRBs is used for 1-symbol PDCCH with aggregation level(AL) 1, 2, 4, 8 and for 2-symbol PDCCH with AL 2, 4, 8, 16 respectively. That is, the same number of PRBs is used each pair of (1-symbol with AL1, 2-symbol with AL2), (1-symbol with AL2, 2-symbol with AL4), (1-symbol with AL4, 2-symbol with AL8), (1-symbol with AL8, 2-symbol with AL16). In the simulation, NR PDCCH REs including PDCCH DMRS are punctured if they collide with LTE CRS, and linear interpolation is used for channel estimation in such case. 
[image: ]
Figure 2. NR PDCCH performance with LTE CRS puncture in OFDM symbol 1
Even though some of PDCCH REs are punctured in 2-symbol NR PDCCH case and channel estimation may be impacted, in Figure 2, because of more utilized REs and larger aggregation levels, the obvious gains from 2-symbol NR PDCCH can still be observed for DCI payload 40, 55 and 80 bits. In addition, the BLER gaps between 1-symbol and 2-symbol with aggregation level 2 and 4 are larger than that with aggregation level 16 and 8. That is because the code rates for high aggregation levels are low enough, so that the performance improvement is relative limited.
Observation 1: Compared with the case that NR PDCCH is only transmitted in OFDM symbol 2 (counting from symbol 0), the performance gain is observed in case NR PDCCH reception is also allowed in OFDM symbol 1 where NR PDCCH REs including PDCCH DMRS are punctured if they collide with LTE CRS. 
3.2 Proposed Solutions
Based on the discussion in RAN#94e meeting, basically there are two potential solutions 
· Option 1: From RAN1 specification perspective, NR PDCCH reception in symbols with LTE CRS REs is allowed. 
· A new UE capability is needed to let gNB properly allocate the resources for NR PDCCH. 
· Option 2: Up to base station implementation so that LTE CRS is restricted within a narrow bandwidth, e.g. 5MHz or 1.4MHz in the case when LTE traffic is low, then NR PDCCH and LTE CRS will be FDMed in different PRBs. 
In our view, both options can work. We slightly prefer option 1 as it is a clean solution and does not need much change for LTE base stations. 
Proposal 1: Down-select from the following options. 
· Option 1: From RAN1 specification perspective, NR PDCCH reception in symbols with LTE CRS REs is allowed. 
· A new UE capability is needed to let gNB properly allocate the resources for NR PDCCH. 
· Option 2: Up to base station implementation so that LTE CRS is restricted within a narrow bandwidth, e.g. 5MHz or 1.4MHz in the case when LTE traffic is low, then NR PDCCH and LTE CRS will be FDMed in different PRBs.

If the gains of NR PDCCH overlapping with LTE CRS is identified and agreed, gNB can configure or mapping the NR PDCCH into the OFDM symbols which are collided with LTE CRS. As analyzed in [3], the behavior of UE monitoring NR PDCCH need to be modified accordingly. Below is the text proposal for Option 1 based the existing TS 38.213 [2].  

	10	UE procedure for receiving control information
 <unchanged parts omitted>
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE based on a UE capability may is not be required to monitor the PDCCH candidate.
<unchanged parts omitted>
10.1	UE procedure for determining physical downlink control channel assignment
 <unchanged parts omitted>
When precoderGranularity = allContiguousRBs, a UE does not expect 
-	to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
-	any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList depending on a UE capability, or with any RE of a SS/PBCH block.
<unchanged parts omitted>



Conclusion
In this contribution, we discuss the NR PDCCH with LTE CRS overlapping, and we have the following observation and proposal:
[bookmark: _GoBack]Observation 1: Compared with the case that NR PDCCH is only transmitted in OFDM symbol 2 (counting from symbol 0),  The performance gain is observed in the case when NR PDCCH reception is also allowed in OFDM symbol 1 where NR PDCCH REs including PDCCH DMRS are punctured if they collide with LTE CRS.
Proposal 1: Down-select from the following options
· Option 1: From RAN1 specification perspective, NR PDCCH reception in symbols with LTE CRS REs is allowed. 
· A new UE capability is needed to let gNB properly allocate the resources for NR PDCCH. 
· Option 2: Up to base station implementation so that LTE CRS is restricted within a narrow bandwidth, e.g. 5MHz or 1.4MHz in the case when LTE traffic is low, then NR PDCCH and LTE CRS will be FDMed in different PRBs.

Reference
[1] RP-213575, New WI: Enhancement of NR Dynamic spectrum sharing (DSS) Ericsson, RAN#94e.
[2] 3GPP TS 38.213-h10, NR Physical layer procedures for control.
[3] R1-2202223, Evaluation of PDCCH enhancement for DSS, Ericsson, RAN1#108e.
[4] RP-212946, On DSS enhancements in Rel-18, Ericsson, RAN#94e.

Appendix
Table 1. Simulation parameters
	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 (NR PDCCH also in symbol 1 for LTE CRS puncturing 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, DMRS-based channel estimation with separate time and frequency domain filtering. No special handling for punctured REs

	Receiver type
	MMSE

	CRS 
	4 port CRS

	DCI payload (excluding CRC)
	40,55,80,100 bits

	Interleaving
	Interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6 PRBs
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