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Introduction
In RAN #93e meeting, WID “Further enhancement on NR demodulation performance” was revised [1] and the following Phase II stage was added for CRS interference handling in scenarios with overlapping spectrum for LTE and NR:
	· Define NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR
· Use LLR weighting as baseline reference receiver.
· Focus on synchronous network scenario.
· 15 kHz SCS for NR is prioritized.
· Other aspects will be further discussed in RAN4 and RAN #94e.
· Note: The 30 kHz SCS scenario will be discussed after RAN #94e meeting.


LLR weighting was agreed as baseline receiver for CRS-IM processing. However, definition of requirements for CRS-IC is still open and can be further discussed. In this paper we provide our view on receiver assumptions for CRS-IM processing in scenarios with overlapping spectrum for LTE and NR
Discussion
Performance analysis
In this section we analyze the performance benefits of different CRS-IM receiver candidates: LLR weighting and CRS-IC. The more detailed description of these receiver algorithms is provided in our companion paper [2].
In this WI two types of scenarios with overlapping spectrum for LTE and NR are considered:
· Scenario 1: Both, Serving and Interference cells are operated in DSS (NR+LTE) mode and all cells have CRS transmission. 
· Scenario 2: Serving cell is operated in NR mode and interference cell(s) is(are) operated in LTE mode. In this scenario only interference cell(s) has(have) CRS transmission
	

	[bookmark: _Ref54300090]Figure 1. CRS interference scenarios in overlapping spectrum for LTE and NR.


[bookmark: _Hlk85730199]For Scenario 1, a single CRS rate matching pattern is configured for the purpose of protection from the serving cell CRS signals. Based on Rel-15 LTE-NR coexistence requirements defined in TS 38.101-4, two typical PDSCH configurations are considered for this scenario with 9 and 11 symbols PDSCH duration. Based on the RAN4 #99-e meeting agreement [3], scenario with 9 symbols PDSCH duration is considered as baseline. In Figure 2 we provide an illustration of resource element mapping for one PRB and one slot for serving and interference signals for scenario with 9 symbols PDSCH duration (note: interference signal illustration is provided under an assumption of no PDCCH/PDSCH).
	

	[bookmark: _Ref78316046]Figure 2. REs mapping for Scenario 1 with 9 symbols duration.


For further analysis, we consider the similar assumptions as were agreed in RAN4 #99-e meeting agreement. The only difference is loading levels and INR values. The following cases are considered:
· Case 1: Loading 20 %, INR 1 = 10.45 dB, INR 2 = 4.6 dB
· Case 2: Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
· Case 3: Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
· Case 4: Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
All INR values are derived based on TR 36.863 [4] Section 6.3.2 and Set 10 is used from each table.
In Figure 3 we provide the results of the performance analysis of 1 cell CRS-IC and LLR weighting processing for Scenario 1. 
	

	
	

	[bookmark: _Ref78317567][bookmark: _Ref85731158]Figure 3. CRS-IM performance analysis for Scenario 1 with 9 symbols PDSCH duration.


Observations #1:	For Scenario 1 with 9 symbols PDSCH duration
· LLR weighting provides 0.8-2.1 dB performance improvement (depending on interference loading) in comparison to MMSE receiver.
· CRS-IC provides 2.2-3.4 dB performance improvement (depending on interference loading) in comparison to MMSE receiver and 1.0-1.9 dB performance improvement in comparison to LLR weighting
In Figure 4 we provide the illustration of REs mapping for serving and interference cells for Scenario 2.
	

	[bookmark: _Ref78365388]Figure 4. REs mapping for Scenario 2.


For performance analysis we consider the same simulation assumptions as for scenario 1.
In Figure 5 we provide the results of the performance analysis of 1 cell CRS-IC and LLR weighting processing for Scenario 2.
	

	
	

	[bookmark: _Ref78367070]Figure 5. CRS-IM performance analysis for Scenario 2.


Observations #2:	For Scenario 2
· LLR weighting provides 0.4-1.4 dB performance improvement (depending on interference loading) in comparison to MMSE receiver.
· CRS-IC provides 1.5-3.0 dB performance improvement (depending on interference loading) in comparison to MMSE receiver and 0.9-1.5 dB performance improvement in comparison to LLR weighting
Complexity and UE processing time
In the previous RAN4 meeting the following agreement was reached [5]:
	· UE processing time impact of CRS-IM
· UE PDSCH processing timeline is not impacted by LLR weighting. 
· Further discuss the UE PDSCH processing timeline for CRS-IC. FFS whether the discussion can be separated for different PDSCH configurations such as:
· Rank 1, QPSK and 16QAM, 20MHz CBW 
· Higher rank, higher modulation order, 20MHz CBW


In this section view provide our view on complexity of CRS-IC processing and UE processing time impact.
Based on RAN1 agreement in #90 meeting (August 2017) [6] the following assumptions were considered for definition on UE processing time
	· Single carrier / Single BWP / Single TRP
· Full range of MCS and multi-layer support up to the 4-layer MIMO and 256-QAM
· Up to 3300 active subcarriers
· PDCCH
· Same numerology / BWP as PDSCH
· Single grant monitored for PDSCH
· 44 blind decodes, single symbol CORESET
· PDSCH
· PDSCH does not precede PDCCH
· 14-symbol slot-based scheduling
· Frequency-first RE-mapping, no time-interleaving of CBs across TB
· PUCCH 
· Short formats for HARQ-ACK


Based on the previous meeting agreement, LLR weighting does not have impact of UE PDSCH processing time. Based on our companion paper [2], list of parameters of neighbouring cell CRS signal which is required for work of CRS-IC and LLR weighting is same. Therefore, we can assume that even if detection of some parameters is required then it does not have impact on UE PDSCH processing time. In this case, we can only estimate the complexity of CRS channel estimation processing which is done for CRS-IC processing and is not used in LLR weighting. In Table 1 we provide the estimation of how many resource elements need to process in different receive processing steps for CRS-IC processing in scenario with 20 MHz CBW, 15 kHz SCS and Rank 1 PDSCH transmission (which is typical scenario for CRS-IC processing) and baseline processing is scenario which was used for definition on UE processing time.
[bookmark: _Ref85744706]Table 1. Analysis of receive processing complexity
	
	Reference scenario for definition on UE processing time
(50 MHz, 15 kHz, 270 PRBs)
	Scenario for CRS-IC processing
(20 MHz, 15 kHz, 106 PRBs)

	LS channel estimation for serving DMRS REs
	12960 DMRS REs
(270 PRBs × 6 DMRS per PRB per symbol × 2 symbols × 4 ports)
	1272 DMRS REs
(106 PRBs × 6 DMRS per PRB per symbol × 2 symbols × 1 port)

	MMSE channel estimation for serving DMRS REs
	12960 DMRS REs
	1272 DMRS REs

	MMSE channel estimation for serving PDSCH REs
	142560 PDSCH REs
(270 PRBs × 12 REs per PRB per symbol × 11 symbols × 4 layers)
	13992 PDSCH REs
(106 PRBs × 12 REs per PRB per symbol w/o DMRS × 10 Symbols w/o DMRS + 106 PRBs × 6 REs per PRB per symbol w/ DMRS × 2 Symbols w/ DMRS)

	DMRS based interference-plus-noise covariance matrix estimation
	12960 DMRS REs
	1272 DMRS REs

	LS channel estimation on the neighboring cell(s) CRS REs
	N/A
	2400 CRS REs
(100 PRBs × 24 CRS per PRB)
Note: Maximum bandwidth of LTE carrier is 100 PRBs

	MMSE channel estimation on the neighboring cell(s) CRS REs
	N/A
	1600 CRS REs
(100 PRBs × 16 CRS per PRB)
Note: Consider only CRS overlapping with PDSCH

	Reconstruction and cancellation of CRS Rx signal from the neighboring cell(s)
	N/A
	1600 CRS REs


Observations #3:	PDSCH processing time requirements were defined under assumption of 4-layer processing with 256QAM and 3300 active subcarriers (~ 50 MHz with 15 kHz).
Observations #4:	Total number of resource elements, for which channel estimation is applied for CRS-IM processing in typical scenarios, is much lower than the total number of resource elements, for which channel estimation is applied for baseline Rx processing in reference scenario for definition on UE processing time.
Conclusion
In this document we analyse the performance and complexity of CRS-IC processing. 
Based on performance analysis, we can conclude that CRS-IC provide the testable performance improvement (1 dB and higher) in comparison to LLR weighting for many of consider scenarios.
Based on complexity analysis, we can observe that overall complexity of receiver with CRS-IM processing for typical scenario is much lower than complexity of baseline Rx processing in reference scenario for definition on UE processing time. Therefore, we can conclude that using of CRS-IC receiver does not have impact on PDSCH processing time.
Proposal 1:	Define CRS-IM requirements for two set of reference receivers: LLR weighting and CRS-IC.
Conclusion
In this paper we provided our view on assumptions for CRS-IM processing in scenarios with overlapping spectrum for LTE and NR and made the following proposals and observations:
Observations #1:	For Scenario 1 with 9 symbols PDSCH duration
· LLR weighting provides 0.8-2.1 dB performance improvement (depending on interference loading) in comparison to MMSE receiver.
· CRS-IC provides 2.2-3.4 dB performance improvement (depending on interference loading) in comparison to MMSE receiver and 1.0-1.9 dB performance improvement in comparison to LLR weighting
Observations #2:	For Scenario 2
· LLR weighting provides 0.4-1.4 dB performance improvement (depending on interference loading) in comparison to MMSE receiver.
· CRS-IC provides 1.5-3.0 dB performance improvement (depending on interference loading) in comparison to MMSE receiver and 0.9-1.5 dB performance improvement in comparison to LLR weighting
Observations #3:	PDSCH processing time requirements were defined under assumption of 4-layer processing with 256QAM and 3300 active subcarriers (~ 50 MHz with 15 kHz).
Observations #4:	Total number of resource elements, for which channel estimation is applied for CRS-IM processing in typical scenarios, is much lower than the total number of resource elements, for which channel estimation is applied for baseline Rx processing in reference scenario for definition on UE processing time.
Proposal 1:	Define CRS-IM requirements for two set of reference receivers: LLR weighting and CRS-IC.
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Scenario 1, PDSCH duration 9 symbols
SNR performance improvement for 70% of Max T-put vs MMSE-IRC, [dB]
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Scenario 2
SNR performance improvement for 70% of Max T-put vs MMSE-IRC, [dB]
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