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0. Background
WFs approved in the previous meetings:
[1]	R4-2108662, WF on CRS interference handling in scenarios with overlapping spectrum for LTE and NR, RAN4 #99e.
[2]	R4-2115740, WF on CRS interference handling in scenarios with overlapping spectrum for LTE and NR, RAN4 #100e.
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1. WF on receiver assumptions for CRS-IM
Reference receiver for CRS-IM
· Confirm LLR weighting as the baseline reference receiver for both scenario 1 and scenario 2.
· FFS for CRS-IC:
· Option 1: Further discuss pending on the conclusion of NWA for LLR weighting
· Option 2: Further discuss pending on the conclusion of NWA signalling, UE processing time impact and performance benefits over LLR weighting.
· Option 3: Possible introduction of CRS-IC can be discussed in Rel-18 performance enhancement part.
[bookmark: _GoBack]
UE processing time impact of CRS-IC
· FFS whether the using of CRS-IC receiver have impact on PDSCH processing time defined in TS38.214

Implementation details for LLR weighting
· Option 1: Adopt CRS power into MMSE-IRC equalization processing
· Calculate the CRS power per receiving antenna and the power vector is ICRS
· Update the LLR of CRS REs by adding the diag (ICRS) to interference plus noise covariance in MMSE-IRC processing.
· Option 2: Direct scaling of LLR without equalization processing involved
· Option 2A: 
· For each v-shift, calculate the average CRS power of all Rx antennas per PRB.
· Use the above CRS power to scale the LLRs on the interfered REs within this PRB, rather than using it in the MMSE-IRC equalization.
· Option 2B: (LLR weighting processing flow in section 2.1 of R4-2118004)
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue

Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
· Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS REs
· Option 2: Use all DMRSs for Ruu estimation
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue

2. WF on Signalling aspects for CRS-IM
Parameters needed for LLR weighting
· Enable CRS-IM receiver (LLR weighting), below parameters/information needed:
· The presence of CRS information including: the presence of LTE cell, MBSFN configuration, [CRS muting information] if configured
· CRS location information including: LTE carrier frequency, bandwidth, v-shift, CRS port number
· FFS CRS sequence information needed or not which including: Cell ID, [slot number within radio frame information]
· FFS how UE can obtain above parameters which can be discussed in case by case manner also depending on deployment scenarios with below candidate alternatives  
· UE detection 
· NWA signaling including existing signaling or new dedicated signaling
· Following some specific assumption under certain conditions/scenarios 
· Companies are encouraged to bring simulation results for LLR weighting with and without CRS sequence. Based on performance comparison, RAN4 plan to draw conclusion whether CRS sequence information needed or not in Jan 2022 RAN4 meeting.
· The complexity and power consumption impact also need to be considered when RAN4 make decision. 
· Interested companies can bring simulation result based on the assumption without and with knowledge of number of CRS ports
· 2Tx ports configured
· Simulated cases:
· Case 1: UE assuming 4Tx ports 
· Case 2: UE aware of 2Tx ports
· Case 3:  UE blind detection of number of Tx ports 
· Target test metric:
· Detection success rate
· Throughput performance 
· Power difference (optional)
· Interference cell PDSCH loading level: 20%
· For the other necessary parameters, reuse the assumption in Phase I evaluation.

· For power difference: Interested companies can bring simulation output for power difference between symbols with and without CRS REs) for the detection of number of CRS ports.
· Assuming 2 CRS and 4 CRS ports are transmitted respectively, simulate the power difference for the 3 categories of symbols:
· Category A: Symbols with CRS port 0/1 in PDSCH region, i.e., symbols #4/7/11
· Category B: Symbols with CRS port 2/3 in PDSCH region, i.e., symbols #8
· Category C: other PDSCH symbols without CRS, i.e., symbols #3/5/6/9/10…
· Up to company whether the power is averaged among the symbols within the same category.
· Simulation output: power difference

Assumptions on the network configuration: Part I (excepting CRS port number)
For scenario 1 and 2, by default, UE follow below assumption of Network configuration for CRS-IM receiver
· no CRS muting, 
· MBSFN configuration same as serving cell for scenario 1; NO MBSFN configuration for scenario 2
· Channel bandwidth and centre frequency aligned for the serving and neighbouring cells for scenario 1
If above assumption not aligned with NW configuration: 
- Network can inform to UE by NWA signalling. FFS for the details of NWA signalling 
· It’s Network decision whether need to be informed to UE even the network configuration not aligned with default assumption. From network perspective, if such information conveys to UE, network expect UE should not follow the default assumption. 
- FFS whether UE blind detection can be considered as candidate UE receiver. If such UE capability introduced, separate UE capability signalling need to be introduced for UE receiver without blind detection 




Assumptions on the network configuration: Part II (CRS port number)
· On CRS port number in scenario 1:
· Option 1: The same number of CRS ports in the serving and neighbouring cells 
· Option 2: The number of CRS ports in the serving and neighbouring cells can be different 
· To be decided in the next meeting

How could UE obtain the identified parameters if not signalled by the network
· Option 1: By inter-RAT measurement, PBCH decoding
· Option 2:
· For scenario 1, by the configuration of serving cell CRS-RM
· For scenario 2, by the configuration of 7.5KHz shift and inter-RAT MO
· Further discuss the related technical aspects (the listed options under each technical aspect, i.e., the blue text, are ONLY for information):
· Whether inter-RAT MO can be always configured
· Option 1: Up to BS implementation 
· Option 2: Can always configure the inter-RAT MO if neighbour EUTRA cell exists. 
· Option 3: Configured for UE under neighbouring LTE interference
· Question: Can we agree that UE will not need to perform CRS-IM if LTE MO is not configured?
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
· Option 1: UE will perform the LTE measurements only when the RSRP/RSRQ of the serving cell is lower than a certain threshold configured by the NW
· The threshold is signalled as s-MeasureConfig in IE MeasConfig
· Option 2: The threshold is configured by network and not always be configured 
· Option 3: Yes, and it is nothing to do with the threshold (no reporting). It is based on the RRM requirements that Inter-RAT LTE measurement is performed right after receiving the inter-RAT MO.
· Whether PBCH decoding is always possible in inter-RAT measurement
· Option 1: Cannot guarantee that subframe #0 with LTE PBCH is within the measurement gap. 
· Option 2: Up to BS configuration, e.g., proper setting of gap offset
· On centre frequency and bandwidth of LTE carrier for scenario 2:
· LTE center frequency: by inter-RAT MO 
· LTE carrier bandwidth: 
· Option 1: By power comparison. The number of channel bandwidth configuration is limited to 6 in LTE. By using LLR weighting, first, UE can measure the RE/RB power assuming the bandwidth is 20MHz, and then calculate the power difference with the assumption of 6 possible CBW configurations, last, find the largest CBW with considerable power difference as the LTE channel  bandwidth.
· Option 2: Decode LTE PBCH
· Option 3: Estimate the CRS power per certain PRB bundling size
· How to blindly detect the MBSFN configuration (if needed)
· Option 1: PBCH decoding is not enough, and UE will need to decode SIB2 to get MBSFN configuration.

Whether to introduce network assistance signalling
· Option 1: Introduce network assistance on neighbour cell LTE configuration
· Option 1A: NW signaling include LTE presence, location and sequence 
· Option 1B: NW signaling include number of CRS ports and cell id, MBSFN configuration, CRS muting flag for the neighbor LTE cell 
· Option 1C: Full network assistance
· For scenario 1, Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag
· For scenario 2, Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag, Bandwidth of the LTE carrier, Center of the LTE carrier, MBSFN configuration
· Option 1D: Partial network assistance
· For scenario 1, Physical Cell ID, CRS muting usage flag or Physical Cell ID of cells without CRS muting
· For scenario 2, Physical Cell ID, CRS muting usage flag, MBSFN configuration
· Option 1E: Light network assistance for scenario 2
· Physical Cell ID of LTE cells without CRS muting
· Option 1F: Ultra light network assistance 
· 1 bit signaling to inform enable/disable CRS-IM
· Other options are not precluded
· Option 2: Do not consider network assistant information 
· Issues related to Option 1 (if option 1 is considered):
· FFS Maximum number of neighboring cells to be signaled for option 1:
· Option 1: 8 
· Note: Same as LTE network assistance
· Option 2: 4 
· Note: For inter-RAT measurement, UE is expected to measure up to 4 cells per LTE frequency layer.
· Other options are not precluded, depending on whether CRS sequence information is needed.

Potential impact by misdetection of network parameters without network signalling
· Option 1: Not to consider any misdetection in phase II 
· Option 2: Consider the misdetection related to CRS muting, MBSFN configuration, CRS ports

Whether to introduce CRS-IM UE capability signalling
· Agree to introduce UE capability signalling for CRS-IM.
· FFS on the details, including the granularity of the capability and other aspects if necessary.

3. WF on Test setup for CRS-IM
3.1. General test setup
Sync or async test setup for FDD
· Follow the WID and focus on synchronous test cases in phase II

Test scenario
· Both scenario 1 and scenario 2 are included in the WID.
· To perform CRS-IM, if the required parameters specific to scenario 2 cannot be obtained by UE (either by UE detection or NWA signalling), RAN4 would re-consider whether to define the corresponding demod requirements for scenario 2.

Modelling of the change of dominant interference
· Deprioritize the study of the mobility scenario

CBW and SCS for target and interference cells
· 10MHz CBW for FDD 15kHz
· 20MHz CBW for TDD 15kHz

TDD configuration for target and interference cells
· Use 3D1S1U with S = 10D+2G+2U for the target NR cell with TDD 15kHz SCS
· Use DSUDDDSUDD with S = 10D+2G+2U for the interference LTE with TDD 15kHz SCS.
· Note: The start of transmission of LTE frame is delayed by 2 LTE subframes with respect to the start of transmission of NR frame, which is aligned with the TDD-TDD EN-DC configuration in demod test.

3.2. Interference model
Number of explicitly modelled interfering cells
· Model 2 interference cells for the requirement definition for CRS-IM test.

Interference power level
· INR1 = 10.45 dB and INR2 = 4.6 dB will be used as the INR for defining requirements.
· FFS other INR value can be included.
· Option 1 for the other INR value: Add one set of INRs with smaller INR values where reasonable CRS-IM gain over the reference scheme can still be shown, for example, select INR values that achieve ~1dB CRS-IM gain over the reference scheme. 
· Proponents for option 1 are encouraged to provide exact numbers on the additional interference INR/loading level.

PDSCH loading level on interference cell
· 20% loading level with full PRB allocation will be used for defining requirements.
· FFS other interference loading level can be included.

CRS pattern
Reuse the phase I assumption:
· Non-colliding between the serving cell CRS (if exits) and interference cell CRS
· Non-colliding CRS between the two interfering cells
· For example:
· For scenario 1, v-shift = 0, 1, 2 for the serving and two interference cells
· For scenario 2, v-shift = 1, 2 for the two interference cells

Time offset and frequency shift for sync network
Reuse the phase I assumption:
· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.

Transmission rank for the interference LTE
· 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cell(s). 

Modulation scheme for the interference PDSCH
· 16 QAM randomly modulated symbols in the interfering PDSCH when exists

Precoding scheme for the LTE interference PDSCH
· Random precoding

MBSFN configuration for interference LTE PDSCH
· No MBSFN is configured on LTE carrier

CRS muting for interference LTE
· Disable CRS muting on LTE carrier

Centre frequency for the interference LTE cell
· Same between serving cell and neighboring cells

3.3. Common parameters for target and interfering cells
Further discuss the LTE CRS port number
· Option 1: Only cover 4 CRS ports 
· Option 2: Cover 2 and 4 CRS ports
· Option 3: Only cover 2 CRS ports

Rx antenna port number
· Cover 2Rx and 4Rx

Propagation condition for target and interference cell
· TDLA30-10 ULA low

NR Carrier number
· NR single carrier scenario

3.4. Target NR PDSCH parameters
Rank for target NR PDSCH
· Rank 1 

MCS for target NR PDSCH
· Use MCS 13 as baseline for INR1/2 = 10.45/4.6 dB

Precoding scheme for the NR target PDSCH
· Random precoding (Single panel Type 1) with precoding granularity is 2, PRB bundling size is 2 with PRB bundling type is static

HARQ process number for target NR PDSCH
· 4 for FDD
· 8 for TDD

PDSCH configuration for target NR
· PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data

Symbol length (L) for the target PDSCH
· Use Option 1: L = 9 for scenario 1, L = 12 for scenario 2 

Overhead for TBS determination 
· Overhead as 18 when Rel-15 CRS-RM is configured for the target cell (Scenario 1), and overhead as 0 for scenario 2.

CSI-RS configuration for the target NR
· Reuse the Rel-15 assumptions for ZP CSI-RS, NZP CSI-RS and TRS configuration in PDSCH demodulation requirements for the serving cell

SSB configuration for target NR
· Configure the first SSB in slot #0 in every 20 ms, and the slot #0 in every 20 ms is not scheduled for PDSCH transmission

Other NR target and LTE interference parameters
· Following parameters (same as the existing NR PDSCH LTE-NR Coexistence tests) can be agreeable
	Parameters
	Value

	Active DL BWP index
	1

	PDCCH allocation 
	Scenario 1: symbols #2
Scenario 2: symbols #0 and #1 

	Maximum HARQ transmission number
	4

	CP type
	Normal for NR target and interference LTE


	NR target PDSCH configuration
	k0
	0

	
	PDSCH aggregation factor
	1

	
	Resource allocation type
	Type 0

	
	RBG size
	Config2

	
	VRB-to-PRB mapping type
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	N/A



· Use TM4 assumption for the interference LTE
· NR UL transmission with a 7.5 kHz shift to the LTE raster: enabled for scenario 1, disabled for scenario 2
· Reuse other common parameters in ‘Table 5.2-1: Common test parameters’ in TS 38.101-4, excepting the following parameters:
· Symbols for PDCCH: Symbol #2 for scenario 1 
· Subcarrier spacing: 15kHz SCS, FFS for 30kHz SCS

