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Background
As per [1], RAN 4 agreed to introduce CRS-IM rest with the new NWA signalling on LTE CBW configured but FFS whether to define the other set of test setup with only inter-RAT MO configured and following issues are going to be discussed:

	Test setup for scenario 2
· Define one set of test setup with the new NWA signalling on LTE CBW configured. 
· FFS whether to define the other set of test setup with only inter-RAT MO configured:
· FFS whether the same test requirements for CRS-IM can be applied in the two sets of test setup, considering that:
· Whether or not to assume no error in LTE CBW detection: 1) based on PBCH decoding and/or power detection for the two interferers with different power level, or 2) based on PBCH decoding and/or power detection for the first dominant interferer.
· TE does not start PDSCH scheduling of serving cell until UE acquires LTE channel bandwidth, further discuss the time needed for UE to acquire LTE channel bandwidth:
· Option A: N x inter-RAT measurement period where N is the number of inter-RAT measurement configuration. One candidate value for N is 4, and other values are not precluded. FFS for the inter-RAT measurement period.
· Other options are not precluded
· Whether the inter-RAT MO is only configured during the beginning of the test or throughout the test




In this paper, we provide our views on how to design the test with only inter-RAT MO configured.
Discussions

Whether to introduce the test with inter-RAT MO
The first issue is whether to introduce the test with only inter-RAT MO configured for scenario 2.  Based on our understanding, it was agreed to introduce two types of UE with different capabilities for CRS-IM receiver on scenario 2. If only test with NWA is introduced, the type of UEs not relaying on NWA can’t be tested. Therefore, we propose to define the test with inter-RAT MO configured.
Observation 1: If only test with NWA is introduced, the type of UEs not relaying on NWA will can’t be tested.
Proposal 1: Introduce the test with inter-RAT MO configured.

Test design 
[bookmark: _GoBack]In TS 38.133, RRM part defined 26 gap patterns which has been captured in Table 9.1.2-1 (See in appendix). Considering the scenario2 is NR standalone operation in serving cell, only pattern 0,1,2,3 can be used which is specified in Table 9.1.2-3 (See in appendix).However, gap pattern 2 and 3 need UE capability signalling according to TS 38.306: 
	supportedGapPattern
Indicates measurement gap pattern(s) optionally supported by the UE for NR SA, for NR-DC, for NE-DC and for independent measurement gap configuration on FR2 in (NG)EN-DC. The leading / leftmost bit (bit 0) corresponds to the gap pattern 2, the next bit corresponds to the gap pattern 3, as specified in TS 38.133 [5] and so on. The UE shall set the bits corresponding to the measurement gap pattern 13, 14, 17, 18 and 19 to 1 if the UE is an NR standalone capable UE that supports a band in FR2 or if the UE is an (NG)EN-DC capable UE that supports independentGapConfig and supports a band in FR2.



Meanwhile, comparing to gap pattern #0, gap# 1 need longer period which may need more absolute time for inter-RAT measurement. Hence, we propose to use Gap pattern 0 for CRS-IM scenario 2 requirements definition.
Proposal 2: Use Gap pattern 0 for CRS-IM scenario 2 requirements definition.
RRM part has defined the requirements for inter-RAT measurement that UE shall be able to identify a new detectable FDD cell within TIdentify, E-UTRAN FDD (6240ms for gap pattern 0) for FDD or  (6240ms for gap pattern 0) for TDD. Based on our understanding, the test design should satisfy the requirement. 
Proposal 3: The test design should satisfy the RRM requirements that UE shall be able to identify a new detectable FDD cell within TIdentify, E-UTRAN FDD (6240ms for gap pattern 0) for FDD or  (6240ms for gap pattern 0) for TDD
Another issue is whether the inter-RAT MO is only configured during the beginning of the test or throughout the test. Taking into account it was agreed inter-RAT MO configuration is one of signalling to inform UE enable CRS-IM, there is the risk that UE will disable CRS-IM during the test that if inter-RAT MO is only configured during the beginning of the test. Therefore, we propose to configure it through the test.
	LTE cell presence and carrier frequency for scenario 2
· From RAN4 minimum performance requirements aspect, it’s not required to blind detect LTE carrier frequency information for CRS-IM receiver baseline assumption. 
· The information can be awared by following possible ways:
· For scenario 2, inter-RAT MO configuration information (LTE cell presence and carrier frequency) can be utilized to perform CRS-IM if configured by NW. 
· LTE cell carrier frequency information can be informed to UE by NWA signalling for scenario 2 (optional)
· If such information not conveyed to UE, UE not expected to enable CRS-IM receiver. 



Observation 2: It was agreed inter-RAT MO configuration is one of signalling to inform UE enable CRS-IM, there is the risk that UE will disable CRS-IM during the test that if inter-RAT MO is only configured during the beginning of the test.
Proposal 4: Configure inter-RAT MO through the test.
PBCH decoding is used to acquire CBW information of neighbouring cells. Therefore, PBCH performance can affect the LLR weighting performance. The simulation results for LTE PBCH performance are shown in Table 2-1. In the simulation, following assumptions are used:
· Scenario: Two cells are explicitly modelled with SNR of strong cell equaling to 10.46dB and SNR of weaker cell equaling to 4.6dB
· Propagation conditions: TDLA30-10
· Antennal configuration:  4T2R and 4T4R
· Receiver: MMSE without interference mitigation algorithm 
· Simulation time: 400000 TTI
· Reception time: UE perform PBCH decoding only one time without combination per 40ms considering the limitation of MGL and MGRP. 
· Time offset: 0
· Frequency  Offset: 0

It is noted that the reason of assuming no time offset and frequency offset is that UE can track the time/frequency offset during the inter-RAT MO when perform cell identification. 
Table 2-1: Simulation results for LTE PBCH performance
	Cell
	BLER of 4T2R
	BLER of 4T4R

	Strong cell (SNR=10.45dB)
	0.0003
	0.0000

	Weaker cell (SNR=4.6dB)
	0.1405
	0.0149



Observation 3: Considering the limitation of MGL and MGRP, UE can only perform PBCH decoding one time per 40ms.
Observation 2: The PBCH BLER of stronger interference cell is about 0 for both 4T2R and 4T4R. The PBCH BLER of weaker interference cell is 0.1405 for 4T2R and 0.0149 for 4T4R.
In the last meeting, we have common understanding that UE may need N*MGRP to do PBCH decoding. Based on our understanding, the stronger cell’s PBCH can be decoded successfully one time. The probability of weaker cell’s PBCH failure probability is 0.14N  where N is the number of PBCH independent transmission decoded by UE. Therefore, we propose to set N to number of coherent times (100ms for TDLA30-10) rather than MGRP to eliminate the impact of channel fading. When N=5, the probability that UE decode weaker cell’s PBCH successfully is 99.99%. Hence, we propose to set time for decoding PBCH to 500ms.
Proposal 5: Set time for decoding PBCH to 500ms to ensure the probability that UE decode weaker cell’s PBCH successfully is at least 99.99%
Therefore, we suggest that PDSCH is scheduled after TIdentify, E-UTRAN FDD+500ms for FDD and TIdentify, E-UTRAN TDD+500ms for TDD
Proposal 6: PDSCH is scheduled after TIdentify, E-UTRAN FDD+500ms for FDD and TIdentify, E-UTRAN TDD+ 500ms for FDD
Therefore, only difference between case with PBCH decoding and case with NWA configured is some slots for measurement can’t be used for PDSCH transmission which has no impact on performance. However, UE can also perform blind detection to acquire the LTE bandwidth. In order to verify the performance for blind detection, we did a simulation for following cases:
· Baseline: Inter-RAT MO is not configured and UE perform demodulation without CRS interference mitigating
· LLR weighting with option 1: Inter-RAT MO is not configured and UE perform LLR weighting with network assistance signalling.
· LLR weighting with option 2: Inter-RAT MO is configured and UE has information of LTE bandwidth which is acquired by decoding PBCH of interference cell 1.
· LLR weighting with option 3: Inter-RAT MO is configured and UE perform LLR weighting per PRB without PBCH decoding. (Blind detection )
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Figure 2-1: Simulation results for LLR weighting with NWA and blind detection (FDD)
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Figure 2-2: Simulation results for LLR weighting with NWA and blind detection (TDD)

We can observe that there is no performance difference for all cases. Therefore, we can reuse the requirement of case with NWA for case with inter-RAT MO.
Proposal 7: Reuse the requirement of case with NWA for case with inter-RAT MO.
Conclusion
In this paper, we provide our views on test setup for CRS-IM receiver for 15 kHz. The proposals and observations are:
Observation 1: If only test with NWA is introduced, the type of UEs not relaying on NWA will can’t be tested.
Proposal 1: Introduce the test with inter-RAT MO configured.
Proposal 2: Use Gap pattern 0 for CRS-IM scenario 2 requirements definition.
Proposal 3: The test design should satisfy the RRM requirements that UE shall be able to identify a new detectable FDD cell within TIdentify, E-UTRAN FDD (6240ms for gap pattern 0) for FDD or  (6240ms for gap pattern 0) for TDD
Observation 2: It was agreed inter-RAT MO configuration is one of signalling to inform UE enable CRS-IM, there is the risk that UE will disable CRS-IM during the test that if inter-RAT MO is only configured during the beginning of the test.
Proposal 4: Configure inter-RAT MO through the test.
Observation 3: Considering the limitation of MGL and MGRP, UE can only perform PBCH decoding one time per 40ms.
Observation 2: The PBCH BLER of stronger interference cell is about 0 for both 4T2R and 4T4R. The PBCH BLER of weaker interference cell is 0.1405 for 4T2R and 0.0149 for 4T4R.
Proposal 5: Set time for decoding PBCH to 500ms to ensure the probability that UE decode weaker cell’s PBCH successfully is at least 99.99%
Proposal 6: PDSCH is scheduled after TIdentify, E-UTRAN FDD+500ms for FDD and TIdentify, E-UTRAN TDD+ 500ms for FDD
Proposal 7: Reuse the requirement of case with NWA for case with inter-RAT MO.
Appendix
Table 9.1.2-1: Gap Pattern Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



Table 9.1.2-3: Applicability for Gap Pattern Configurations supported by the UE with NR standalone operation (with single carrier, NR CA and NR-DC configuration)
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose NOTE 2
	Applicable Gap Pattern Id

	
	FR1 NOTE5, or
FR1 + FR2
	non-NR RAT NOTE3,6
	0,1,2,3

	
	
	FR1 and/or FR2 NOTE 9
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6,9
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	Per-UE measurement 
	FR2 NOTE5
	non-NR RAT only 
NOTE3,6
	0,1,2,3

	gap
	
	FR1 only NOTE 9
	0-11, 24, 25

	
	
	FR1 and FR2 NOTE 9
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6,9
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	
	
	FR2 only NOTE 9
	12-23

	
	FR1 if configured
	non-NR RAT only 
	0,1,2,3

	
	FR2 if configured
	NOTE3,6
	No gap 

	
	FR1 if configured
	FR1 only 
	0-11

	
	FR2 if configured
	
	No gap

	
	FR1 if configured
	FR2 only
	No gap

	Per-FR
	FR2 if configured
	
	12-23

	measurement 
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	gap
	FR2 if configured
	FR1 NOTE3,6
	No gap

	
	FR1 if configured
	FR1 and FR2
	0-11

	
	FR2 if configured
	
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR2 NOTE3,6
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR1 and FR2 NOTE3,6
	12-23

	NOTE 1:	When E-UTRA inter-RAT RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.
NOTE 2:	Measurement purpose which includes E-UTRA measurements includes also inter-RAT E-UTRA RSRP and RSRQ measurements for E-CID; measurement purpose which includes E-UTRA measurements includes also E-UTRA RSRP and E-UTRA RSRQ measurements for E-CID.
NOTE 3:	Void
NOTE4:	If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among all serving cells subframes.
	If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR1.
	If per-FR measurement gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR2.
	TMG is the MG timing advance value provided in mgta according to [2].
	In determining the measurement gap starting point, UE shall use the DL timing of the latest subframe occurring immediately before the configured measurement gap among serving cells.
NOTE 5:	NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in FR2. 
NOTE 6:	In NR single carrier, NR CA, and NR-DC mode, non-NR RAT means E-UTRA, and UTRA for SRVCC. In NR single carrier, NR CA, and NR-DC mode, if UTRA FDD inter-RAT frequency layer is configured to be monitored for SRVCC, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
[bookmark: _Hlk42031185]NOTE 7:	For UE only supporting supportedGapPattern-NRonly for any gap patterns among GP2-11, the corresponding gap patterns are not applicable to measurement of non-NR RATs as defined in NOTE 6.
NOTE 8:	Measurement gap patterns #24 and #25 can be requested [2] only when the UE is configured with any of RSTD, UE Rx-Tx, or PRS-RSRP measurements requiring such gaps and can only be used during the corresponding positioning measurement period.
NOTE 9:	Inclusion of positioning measurements for per-UE measurement gaps: Measurement purpose which includes any of FR1 and FR2 measurements includes also RSTD, UE Rx-Tx, and PRS-RSRP measurements.



Reference 
[1]   R4-2203131 WF on general part and 15 kHz NR SCS scenario for CRS-IM receiver.
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