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Introduction
In RAN #101-e meeting, WF on CRS-IM receiver in scenarios with overlapping spectrum for LTE and NR [1] was approved and multiple agreements were reached on network assistance signalling topic. In this paper we provide our view on remaining open issues.
Discussion
In the previous RAN4 meeting the following agreements were reached on the list of parameters required for CRS-IM processing in case LLR weighting methodology is used:
	· 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


From this agreement we can observe that the following parameters are required:
· v-shift and/or Physical Cell ID
· MBSFN configuration
· CRS muting usage flag 
· Bandwidth and center of the LTE carrier
· Number of CRS antenna ports
· LTE slot number within radio frame
The following agreement was reached on how UE can obtain information about some parameters:
	· 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 neighboring 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


Based on this agreement, we have the following list of the open questions:
· Details of signalling in case default assumptions on CRS muting, MBSFN configuration and LTE carrier center/bandwidth are not aligned with NW configuration
· FFS whether UE blind detection can be considered as candidate UE receiver
As for details of signalling, we can consider per cell signalling with one of the following content options:
· Option 1: Single bit in case NW configuration misalignment with default assumption exists for any of parameters
· Option 2: Separate bits for each parameter in case misalignment exists
· Option 3: Inform about exact configuration of parameters in case misalignment exists
Based on the previous meeting discussion, default assumptions for CRS-IM processing are typically used in the network. Therefore, it will be rather rare situation that network provides assistance signalling for these parameters. Based on such observation, we think that Option 3 can be considered, because from network point of view the average overhead on signalling will be rather low. Same time, in case UE will be informed about exact configuration of some of parameters, it will be clearer for UE whether to apply CRS-IM processing in scenario with certain configuration which is different in comparison to default assumptions.
As for UE blind detection and definition of corresponding UE capability signalling, we suggest not to consider it. The main purpose of considered demodulation requirements is verification of CRS-IM processing for typical conditions and we suggest to focus on scenarios with default settings listed in the agreement. In case UE blind detection of CRS muting or MBSFN configuration will be introduced, we need to define dedicated requirements to verify the correct detection of these parameters. Based on the previous meeting discussion using of CRS muting is rather rare setting. Therefore, we suggest to spend RAN4 effort on definition of requirements for more typical conditions.
Proposal 1:	Define per cell NWA signalling to inform UE about the configuration of the following NW parameters: CRS muting (for Scenario 1 and 2), MBSFN configuration (for Scenario 1 and 2) and LTE channel bandwidth/center frequency (for Scenario 1), if they are not aligned with default assumptions used for CRS-IM requirements definition.
Proposal 2:	Do not consider UE blind detection of CRS muting, MBSFN configuration and LTE channel bandwidth/center frequency for Scenario 1.
Proposal 3:	Do not consider UE blind detection of CRS muting and MBSFN configuration for Scenario 2.
Based on the above discussion, we can assume certain default NW settings for CRS-IM processing. Same time, UE still need to obtain information about the following parameters:
· v-shift and/or Physical Cell ID
· Bandwidth and center of the LTE carrier (for Scenario 2 only)
· Number of CRS antenna ports
· LTE slot number within radio frame
As for bandwidth and center of the LTE carrier for Scenario 2, based on the previous meeting discussion, we have the following list of options:
	· 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


From the options above we can observe that one of the options to get information on bandwidth and center of the LTE carrier is inter-RAT measurements and PBCH decoding. Same time, the following questions are still open based on the previous RAN4 meeting discussion:
· Q1: Whether inter-RAT MO can be always configured
· Option 1: Up to BS implementation 
· Option 2: Can always configure the inter-RAT MO if neighbor EUTRA cell exists. 
· Option 3: Configured for UE under neighboring LTE interference
· Q2: 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
· 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.
· Q3: 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
Based on our understanding, inter-RAT MO can be always be configured if neighbor EUTRA cell exists. Same time, it is also up to BS decision whether to configure it or not. In case requirements will be defined under assumptions that inter-RAT MO is configured, we need to configure measurement gaps and, during the PDSCH testing, take into account that UE will skip PDSCH receive processing for certain slots to apply the measurements.
As for second question, based on our understanding, Option 3 is valid assumption. As for Option 1, we think that it is used for IDLE mode cell reselection, but we consider inter-RAT MO for connected mode measurements.
As for PBCH decoding, we think that both options are valid and, depending on measurement gap configuration, LTE PBCH can be allocated within or out of measurement gap.
Based on above discussion, it looks like that it will be rather complicated from NW configuration and test setup point of view to use inter-RAT measurements and PBCH decoding as the source of information about LTE center frequency and carrier bandwidth. Therefore, we suggest to introduce NWA assistance signalling to inform UE about bandwidth and center of the carrier of all neighboring LTE cells. For scenario 2, introduction of such signalling can be also used to trigger the CRS-IM processing at the UE side, because for such scenario, there may be situation that all neighboring cells are NR cells, and it is rather redundant from UE power consumption point of view to start preparation to CRS-IM processing for scenario where it is not needed.
Proposal 4:	Define per cell NWA signalling to inform UE about bandwidth and center of the carrier of all neighboring LTE cells for Scenario 2.
As for information on v-shift/Physical Cell ID and number of CRS antenna ports, the following agreement was reached
	· 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.


As for LLR weighting with and without CRS sequence, in our companion paper [2] we provide the performance comparison of different LLR weighting methods. From this analysis, we can observe that LLR weighting with and without CRS sequence have rather same performance. Same time, based on our understanding, the complexity of LLR weighting without CRS sequence is slightly higher in comparison to LLR weighting with CRS sequence. Therefore, we think that it is better to assume that LLR weighting with and without CRS sequence can be used at the real UE implementation.
As for blind detection of CRS ports, in Figure 1 we provide the performance analysis of blind detection of this parameter for Scenario 1.
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	[bookmark: _Ref92646650]Figure 1. Performance of number of CRS ports.


From this analysis, we can observe that number of CRS ports can be rather reliable detected without significant impact on performance. Also, we think that complexity of number of CRS ports is rather reasonable. Therefore, we think that signalling of this information is not required.
Proposal 5:	Define per cell NWA signalling to inform UE about physical cell IDs of all neighboring cells.
Proposal 6:	Assume blind detection of number of CRS ports.
As for LTE slot number within radio frame, we think that for FDD we can assume than NR slot numbering is aligned with LTE subframe numbering. After obtaining of LTE subframe index, UE can easily convert it to slot number within the frame. In case of TDD, UE can identify LTE UL/DL pattern under assumption that UL/DL patterns are aligned between neighboring cells, because we have only 7 possible UL/DL patterns for LTE. After identification of UL/DL pattern, UE can calculate the slot number within the frame. Therefore, we think that network assistance signalling of this parameter is not required.
Proposal 7:	Assume blind detection of LTE slot number within the frame.
In Table 1 we provide the summary of our proposals on network assistance signalling topic.
[bookmark: _Ref92654158]Table 1. Summary of views on network assistance signalling.
	
	Scenario 1
	Scenario 2

	v-shift and/or Physical Cell ID
	NWA signalling of Physical Cell ID
	NWA signalling of Physical Cell ID

	MBSFN configuration
	Assume same as serving cell
If it is not the same than NWA signalling
	Assume no MBSFN configuration
If it is configured than NWA signalling

	CRS muting usage flag 
	Assume no CRS muting
If it is configured than NWA signalling
	Assume no CRS muting
If it is configured than NWA signalling

	Bandwidth and center of the LTE carrier
	Assume same as serving cell
If it is not the same than NWA signalling
	NWA signalling

	Number of CRS antenna ports
	Blind detection
	Blind detection

	LTE slot number within radio frame
	Blind detection
	Blind detection


Conclusion
In this paper we provided our view on network assistance signalling for CRS-IM receiver for scenarios with overlapping spectrum for LTE and NR and made the following proposals:
Proposal 1:	Define per cell NWA signalling to inform UE about the configuration of the following NW parameters: CRS muting (for Scenario 1 and 2), MBSFN configuration (for Scenario 1 and 2) and LTE channel bandwidth/center frequency (for Scenario 1), if they are not aligned with default assumptions used for CRS-IM requirements definition.
Proposal 2:	Do not consider UE blind detection of CRS muting, MBSFN configuration and LTE channel bandwidth/center frequency for Scenario 1.
Proposal 3:	Do not consider UE blind detection of CRS muting and MBSFN configuration for Scenario 2.
Proposal 4:	Define per cell NWA signalling to inform UE about bandwidth and center of the carrier of all neighboring LTE cells for Scenario 2.
Proposal 5:	Define per cell NWA signalling to inform UE about physical cell IDs of all neighboring cells.
Proposal 6:	Assume blind detection of number of CRS ports.
Proposal 7:	Assume blind detection of LTE slot number within the frame.
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