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1	Introduction
According to the last meeting’s WF [1], RRC based network assistant signaling was formally agreed to be introduced. However, the detailed aspects of this signaling have not been touched. 
	General agreement for NWA signalling of CRS-IM receiver
· RRC based NWA signalling shall be introduced. The details up to RAN2 with necessary input from RAN4.



In this contribution, we plan to share our views on some of the important aspects, including the signaling content, way of transmission, granularity, etc. 
2	Discussion
2.1 Cell ID information
From the last meeting’s agreements, Cell ID information is not needed from baseline receiver assumption and from RAN4 performance requirements aspects:
	Need of CRS sequence information for LLR weighting
· Not restrict UE implementation, CRS sequence not needed from baseline receiver assumption for defining RAN4 minimum performance requirements
· By default, Cell ID information is not needed from RAN4 performance requirements aspect; Cell ID can be included into NWA signalling as optional. 
· FFS the maximum number of cell ID information 



As it is also agreed that the Cell ID can be included into NWA signalling as optional, we think there is a need to specify the maximum number of cell ID information. 
So, here, Cell ID refers to the PCI of interfering LTE cells around the serving cell. It can be signaled to the UE by optional for the need to regenerate the CRS sequence in the process of CRS-IM. However, it is unclear how many Cell IDs will be signaled. 
According to the RRM requirements, the CONNECTED mode NR – E-UTRAN FDD measurement capability is specified in TS38.133 9.4.2 as follows:
	The UE shall be capable of identifying and performing NR – E-UTRAN FDD RSRP, RSRQ, and RS-SINR measurements of at least 4 identified E-UTRAN FDD cells per E-UTRA FDD carrier frequency layer during each layer 1 measurement period, for up to 7 E-UTRA FDD carrier frequency layers.
If higher layer filtering is used, an additional cell identification delay can be expected.
[…]
When DRX is in use, the UE shall be capable of performing NR – E-UTRAN FDD RSRP, RSRQ, and RS-SINR measurements of at least 4 identified E-UTRAN FDD cells per E-UTRA FDD frequency layer during each layer 1 measurement period, for up to 7 E-UTRA FDD carrier frequency layers, and the UE physical layer shall be capable of reporting NR – E-UTRAN FDD RSRP, RSRQ, and RS-SINR measurements to higher layers with the measurement period Tmeasure, E-UTRAN FDD specified in Table 9.4.2.3-2.



Observation 1: From RRM inter-RAT measurement capability point of view, it is expected UE can measure up to 7 E-UTRA FDD carrier frequency layers. 
Back to the previous discussion of LTE CRS-IC, it is assumed eNB configure CRS assistance information, which up to 8 cells (maxCellReport). 
Observation 2: In LTE, eNB can configure CRS assistance information up to 8 cells. 
We think it is preferable for the network to inform a set of Cell IDs, which are the most possible strong interference candidates, since the network does not know which cell is the most interfering one, and it strongly depend on UE’s location. Then, UE will need to select from this set and decide which one exactly is the most interfering cell.
Considering the RRM inter-RAT measurement capability and LTE CRS assistance information signaling, we think gNB can optionally configure up to 8 LTE cell IDs, and then let UE to decide which one to use according to the UE capability. 
Proposal 1: When NW doesn’t configure inter-RAT meas., gNB can optionally configure up to 8 LTE cell IDs and let UE to decide which ID(s) to use. 
2.2 vshift information
It is agreed as the baseline assumption that there is no need to inform vshift information by NWA signaling:
	v-shift information
· The baseline assumption: No need to introduce NWA signaling for v-shift information



From our point of view, either cell ID or vshift information included in the NWA can help. And, apparently, cell ID is more important since UE can get derive the vshift information from Cell ID. 
One concern is that when both cell ID and vshift are signaled to the UE, it is confusing if the number of cell ID provided by Network is different to the number of vshift information, for example: 2 cell IDs and 3 vshift information. 
In this case, we suggest to follow the baseline assumption to not introduce vshift information into the NWA signaling. 
Proposal 2: Follow the baseline assumption to not introduce vshift information into the NWA signaling. 
2.3 LTE channel bandwidth information
From the agreements in the last meeting, it is agreed that the LTE cell presence and carrier frequency (for scenario 2) can be obtained by either inter-RAT MO configuration information or NWA signaling. 
	· 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)



However, the exact LTE channel bandwidth can not be acquired by inter-RAT MO configuration information, since inter-RAT MO configuration only provides the carrier frequency, cell ID and allowed measurement bandwidth.  One option is to let UE acquire MIB to obtain channel bandwidth information if PBCH is within the configured measurement gap. Another option is that UE can use power detection to obtain it. And, of course the network can inform UE by optional as well. 
	Option 1 (baseline assumption):
· For scenario 2, LTE channel bandwidth information can be awared by following possible ways:
· With inter-RAT MO configured, 1) UE can use PBCH decoding to obtain channel bandwidth information for CRS-IM if PBCH is within the configured measurement gap, or 2) UE can use power difference detection to obtain channel bandwidth information
· For UE capable of obtaining LTE CBW information by PBCH decoding and/or power detection, inter-RAT MO information is needed to perform CRS-IM otherwise UE not expected to perform CRS-IM.
· LTE channel bandwidth information can be informed to UE by NWA signalling (optional)
· For UE not capable of obtaining LTE CBW information by PBCH decoding and/or power detection, NWA signalling on LTE CBW is needed to perform CRS-IM otherwise UE not expected to perform CRS-IM.
· Separate capability will be introduced for UE capable of performing CRS-IM in scenario 2 without the above new NWA signalling on LTE channel bandwidth.


 
Since the inter-RAT measurement specified in RRM does not require to decode MIB, it is required additional task for UE to acquire LTE channel bandwidth during the inter-RAT measurement. We generally feel comfortable with the potential ways mentioned above to acquire LTE channel bandwidth, that is we assume two types of UE: 1) UE capable of LTE channel bandwidth detection with inter-RAT measurements and 2) UE not capable of LTE channel bandwidth detection and requiring the NWA signaling on LTE channel bandwidth. 
However, it’s important to have same understanding on the PDSCH scheduling between NW and UE. To be specific, it is necessary to let the network know when UE can perform CRS-IM receiver. For example, when gNB provides the NWA signaling of LTE channel bandwidth, UE does not need to detect LTE channel bandwidth through inter-RAT measurement, it is possible to schedule the PDSCH based on CRS-IM receiver immediately. On the other hand, if gNB does not provide the NWA signaling and UE is capable of LTE channel bandwidth detection, NW needs to consider the measurement period before UE starting CRS-IM receiver. 
It is important to discuss when UE can start to perform CRS-IM receiver, and this information can be used by gNB or TE to schedule PDSCH, otherwise TE may start to schedule PDSCH before UE can acquire the LTE channel bandwidth information and in the worst case UE cannot pass the CRS-IM tests. 
We summarize possible scenarios according to UE capabilities and ways of acquiring LTE channel bandwidth:
	
	UE is capable of neighboring LTE channel bandwidth acquisition from inter-RAT measurement
	UE is NOT capable of neighboring LTE channel bandwidth acquisition from inter-RAT measurement

	gNB signals the optional neighboring LTE cell information 
	UE can perform CRS-IM immediately after the NWA signaling.
	UE can perform CRS-IM immediately after the NWA signaling.

	gNB DOES NOT signal the optional neighboring LTE cell information 
	UE can perform CRS-IM after the neighboring LTE channel bandwidth acquisition.
	UE is not expected to perform CRS-IM.


 
Considering above analysis, it’s important to clarify when UE can start CRS-IM receiver according to different UE capabilities and NWA signaling conditions. Especially we think RAN4 needs to clarify the delay in the case UE needs to acquire LTE channel bandwidth, e.g. N x inter-RAT measurement period, where N is the number of inter-RAT MO configurations. The detail NW scheduling procedure and timer is up to RAN2. 
Proposal 3: RAN4 to discuss when UE can start to perform CRS-IM receiver according to different UE capabilities of LTE channel bandwidth detection and NWA signaling on LTE channel bandwidth. If necessary, RAN4 will capture the expected delay in TS38.101-4.
Proposal 3a: If RAN4 define the CRS-IM requirements with Scenario 2 for UE capable of LTE channel bandwidth acquisition without NWA signaling on LTE channel bandwidth, TE does not start PDSCH scheduling until UE acquires LTE channel bandwidth, e.g. N x inter-RAT measurement period where N is the number of inter-RAT measurement configuration. 
Proposal 3b: If RAN4 define the CRS-IM requirements with Scenario 2 with NWA signaling on LTE channel bandwidth, TE starts PDSCH scheduling immediately after the connection setup. 
Proposal 4: RAN4 to send the LS to RAN2 to specify the procedure about NW scheduling and timer for CRS-IM feature. 
Meanwhile, it is open for discussion that whether the test requirement for the following schemes can be the same:
	· Scheme #1: CRS-IM with Inter-RAT MO configured and perform PBCH decoding and/or power difference detection
· Scheme #2: CRS-IM with NWA signaling



From our observation, the CRS-IM, which should exactly refer to LLR weighting now, can achieve at least 1.3dB gain based on the LS [2]. The performance gain between different schemes is not too much. Thus, it’s unnecessary to define two different requirements with a proper deviation.
	-	For CRS-IM using LLR weighting with and without NW assistant signaling (Scheme #6 and #7), the average gain over the reference scheme is 1.3 dB ~ 2.9 dB for different simulation case.



[bookmark: _Hlk95771606]Proposal 5: Define the same test requirement for scheme 1 and 2. 
Another aspect is whether to have two different test setups for scenario 2:
	· Further discuss the following test setup for scenario 2 in the next meeting:
· Option 1: Define one set of test setup with both Inter-RAT MO and the new NMA signaling configured by the network
· Option 2: Define 2 sets of test setup: 1) Only Inter-RAT MO is configured, and; 2) Only the new NWA signaling is configured.
· FFS the applicability of the 2 sets of test setup 
· Option 3: Define one set of test setup: Only the new NWA signaling is configured.



From our point of view, option 2 seems more clearer for defining requirement. In addition, to go with option 2, two different UE capabilities need to be introduced. One concern for option 1 and option 3 is that there is a need to clarify and make sure UE is not expected to perform CRS-IM before acquiring the LTE cell information.
Proposal 6: Define 2 sets of test setup with applicability rule: Test 1: Only Inter-RAT MO is configured, and Test 2: Only the new NWA signaling is configured. 
· Test 1 is applicable for UE capable of LTE channel bandwidth acquisition with inter-RAT measurement.
· Test 2 is applicable for UE not capable of LTE channel bandwidth acquisition with inter-RAT measurement.
2.4 NWA Signalling design
As for the signaling design, it is agreed that the signaling (when the default NW configuration assumptions are NOT valid) is [per serving cell]. It is very important to have this NWA signaled per serving cell, otherwise it would be too much complicated and bring too much redundant workload to the network since many of the information transmitted to different UEs are the same. 
The detailed content of this new NWA signaling should contain agreed parameters as optional. 
We then create an example of this signalling based on the agreements in the WF [1] as follows, however the detailed signaling design is up to RAN2, RAN4 only need to provide what information that the signaling is needed and its granularity (e.g. number of elements, bits). 
CellInfoLTE-CRS-IM-r17 ::=         SEQUENCE {
    carrierFreqDL-r17                       INTEGER (0..16383),
    carrierBandwidthDL-r17                  ENUMERATED {n6, n15, n25, n50, n75, n100, spare2, spare1},
    mbsfn-SubframeConfigList-r17            EUTRA-MBSFN-SubframeConfigList     OPTIONAL,
    crs-Muting-r17                          BOOLEAN                            OPTIONAL,
    cell-ID-r17                             BIT STRING(8)                      OPTIONAL,
    NrofCRS-Ports-r17                       ENUMERATED {n1, n2, n4}            OPTIONAL
}

In our understanding, RAN4 has agreed with the several NWA signaling depending on the scenario. Table 2.4-1 summarizes our understanding and proposal of signaling structure to ask RAN2 to define in TS38.331. Note all the elements are optional.  
[bookmark: _Ref95514630]Table 2.4-1 Proposed NWA signaling structure for CRS-IM receiver.
	Signaling name
	Applicable CRS-IM scenario
	Description
	Formats

	Configuration
	Scenario 1 and 2
	· True if the default configuration (Note 1) is not valid. 
· Not signal if the default configuration is valid. 
	1 bit flag

	CRS assistance information
	Scenario 1
	· Cell ID
· Number of CRS ports  
	Up to [8] cells 

	CRS assistance information
	Scenario 2
	· Cell ID 
· Number of CRS ports
· LTE center frequency
· LTE channel bandwidth
	Up to [8] cells 

	Note 1:	
· Scenario 1: Not configure CRS muting. MBSFN subframes configuration is same as the serving cell. Same number of CRS ports as the serving cell. Channel bandwidth and center frequency are aligned with the serving cell. 
· Scenario 2: Not configure CRS muting. Not configure MBSFN subframe configuration. 4 CRS ports. 



3	Summary
In this contribution, we discussed the detailed of how to design the NWA signaling, together with the discussion of what information is needed and its granularity. To summarize:
Observation 1: From RRM inter-RAT measurement capability point of view, it is expected UE can measure up to 7 E-UTRA FDD carrier frequency layers. 
Observation 2: In LTE, eNB can configure CRS assistance information up to 8 cells. 
Proposal 1: When NW doesn’t configure inter-RAT meas., gNB can optionally configure up to 8 LTE cell IDs and let UE to decide which ID(s) to use. 
Proposal 2: Follow the baseline assumption to not introduce vshift information into the NWA signaling. 
Proposal 3: RAN4 to discuss when UE can start to perform CRS-IM receiver according to different UE capabilities of LTE channel bandwidth detection and NWA signaling on LTE channel bandwidth. If necessary, RAN4 will capture the expected delay in TS38.101-4.
Proposal 3a: If RAN4 define the CRS-IM requirements with Scenario 2 for UE capable of LTE channel bandwidth acquisition without NWA signaling on LTE channel bandwidth, TE does not start PDSCH scheduling until UE acquires LTE channel bandwidth, e.g. N x inter-RAT measurement period where N is the number of inter-RAT measurement configuration. 
Proposal 3b: If RAN4 define the CRS-IM requirements with Scenario 2 with NWA signaling on LTE channel bandwidth, TE starts PDSCH scheduling immediately after the connection setup. 
Proposal 4: RAN4 to send the LS to RAN2 to specify the procedure about NW scheduling and timer for CRS-IM feature. 
Proposal 5: Define the same test requirement for scheme 1 and 2. 
Proposal 6: Define 2 sets of test setup with applicability rule: Test 1: Only Inter-RAT MO is configured, and Test 2: Only the new NWA signaling is configured. 
· Test 1 is applicable for UE capable of LTE channel bandwidth acquisition with inter-RAT measurement.
· Test 2 is applicable for UE not capable of LTE channel bandwidth acquisition with inter-RAT measurement.
Proposal 7: Proposed signaling structure for CRS-IM receiver: 
NWA signaling structure for CRS-IM receiver.
	Signaling name
	Applicable CRS-IM scenario
	Description
	Formats

	Configuration
	Scenario 1 and 2
	· True if the default configuration (Note 1) is not valid. 
· Not signal if the default configuration is valid. 
	1 bit flag

	CRS assistance information
	Scenario 1
	· Cell ID
· Number of CRS ports  
	Up to [8] cells 

	CRS assistance information
	Scenario 2
	· Cell ID 
· Number of CRS ports
· LTE center frequency
· LTE channel bandwidth
	Up to [8] cells 

	Note 1:	
· Scenario 1: Not configure CRS muting. MBSFN subframes configuration is same as the serving cell. Same number of CRS ports as the serving cell. Channel bandwidth and center frequency are aligned with the serving cell. 
· Scenario 2: Not configure CRS muting. Not configure MBSFN subframe configuration. 4 CRS ports. 



References
[1] R4-2203131, WF on general part and 15 kHz NR SCS scenario for CRS-IM receiver
[2] R4-2115741, LS on RAN4 evaluation for LTE CRS interference handling for NR UE

