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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.


One of the topics which was discussed during RAN #93e meeting and previous RAN4 meetings is whether to define network assistance signalling. In this paper we provide our view on this issue.
Discussion
Description of receiver candidates
Network assistance signalling of certain parameters is usually used to reduce UE power consumption, complexity of UE Rx processing and to improve DL performance (i.e., errors in detection of some parameters required for receive processing may lead to performance degradation). In LTE, the following information about neighboring cells parameters is provided to UEs to facilitate CRS-IM processing:
· Physical Cell ID
· Number of CRS antenna ports
· MBSFN configuration
Two types of receivers are considered for NR CRS-IM processing: CRS-IC and LLR weighting. In RAN #93e meeting, it was discussed whether same or different information about neighboring cells parameters is required for considered CRS-IM receivers. 
In our understanding almost similar set of information on neighboring cells parameters is required for CRS-IC and LLR weighting receivers. Further we provide the description of both receiver algorithms to show how information about neighboring cells parameters is used.

CRS-IC processing flow
· Step 0: Identification of the set of dominant LTE neighbouring cells
· Step 1: Identification of slots/PRBs with CRS interference
a. In case MBSFN is configured, UE doesn’t need to apply CRS-IM processing for slots which overlap with neighboring cell(s) MBSFN subframes
b. In case CRS muting (NW based CRS-IM) is applied in the neighbouring cell(s), UE needs to detect the respective information (i.e. whether CRS is transmitted in the center 6 PRBs only)
· Step 2: Channel estimation on the neighboring cell(s) CRS REs
a. Step 2-1: Reconstruction of CRS Tx signal from the interested neighboring cell(s)
b. Step 2-2: LS channel estimation on the neighboring cell(s) CRS REs 
c. Step 2-3: MMSE channel estimation on the neighboring cell(s) CRS REs
· Step 3: Reconstruction and cancellation of CRS Rx signal from the neighboring cell(s)

LLR weighting processing flow
· Step 0: Identification of the set of dominant LTE neighbouring cells
· Step 1: Identification of slots/PRBs with CRS interference(same processing as for CRS-IC)
· Step 2: Estimation of the signal(s) power of the  neighbouring cell(s)
· Option A (based on channel estimation of neighbouring cell(s))
· Step 2A-1: Reconstruction of CRS Tx signal from the neighbouring cell(s)
· Step 2A-2: LS channel estimation on the neighbouring cell(s) CRS REs
· Option B (based on power difference)
· Step 2B-1: Estimation of total receive signal power on CRS REs
· Step 2B-2: Estimation of power of serving cell signal (use serving cell channel estimation) and residual interference plus noise (use estimation from DMRS)
· Step 2B-3: Estimate the difference between powers in steps 2B-1 and 2B-2
· Note: Performance of this option can be worse in comparison to Option A, because estimation of power difference can be less accurate than power estimation based channel estimation.
· Step 3: Weighting of LLRs of PDSCH REs affected by neighbouring cell(s) CRS signal(s)
Step description: After equalization and de-mapping of Serving PDSCH signal, LLRs are scaled by postprocessing SINR value. For example, SINR can be calculated as , where  is estimation of interference-plus-noise power and can be calculated based on DMRS. In case, neighbouring cell signal, for which we want to apply the CRS-IM processing, have only CRS in certain slot,  contains only information about residual interference and AWGN powers. Therefore, we need to adjust the post processing SINR values for LLRs of PDSCH REs affected by neighbouring cell CRS signal. For these REs, SINR should be calculated as , where .is the signal power of the neighbouring cell which is estimated is step 2.


In table below we provide the information on parameters of neighbouring cell signal which is required for different receiver algorithms and different steps.
	CRS-IC
	LLR weighting

	Step 1
	MBSFN configuration
CRS muting usage flag
	Step 1
	MBSFN configuration
CRS muting usage flag

	Step 2
	Physical Cell ID
Number of CRS antenna ports
Bandwidth of the LTE carrier
Centre of the LTE carrier
	Step 2 (Opt A)
	Physical Cell ID
Number of CRS antenna ports
Bandwidth of the LTE carrier
Centre of the LTE carrier

	
	
	Step 2 (Opt B)
	Physical Cell ID (just for CRS mapping pattern)
Number of CRS antenna ports
Bandwidth of the LTE carrier
Centre of the LTE carrier

	Step 3
	No additional information is needed on top of Steps 1/2
	Step 3
	No additional information is needed on top of Steps 1/2


From this table we can observe that the same set of information on neighbouring cell signal parameters is required for CRS-IC and LLR weighting. 
Proposal 1:	Assume that the following information about neighbouring cell(s) signal(s) parameters is required for both receivers, i.e. CRS-IC and LLR weighting:
· Physical Cell ID
· MBSFN configuration
· CRS muting usage flag 
· Number of CRS antenna ports
· Bandwidth of the LTE carrier
· Center of the LTE carrier
Network assistance signalling
The need for network assistance depends on the network/UE implementation complexity trade-off and should be carefully assessed. The network assistance signalling framework may be different for the two WI scenarios (Figure 1) 
· 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 or NR mode. Only cells in LTE mode have CRS transmission.
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	[bookmark: _Ref54300090]Figure 1. CRS interference scenarios in overlapping spectrum for LTE and NR.


For further discussion we suggest to discuss the network assistance signalling question separately for these two scenarios.
Scenario 1 (DSS)
In case we consider Scenario 1, serving cell configures UE with the CRS rate matching pattern, which already contains the following information related to the co-located LTE cell parameters:
· Bandwidth of the LTE carrier
· Center of the LTE carrier
· MBSFN configuration
· Number of CRS antenna ports
· v-Shift
For DSS scenarios it is reasonable to assume that many CRS parameters across different cells will be reused and UE can assume that at least bandwidth and centre of the LTE carriers are aligned for the neighbouring cells. Potentially, we can also assume that MBSFN configuration is same for serving and neighbouring cells. Therefore, network signalling and UE detection of these parameters is not required. Based on such information, we have the following list of parameters as potential candidates for network assistance signalling:
· Physical Cell ID
· Number of CRS antenna ports
· CRS muting usage flag
In case we assume that all this information is not provided by network, the following UE processing is required before activation of CRS-IM processing:
1) Detection of all neighboring cells based on PSS/SSS detection and checking of all possible Physical cell IDs
2) Estimation of number of CRS antenna ports for each detected cell ID
3) Per slot detection on whether CRS is transmitted in 6 center PRBs or in whole CBW (i.e. whether CRS muting is used)
Based on our understanding, the more complicated part of above UE processing is the detection of neighbouring cells candidates and per slot detection of applying of CRS muting. However, if UE has information that CRS muting is not applied at the neighbouring cell, then UE can skip this per slot detection. Therefore, we think that at least it will be rather beneficial to inform UE about the list of candidate neighbouring cells with information on whether CRS muting is applied or nor or list of candidate neighbouring cells without CRS muting. We think that such option can be used to balance between UE complexity and power consumption and NW complexity and signalling overhead. However, we can also check the companies views on pros and cons of two corner cases (Full network assistance and No network assistance) to understand which option is more preferable. 
Proposal 2:	For scenario 1 assume that Bandwidth of the LTE carrier, Center of the LTE carrier and MBSFN configuration are same for serving and neighbouring cells and derived based on CRS rate matching pattern configuration
Proposal 3:	For scenario 1 consider one of the following options for network assistance signalling:
· Option 1: Full network assistance (Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag)
· Option 2: Partial network assistance (Physical Cell ID, CRS muting usage flag or Physical Cell ID of cells without CRS muting) 
· Option 3: No network assistance
Scenario 2
In case we consider Scenario 2, based on our understanding, neighbouring cell(s) can be either NR or LTE cell. In case UE operates under conditions that all neighbouring cells are NR cells and network signalling is not provided, detection of CRS interference presence (i.e. LTE cells) will be rather redundant and will cause impact on UE power consumption. Therefore, it will be rather beneficial to inform UE that it operates in scenarios with LTE neighbouring cells to activate CRS-IM processing.
In comparison to scenario 1, UE also is not aware about the following parameters:
· Bandwidth of the LTE carrier
· [bookmark: _Hlk85842858]Center of the LTE carrier
· MBSFN configuration
In case information about first two parameters is not provided, UE need to detect neighbouring cells PSS/SSS and make demodulation/decoding of PBCH, because information about bandwidth is transmitted in MIB.
As for MBSFN, taking into account that its configuration is semi-static, potentially, CRS presence detection is not required in all slots and UE can use CRS presence detection within certain period of time to detect the MBSFN pattern.
Detection procedure of other parameters is same as for Scenario 1 in case no network assistance signaling is assumed.
For Scenario 2 we also have several options for further discussion to find the solution acceptable for most of the companies.
Proposal 4:	For scenario 1 consider one of the following options for network assistance signalling under assumption that MBSFN configuration is same for serving and neighbouring cells:
· Option 1: Full network assistance (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 2: Partial network assistance (Physical Cell ID, CRS muting usage flag, MBSFN configuration)
· Option 3: Light network assistance (Physical Cell ID of LTE cells without CRS muting)
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:	Assume that the following information about neighbouring cell(s) signal(s) parameters is required for both receivers, i.e. CRS-IC and LLR weighting:
· Physical Cell ID
· MBSFN configuration
· CRS muting usage flag 
· Number of CRS antenna ports
· Bandwidth of the LTE carrier
· Center of the LTE carrier
Proposal 2:	For scenario 1 assume that Bandwidth of the LTE carrier, Center of the LTE carrier and MBSFN configuration are same for serving and neighbouring cells and derived based on CRS rate matching pattern configuration
Proposal 3:	For scenario 1 consider one of the following options for network assistance signalling:
· Option 1: Full network assistance (Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag)
· Option 2: Partial network assistance (Physical Cell ID, CRS muting usage flag or Physical Cell ID of cells without CRS muting) 
· Option 3: No network assistance
Proposal 4:	For scenario 1 consider one of the following options for network assistance signalling under assumption that MBSFN configuration is same for serving and neighbouring cells:
· Option 1: Full network assistance (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 2: Partial network assistance (Physical Cell ID, CRS muting usage flag, MBSFN configuration)
· Option 3: Light network assistance (Physical Cell ID of LTE cells without CRS muting)
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