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1 Introduction
In RAN#91-e, it was agreed to discuss the requirements for NR PDSCH for handling CRS from neighboring cell in LTE-NR coexistence scenario. The WID [1] for further enhancement on NR demodulation performance was modified and the corresponding modification is shown as below. In this contribution, we provide our views for PDSCH requirements for CRS-IM.

	· Evaluate techniques to cope with CRS interference in scenarios with overlapping spectrum for LTE and NR
· Candidate reference receiver to enable neighboring cell CRS-IM
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solutions specified in Rel-15 and Rel-16 shall be evaluated.
· Feasibility of the considered solution regarding NR PDSCH processing timeline need to be checked. 
· Priority will be given to solutions not having RAN1 specification impact.
· Synchronous network scenario is prioritized. As second priority, RAN4 could evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful.
· 15 kHz SCS for NR is prioritized. RAN4 should evaluate the feasibility and usefulness of 30 kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful.
Note: The work can be started from May 2021 meeting.



2 Discussion
2.1 LTE/NR co-existence
Dynamic spectrum sharing (DSS) provides a very useful migration path from LTE to NR. To help faster 5G rollout, the network operators can deploy 5G using their existing LTE frequency bands and base stations dynamically share the resources based on the traffic load. As the time and frequency resources are shared between NR UE and LTE UE, the core requirement for DSS is that existing essential channels of LTE, such as reference signals used for synchronization and downlink measurements, should be still transmitted for backward compatibility. For example, it is not possible to change the fixed allocation of always-on CRS signals in LTE. However, in the scenario of LTE/NE co-existence, NR UE and LTE UE would interfere with each other. For NR UE, the REs occupied by CRS for LTE UE cause interference to NR PDSCH. Also, for LTE UE, the REs occupied by PDSCH for NR UE cause interference to LTE CRS. As illustrated in Figure 1, it can be shown that CRS RE from neighbor DSS cell (4 CRS ports) interfere with the same RE of NR PDSCH, which degrades NR UE reception performance.
Observation 1: In the scenario of LTE/NR co-existence, NR UE and LTE UE would interfere with each other. 
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Figure 1. CRS interference in the LTE-NR coexistence scenario (4 CRS ports in neighboring interference cell).

2.2 CRS-IM schemes
Based on the discussion in RAN#91-e, we first consider the scenario of synchronized network and 15kHz SCS. In the non-MBSFN subframe of LTE, the CRS resources layout can vary depending on the number of antenna ports and vshift. Here, we focus on how to mitigate inference from LTE CRS to NR PDSCH. There are two possible schemes to handle neighbor cell CRS interference in LTE/NR co-existence scenarios. One is rate matching around CRS from neighbor cell and another one is CRS interference cancellation (CSR-IC) receiver. 
Rate matching around CRS
The time and frequency allocation for NR in the downlink can be designed not to collide with CRS for avoiding interference from LTE. With rate matching, NR PDSCH are rate matched around the REs of CRS occupied by interference cell. There is no interference for NR UE as there is no collision between NR PDSCH and LTE CRS. From the perspective of NR UE, it only needs to be aware of the CRS rate matching pattern of neighbor interference cells for decoding the desired data. Furthermore, from the perspective of LTE UE, there will no interference on CRS if rate matching for NR PDSCH around LTE CRS is applied. 
CRS-IC receiver
The main idea for CRS-IC receiver is a successive processing of detection, decoding, re-encoding and cancellation. It reconstructs CRS interference signal and further cancels the interference from the received signal, followed by the demodulation and decoding of the desired data. Compared with CRS rate matching, it will increase the receiver complexity with the interference detection, interference estimation and interference cancellation. This will increase the UE processing time and may make it difficult to fulfill the requirement for response timing between DL data and DL HARQ.
Observation 2: The receiver complexity for CRS-IM with rate matching is much lower than CRS-IM with interference cancellation.
2.3 Simulation results
[bookmark: _GoBack]We provide some preliminary simulation results for rate matching and CRS-IC receiver as below.  
Table 1. Simulation results
	CSR-IM schemes
	Throughput

	
	Sector edge (MCS4)
	Cell edge (MCS0)

	
	SNR 10dB
SIR 0dB
	SNR 5dB
SIR -5dB
	SNR -2dB
SIR -2dB
	SNR -5dB
SIR -5dB

	No Handling (MMSE-IRC receiver)
	<1Mbps

	Rate matching around CRS
	33 Mbps
	20 Mbps
	6 Mbps
	3Mbps

	CRS-IC receiver
	24 Mbps
	18 Mbps
	7 Mbps
	3Mbps

	Simulation assumptions:
· CRS is rate matched in the serving LTE cell
· Two non-colliding neighbor LTE cells
· 20MHz NR/LTE channel bandwidth
· 4-port LTE CRS
· 15kHz NR/LTE SCS
· DMRS@symbol#3 and #12
· TDLA30-5



From the simulation results, it can be shown that although the REs for PDSCH are rate matched around the location of REs for CRS to avoid the interference between CRS and NR PDSCH, it would reduce the number of retransmissions compared to CRS-IC receiver where NR PDSCH is interfered by LTE CRS. The throughput for rate matching is comparable to that of CRS-IC receiver. It would be useful to study and understand the benefits of CRS-IC receiver against rate matching around CRS before introducing PDSCH requirements for CRS-IM. We think companies should compare the throughput between these two schemes.
Observation 3: The throughput for CRS-IM scheme with rate matching is comparable to that with CRS-IC receiver.
Proposal 1: The throughput for CRS-IM schemes should be compared, at least including rate matching around CRS and CRS-IC receiver.
Proposal 2: The gain of CRS-IC receiver over rate matching around CRS should be justified before introduce any requirement.
2.4 Network assistance signaling
For the both above-mentioned CRS-IM schemes, rate matching around CRS and CRS-IC receiver, NR UE must know the number of antenna ports and vshift of the neighbor interfering cells to facilitate interference handling. Without network assistance signalling, NR UE may perform blind detection for the presence of always-on neighboring CRS interference, which lead to unnecessary increased UE power consumption for scenarios where CRS-IM processing is not needed. Hence, we think NR UE should be explicitly informed and at least semi-static RRC message can be used to configure CRS patterns of interfering cell.   
Proposal 3: CRS patterns of interfering cell should be informed and at least semi-static RRC message can be used.
There could be multiple neighbor interfering cells which have different CRS patterns colliding with the NR PDSCH transmissions from the serving cell. To cope with non-colliding LTE CRS interference from multiple neighbor interfering cells, we can use the IE lte-CRS-PatternList2-r16 introduced in Rel-16 which supports multiple CRS rate matching patterns.　
Proposal 4: To cope with non-colliding LTE CRS interference from multiple neighbor interfering cells, we can use the IE lte-CRS-PatternList2-r16 introduced in Rel-16.
3 Conclusion
The observations and proposals for CRS-IM receiver are summarized as below:
Observation 1: In the scenario of LTE/NR co-existence, NR UE and LTE UE would interfere with each other. 
Observation 2: The receiver complexity for CRS-IM with rate matching is much lower than CRS-IM with interference cancellation.
Observation 3: The throughput for CRS-IM scheme with rate matching is comparable to that with CRS-IC receiver.
Proposal 1: The throughput for CRS-IM schemes should be compared, at least including rate matching around CRS and CRS-IC receiver.
Proposal 2: The gain of CRS-IC receiver over rate matching around CRS should be justified before introduce any requirement.
Proposal 3: CRS patterns of interfering cell should be informed and at least semi-static RRC message can be used.
Proposal 4: To cope with non-colliding LTE CRS interference from multiple neighbor interfering cells, we can use the IE lte-CRS-PatternList2-r16 introduced in Rel-16.
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