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Introduction
In RAN#94-e meeting, a new WI on Enhancement of NR Dynamic spectrum sharing[1] was agreed. One of the objectives of this WI is 
· Study and if needed specify NR PDCCH reception in symbols with LTE CRS REs. [RAN1]
· Investigate enabling LTE CRS to puncture NR PDCCH, including the impact to NR PDCCH DMRS if there is the performance gain from the additional PDCCH resources.
Dynamic spectrum sharing was discussed and specified in the specification since Rel-15. In this contribution, we discuss the further enhancement on DSS, especially on LTE CRS puncturing the NR PDCCH REs and give our proposals.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Dynamic spectrum sharing between LTE and NR is one of important aspect to make sure the NR deployment success without frequency re-farming. With the NR traffic increasing, the NR PDCCH capacity could be the bottle neck to schedule more users. DSS was developed since Rel-15 and evolved in every release. Several techniques could reduce the PDCCH capacity burden, such as Rel-17 defined sScell cross carrier scheduling P(S)cell, single DCI scheduling multiple cell PDSCH under Rel-18 multi-carrier enhancements WI or implementation solution, e.g, FDM sharing between LTE and NR PDCCH. NR PDCCH reception in LTE CRS symbol could be another possible way to increase the PDCCH capacity. Considering these existing or ongoing schemes, the benefits of PDCCH reception on LTE CRS symbol should be investigated. The following aspects need to clarify first in the study.  
· LTE bandwidth assumption
Assume the bandwidth for DSS is 20MHz, LTE bandwidth need to be determined, i.e.  20MHz or smaller bandwidth such as 3MHz, 5MHz. 
· LTE antenna port number
With antenna port increase, it could cause more interference if NR PDCCH transmit in the LTE CRS symbol. If two antenna port is assumed as showing in Figure 1, then the second and third symbol are available for PDCCH transmission already. If four antenna port is assumed as showing in Figure 2, the second and third symbol could be used by PDCCH transmission with the cost of the PDCCH REs in second symbol punctured by LTE CRS. 
· Number of symbols for PDCCH transmission 
Even the NR traffic increase dramatically, LTE network still provide the service. The first symbol in a subframe still could provide PHICH or PDCCH for LTE UL scheduling. To keep the LTE backward compatible, the first symbol in a slot is not available for NR PDCCH. In another word, there is no collision between NR PDCCH with PCFICH/PHICH. 
If NR PDCCH search space is configured within first three symbols, at most two symbols are available for PDCCH transmission, PDSCH can be scheduled with PDSCH mapping type A with PDCCH in the same slot. If the search space is configured with any consecutive up to three symbols in a slot, PDCCH REs will be punctured by CRS in a symbol for both two CRS ports and four CRS ports. In this case, only cross slot scheduling is supported for PDSCH with mapping type A.   
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	Figure 1: LTE with two antenna ports
	Figure 2: LTE with four antenna ports


Proposal 1: The following aspects need be considered in studying the performance impacts for LTE CRS puncturing NR PDCCH: LTE system bandwidth, Number of LTE CRS port, Number of symbols for PDCCH transmission.
In short, to support PDSCH with mapping type A, the NR PDCCH should be configured in first three symbols in a slot, at most two symbols are available for PDCCH transmission.
Observation: LTE with two antenna ports configuration could provide better PDCCH capacity than four antenna ports configuration in DSS.  
For DSS, if the LTE system performance is the concern, four CRS ports could be configured to support 4x4 MIMO. In this case, LTE CRS puncture the NR PDCCH REs could be supported. Considering the legacy DSS UE in the network which doesn’t support PDCCH reception with puncture REs. The backward compatibility needs to be considered. Therefore, the PDCCH search space for Rel-18 eDSS capable UE is configured in the second symbol and the third symbol is configured for PDCCH transmission for legacy DSS UE. And cell specific search spaces could not be configured in the symbol with LTE CRS transmission, such as search space for SIB1, OSI, RA and paging.
Proposal 2: If the performance gain is justified, type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS can be configured in LTE CRS symbol.
Summary
In this contribution, we discuss the aspects on NR PDCCH reception in LTE CRS symbol, and the potential specification impacts. We have the following proposals and observation:
Proposal 1: The following aspects need be considered in studying the performance impacts for LTE CRS puncturing NR PDCCH: LTE system bandwidth, Number of LTE CRS port, Number of symbols for PDCCH transmission.
Observation: LTE with two antenna ports configuration could provide better PDCCH capacity than four antenna ports configuration in DSS.  
Proposal 2: If the performance gain is justified, type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS can be configured in LTE CRS symbol.
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