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Introduction
At RAN1#110-e meeting, the main work for RAN1 was completed and the following agreement were achieved.  
	Agreement
If the feature “Reception of NR PDCCH candidates that overlap with LTE CRS REs “is supported, it is RAN1 understanding that the feature is supported by UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension, i.e., no change to UE assumption on PDCCH DMRS RE positions/pattern in a symbol that are used for the purpose of channel estimation.

Agreement
Reception of NR PDCCH candidates that overlap with LTE CRS REs is supported by Rel18 UEs
PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side.
Note: depends on UE capability 
Following options can be used for PDCCH-DMRS channel estimation
· legacy CE assumption 
· RAN1 consider support this, if no RAN4 performance requirements are defined
· CE on clean symbol(s) only (this channel estimation option does not apply for 1 symbol CORESET)

Note: Restriction on the symbols and/or LTE CRS patterns applicable for above agreements can be considered during UE capability session.

Conclusion
RAN1 understands above agreements applies to 15kHz SCS only.



In this document, we discuss remaining issues related to specification of NR PDCCH reception in symbols with LTE CRS REs.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
RRC parameters
At RAN1#110-e meeting, two agreements and one conclusion were achieved. According to the agreement of RAN1#110-e meeting, there are two options can be used for PDCCH-DMRS channel estimation: legacy CE or CE on clean symbol(s) only, which may depend on UE capabilities. It means that the two channel estimation options can be regarded as two UE capabilities, one supports legacy channel estimation and the other supports CE on clean symbol(s) only. 
However, even if the UE reports the channel estimation capability, the channel estimation method is still not fixed and UE can still select one of two options to perform channel estimation. From the perspective of UE implementation, there is no difference between these two channel estimation. No additional algorithm complexity are introduced in CE on clean symbol(s) only compared to legacy CE. In addition, the legacy UE already support both CE and depend on implementation. That is, using DMRS of one symbol for channel estimation, or using DMRS of all symbols for channel estimation. Thus, the two channel estimation cannot be regarded as two UE capabilities.
[bookmark: _GoBack]The channel estimation method indicated by gNB is the most direct and simplest method. The gNB needs to transmit an indicator to the UE. For example, a new RRC parameter (i.e., PDCCH-DMRS-CE-r18) in ServingCellConfig can be introduced to indicate the channel estimation method. Alternatively, a bit information is carried in the system information to indicate the channel estimation method.
Observation 1. From UE channel estimation perspective, there is no difference for legacy CE or CE on clean symbol(s) only in terms of UE capability and complexity.
Observation 2. Network can have full knowledge about the situation of LTE deployment and its interference level to NR side; thus, it is suitable for network to control the whole DSS transmission including UE channel estimation method, which will potentially achieve the best NR-PDCCH performance. 
Proposal 1. NR-PDCCH channel estimation method is indicated by the network:
1. By introducing a new RRC parameter (i.e., PDCCH-DMRS-CE-r18) in ServingCellConfig, or
1. By introducing a bit information in SIB1
Remaining issues
There are some remaining issues, including the locations of symbols where NR PDCCH reception with CRS puncturing, applicable search space set and LTE CRS patterns, etc.
Unknown LTE PDCCH/ PCFICH
Based on the previous discussion, it does not have a clear clarification that locations of the NR PDCCH symbols applied to this feature. And it is not clear whether or not NR PDCCH can extend to symbol#0. Unlike the LTE CRS, the LTE PDCCH/PCFICH/PHICH is not always-on signal. The collision between LTE PDCCH/ PCFICH/PHICH and NR PDCCH can be solved by network scheduling. If there is no LTE PDCCH/ PCFICH/PHICH in the first symbol, the UE can receive the NR PDCCH candidate in the first symbol. So some argue that there is no need to impose restrictions on location of NR PDCCH symbols.
However, UE cannot obtain the location of the LTE PDCCH/PCFICH/PHICH and whether to collision or not, and there will be ambiguity for UE. The UE performs blind detection on the NR PDCCH candidate only according to the monitoring occasion configured in the search space. If the monitoring occasion overlaps with LTE PDCCH/ PCFICH/PHICH, UE will make unnecessary efforts, which is not conducive to power saving of the UE. If NR PDCCH is not allowed to be configured on symbols that overlap with LTE PDCCH/ PCFICH/PHICH, there will be no problem. But there is no explicit restriction for this in the specification. 
Thus, the location of the LTE PDCCH/ PCFICH/PHICH needs to be indicated by gNB to avoid ambiguity, which is the most direct way. If the NR PDCCH candidate collides with the LTE PDCCH/ PCFICH/PHICH, the UE is not required to monitor the NR PDCCH candidate. Otherwise, the UE needs to receive NR PDCCH candidate.
Proposal 2. The location of the LTE PDCCH needs to be indicated by gNB.
LTE CRS pattern lists
According to the discussions in AI 9.9.2 in RAN1#110-e meeting, the UE can be configured with one or two CRS rate matching pattern lists, i.e. only legacy list 1, legacy list 1 and list 2, only new list 3, new list 3 and list 4. There would be limited REs besides LTE CRS if two CRS patterns overlapping in frequency can be configured to puncture NR PDCCH, which will have a great impact on NR PDCCH decoding performance. Thus, it should be clarified only one LTE CRS pattern list is applicable to NR PDCCH candidate.
Proposal 3. Only one LTE CRS pattern list is applicable to NR PDCCH candidate.  
Search space types
It’s not clear that how gNB should handle cell-specific CSS coexistence between legacy UEs and Rel-18 DSS UEs. For the CSS such as Type 0/0A/1/2, it is typically cell specific and they might be shared by a group of UEs such as UE is before RRC connection setup. Thus, it is not feasible to do LTE CRS puncture NR PDCCH associated with Type 0/0A/1/2 CSS. Besides, it may include legacy UEs and Rel-18 DSS UEs. In order to maintain consistent UE behavior, reception of NR PDCCH candidates that overlap with LTE CRS REs cannot apply to cell-specific CSS. 
Proposal 4. NR PDCCH in Type 0/0A/1/2 CSS punctured by LTE CRS on overlapping symbols is not supported.
Conclusion
In this contribution, we have the following observations and proposals.
Observation 1. From UE channel estimation perspective, there is no difference for legacy CE or CE on clean symbol(s) only in terms of UE capability and complexity.
Observation 2. Network can have full knowledge about the situation of LTE deployment and its interference level to NR side; thus, it is suitable for network to control the whole DSS transmission including UE channel estimation method, which will potentially achieve the best NR PDCCH performance. 
Proposal 1. NR PDCCH channel estimation method is indicated by the network:
1. By introducing a new RRC parameter (i.e., PDCCH-DMRS-CE-r18) in ServingCellConfig, or
1. By introducing a bit information in SIB1
Proposal 2. The location of the LTE PDCCH needs to be indicated by gNB.
Proposal 3. Only one LTE CRS pattern list is applicable to NR PDCCH candidate.
Proposal 4. NR PDCCH in Type 0/0A/1/2 CSS punctured by LTE CRS on overlapping symbols is not supported.
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