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Introduction
In RAN #94e meeting, the WID for Enhancement of NR Dynamic spectrum sharing (DSS) was approved and the objectives of the work item include:
· 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.
In this contribution, the above objective is discussed.
Discussion
There exist some restrictions in TS 38.213 for NR PDCCH monitoring and CORESET configuration, as following:
	10.1	UE procedure for determining physical downlink control channel assignment
……
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate.
……
When precoderGranularity = allContiguousRBs, a UE does not expect 
· to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
· any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, or with any RE of a SS/PBCH block.


Based on the above restriction, it was raised that NR PDCCH resource is not enough due to the existence of LTE CRS with four CRS ports, so study of whether NR PDCCH can be received in symbols with LTE CRS REs is needed. In the following, we analyses the potential impacts on enabling NR PDCCH reception in symbols with LTE CRS REs from perspective of UE channel estimation and specification impact.
UE channel estimation:
In commercial LTE network, it is most likely to configure 2-port or 4-port LTE CRS to support MIMO transmissions. For 2-port or 4-port CRS, there are totally 3 CRS patterns considering different frequency shift, i.e. occupying REs {#0, #3, #6, #9}, {#1, #4, #7, #10}, {#2, #5, #8, #11}. Given NR PDCCH DMRS occupies RE {#1, #5, #9} in each REG,  if NR PDCCH is allowed to be received in symbols with LTE CRS of 2 or 4 ports, there must be one RE per REG that is polluted regardless of the frequency shift, as shown by Figure 1.
[image: ]
Figure 1: Collision between NR PDCCH DMRS RE and CRS RE
Observation 1: For 2-port or 4-port CRS, there must be one NR PDCCH DMRS RE per REG to collie with LTE CRS if NR PDCCH reception in symbols with LTE CRS REs is supported.
If NR PDCCH DMRS is punctured, the frequency gap between some adjacent DMRSs would be very large. As shown by Figure 2, there exists collision between LTE CRS and NR PDCCH DMRS in RE #9. This results in the frequency gap between the last DMRS in PRB n and its adjacent DMRS, i.e. the first DMRS in PRB n+1, becomes to 8 RE, which is a relatively larger gap compared to normal frequency gap, i.e. 4 RE. The large frequency gap not only leads to UE demodulation performance decrease, but also results in irregular DMRS patterns and therefore increases UE complexity for channel estimation. Moreover, the irregular DMRS pattern would change depends on different configuration of LTE CRS pattern. If NR carrier overlaps with more than one LTE carrier, more irregular DMRS patterns are created, which would cause more complexity for UE channel estimation algorithm.
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Figure 2: Irregular NR PDCCH DMRS pattern with non-uniformly distributed DMRS
Observation 2: Enabling NR PDCCH reception in symbols with LTE CRS REs would lead to additional implementation complexity for channel estimation as well as decreased demodulation performance.
Specification impact:
As analyzed above, if NR PDCCH reception in symbols with LTE CRS REs is supported, there would be overlapping between NR PDCCH DMRS RE and CRS RE for 2-port and 4-port CRS. The DMRS puncturing would highly impact UE demodulation performance, so from RAN4 perspective, additional performance requirement for UE demodulation as well as PDCCH related parameters for other procedure, e.g. radio link failure, needs to be defined. Moreover, from RAN1 perspective, the specification impact is not only limited to remove the related restriction in TS 38.213, additional PDCCH mapping needs to be considered if evaluation option 1-2 is adopted. Also, discussions are needed for the applicable search space set and how to get the LTE CRS pattern(s) for PDCCH. 
Observation 3: Enabling NR PDCCH reception in symbols with LTE CRE REs would lead to non-negligible discussions and potential spec impact on RAN1 and RAN4, including:
· RAN1 impact: 1) remove the restriction in TS 38.213; 2) additional PDCCH mapping rule; 3) applicable search space set; 4) how to get the LTE CRS pattern(s) for PDCCH;
· RAN4 impact: additional performance requirement for UE demodulation as well as PDCCH related parameters for other procedure, e.g. radio link failure, needs to be defined.
In the following, we further discuss the RAN1 impact if enabling NR PDCCH reception in symbols with LTE CRS REs. As analyzed above, enabling NR PDCCH reception in symbols with LTE CRS REs is quite challenging for UE implementation of channel estimation. So in order to enable UE to reuse legacy channel estimation based on regular DMRS pattern as much as possible, it is preferred to introduce some restrictions on NR CORESET/Search space set configuration, so that DMRS is not punctured in all PDCCH/CORESET symbols. Take 4 port CRS as an example, there are totally  kinds of CORESET configurations within the first 3 symbols: 1) {1st} symbol; 2) {2nd} symbol; 3) {3rd} symbol; 4) {1st, 2nd} symbol; 5) {2st, 3rd} symbol; 6) {1st, 2nd, 3rd} symbol. In the above configurations, at least configuration 1), 2), 4) should be precluded, this is because in these configurations, DMRS is punctured in all PDCCH/CORESET symbols. Configuration 3) is the same as legacy, which can be surely supported and configuration 5) can be considered since there in one clean symbol, i.e. the 3rd symbol. For configuration 6), it is preferred to be precluded too since much more DMRSs would be punctured comparing with configuration 5), which leads to larger challenge for UE demodulation and implementation. 
Proposal 1: If NR PDCCH reception in symbols with LTE CRE REs is enabled:
· If there is at least one RE overlapping between a PDCCH candidate and LTE CRS RE in each symbol of the PDCCH candidate, the UE is not required to monitor the PDCCH candidate.
· When precoderGranularity = allContiguousRBs, a UE does not expect there is CORESET RE overlapping with LTE CRS RE in each symbol of the CORESET.
As for the applicable search space set that can be configured in symbols with LTE CRS, it makes sense to exclude at least Type-0/0A/1/2 CSS considering the coexistence of Rel-18 UE supporting this DSS feature and legacy UE.
Proposal 2: Type-0/0A/1/2 CSS cannot be configured in symbols with LTE CRS even if NR PDCCH reception in symbols with LTE CRS REs is enabled.
As for how to get the LTE CRS pattern(s) for PDCCH, there are two candidate options:
Option 1: introduce new RRC parameter specifically for PDCCH, i.e. lte-CRS-PatternList-ForPDCCH-r18;
Option 2: reuse the CRS pattern(s) configured for PDSCH.
Option 1 seems more simple and cleaner, however, considering the responsible working group for this objective does not involve RAN2, it seems option 2 is the better way forward to match the WID.
	· 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.


[bookmark: _GoBack]Proposal 3: If enabling NR PDCCH reception in symbols with LTE CRS REs, the CRS pattern(s) configured for PDSCH can be reused.
According to the discussions in AI 9.9.2, one or two CRS rate matching patterns can be configured together with single-TRP or multi-TRP, i.e. only legacy list 1, legacy list 1 and list 2, new list 3 and list 4 (if the working assumption is AI 9.9.2 is confirmed):
· If only legacy list 1 is configured, it is natural that CRS in legacy list 1 is used to puncture NR PDCCH;
· If legacy list 1 and list 2 are configured, there are 5 alternatives:
· Alt 1: only CRS in legacy list 1 is used to puncture NR PDCCH;
· Alt 2: both CRS in legacy list 1 and list 2 are used to puncture NR PDCCH;
· Alt 3: CRS in legacy list 1 is used to puncture NR PDCCH associated with coresetPoolIndex set to ‘0’; CRS in legacy list 2 is used to puncture NR PDCCH associated with coresetPoolIndex set to ‘1’;
· Alt 4: combination of Alt 2 and Alt 3, e.g. follow the same principle of the PDSCH rate matching behavior;
· Alt 5: NR PDCCH reception in symbols with LTE CRS REs is not enabled if UE is configured with 2 CRS lists.
· If new list 3 and list 4 are configured, there are also Alt 1~Alt 5 needs to be discussed.
However, since this is highly related to the discussions in AI 9.9.2, it is preferred to postpone the study until there are agreements for AI 9.9.2.
Proposal 4: If enabling NR PDCCH reception in symbols with LTE CRS REs, RAN1 to study how to reuse CRS pattern(s) configured for PDSCH after agreements are achieved in AI 9.9.2.
1. 
2. 
Conclusion
In this contribution, we discuss whether and how to enable NR PDCCH reception in symbols with LTE CRS REs and the following observations and proposals are made:
Observation 1: For 2 port or 4 port CRS, there must be one NR PDCCH DMRS RE per REG that is polluted if supporting NR PDCCH reception in symbols with LTE CRS REs.
Observation 2: Enabling NR PDCCH reception in symbols with LTE CRS REs would lead to additional implementation complexity for channel estimation as well as decreased demodulation performance.
Observation 3: Enabling NR PDCCH reception in symbols with LTE CRE REs would lead to non-negligible discussions and potential spec impact on RAN1 and RAN4, including:
· RAN1 impact: 1) remove the restriction in TS 38.213; 2) additional PDCCH mapping rule; 3) applicable search space set; 4) how to get the LTE CRS pattern(s) for PDCCH;
· RAN4 impact: additional performance requirement for UE demodulation as well as PDCCH related parameters for other procedure, e.g. radio link failure, needs to be defined.
Proposal 1: If NR PDCCH reception in symbols with LTE CRE REs is enabled:
· If there is at least one RE overlapping between a PDCCH candidate and LTE CRS RE in each symbol of the PDCCH candidate, the UE is not required to monitor the PDCCH candidate.
· When precoderGranularity = allContiguousRBs, a UE does not expect there is CORESET RE overlapping with LTE CRS RE in each symbol of the CORESET.
Proposal 2: Type-0/0A/1/2 CSS cannot be configured in symbols with LTE CRS even if NR PDCCH reception in symbols with LTE CRS REs is enabled.
Proposal 3: If enabling NR PDCCH reception in symbols with LTE CRS REs, the CRS pattern(s) configured for PDSCH can be reused.
Proposal 4: If enabling NR PDCCH reception in symbols with LTE CRS REs, RAN1 to study how to reuse CRS pattern(s) configured for PDSCH after agreements are achieved in AI 9.9.2.
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