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Introduction
In this paper, we discuss NR spectral efficiency improvement for LTE-NR co-existence [1]
	· 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.
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Introduction

For FR1 the amount if new spectrum dedicated only for 5G NR is likely to be limited. As a result most of 5G NR deployments must share the same spectrum with already deployed 4G systems (LTE, LTE-A, LTE-A Pro). To facilitate efficient spectrum utilization among LTE and NR systems, dynamic spectrum sharing (DSS) is used, where the amount of the allocated resources (e.g. slot, subframes, PRBs, OFDM symbols, REs) for LTE and NR radio access technology (RAT) can be dynamically decided by the scheduling at the base station e.g. depending on the traffic loading conditions. Due to transmission of LTE and NR signals on the same carrier, collision of the transmissions from different RAT should be avoided. 
In most of the cases the collision of NR and LTE transmission can be avoided by scheduling, e.g. by allocating different PRBs or slots for LTE and NR transmission. However in some cases the transmission may not be flexible enough to allow such FDM or TDM sharing. In particular, cell specific reference signals (CRS) in LTE are always ‘ON’ signals and its transmission could not be avoided/skipped by eNB , since the LTE devices expect CRS transmission for different purposes. To solve the problem of NR transmission on the carrier that may also send LTE signals, co-existence of the NR transmission with LTE CRS should be considered. More specifically, NR system defines special PDSCH RE mapping pattern (CRS rate matching) which if configured defines the set of REs in the slot that is not available for NR PDSCH transmission. If CRS rate matching is configured by RRC, the PDSCH of NR is not transmitted on the corresponding resource elements (REs) and NR UEs are not using such REs for demodulation. The above collision avoidance with CRS, however, is not applicable to PDCCH of NR. As the result the PDCCH transmission should be always performed on the OFDM symbols not containing CRS. More specifically for LTE eNB transmitting 2 or 4 ports CRS, the PDCCH transmission should always start from the second or third OFDM symbol in the slot (depending on number of CRS antenna port number of symbols in the LTE control region). In this case, if the LTE system doesn’t have traffic to serve LTE UEs, the corresponding OFDM symbols allocated in the beginning of the slot for LTE transmission will be wasted (see Figure 1).
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Figure 1: Illustration of the first three OFDM symbols in NR slot for 3 PRBs according to current NR specification

Possible solutions

NR-PDCCH expansion with no DM-RS
A possible solution is to have the OFDM symbols used for NR PDCCH transmission and overlapping with CRS rate matching resources be transmitted with no DM-RS. In this case resource elements allocated for CRS transmission only collides with NR PDCCH resources. The collision could be addressed by puncturing of NR PDCCH. In this case CORESET should be configured in such a way so that there is at least one OFDM symbol allocated for NR PDCCH that doesn’t overlap with CRS rate matching resource. In this case there should be at least one OFDM symbols containing DM-RS of NR PDCCH as illustrated in Figure 2 where the first three symbols in the slot is shown.
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[bookmark: _Ref102128061]Figure 2: NR-PDCCH without DMRS in the OFDM symbols with CRS

NR-PDCCH DM-RS modification
Another possibility is to have the DM-RS pattern of NR PDCCH modified to avoid collision with CRS. More specifically regular comb-like DM-RS pattern can be used with the same density in the frequency domain as CRS, i.e., with density of 4 REs per PRB as illustrated in Figure 3. In this example the CRS shift and positions of DM-RS should be selected / configured in such a way so as to fully avoid the collision. CRS rate matching resource may puncture NR PDCCH.
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[bookmark: _Ref102127249]Figure 3: NR-PDCCH without DMRS in the OFDM symbols with CRS

Proposal: Study the following methods for improving co-existence of NR-PDCCH and LTE CRS
· transmission of NR-PDCCH without DMRS in the OFDM symbols with CRS
· modification of DM-RS pattern of NR PDCCH to avoid collision with CRS

Conclusion
In this paper, we have discussed improving co-existence of NR-PDCCH and LTE CRS and have the following proposal:
Proposal: Study the following methods for improving co-existence of NR-PDCCH and LTE CRS
· transmission of NR-PDCCH without DMRS in the OFDM symbols with CRS
· modification of DM-RS pattern of NR PDCCH to avoid collision with CRS
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