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1. Introduction
In RAN1#84, the following agreements have been made: 
Agreements:
· NB-RS uses a cell-specific frequency shift derived as NB-IoT Cell ID mod 6
· For NB-RS sequence, LTE CRS sequence is reused for NB-RS
· Centre of LTE CRS sequence is used as NB-RS sequence for all PRBs 
· Working assumption:
· LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2.
· When the same-PCI indicator is set to true
· The UE may assume that cell ID is identical for NB-IoT and LTE,  
· The UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS
· The UE may assume that the channel can be inferred from both NB-RS and LTE CRS
· LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1
· The UE may assume LTE CRS are available in the NB-IoT PRB in all subframes where NB-RS are available
· When the same-PCI indicator is set to false
· The UE shall make no assumption on the LTE CRS except for the RE locations for rate matching

2. Design Considerations for NB-IoT Reference Signals
It would be beneficial to enable the use of wideband CRS as additional pilots for channel estimation and tracking in in-band deployments. The presence of additional reference signals can increase the channel estimation accuracy, which is especially important in low SNR environments like the ones expected in NB-IoT in-band deployments. As the NB-CRS and wideband CRS might have different PSD, the power difference between these two can be explicitly signaled in some broadcast channel (e.g. SIB) or can be blindly estimated by the UE. The CRS information should be available as soon as possible (e.g. in MIB) to enable improved frequency tracking and channel estimation for system information. In our companion contribution [1], we propose a mechanism to signal the CRS sequence in MIB.
Proposal 1: Enable the possibility of using legacy CRS for channel estimation in in-band deployments by signaling the CRS information in MIB.
When reusing the legacy CRS, there has to be some predefined mapping between the CRS antenna ports and NB-CRS antenna ports. For example, for the case of two DL tx antennas, two new ports NB-0 and NB-1 can be fixed to be the same as CRS port 0 and port 1 (up to a scaling value). For in-band deployments with 4 CRS ports, however, this mapping can be more complicated for several reasons:
· NB-IoT uses a maximum of 2 DL tx antennas. Supporting 4 DL tx antennas would require increasing the number of NB-CRS tones. Also, this additional degree of diversity will only be beneficial in a limited number of cases (e.g. high SNR).
· Even when the NB-IoT system uses only 2 DL antenna ports, it would be beneficial for the eNB to use the 4 physical antennas for transmission. The eNB can typically transmit full power signal only if all existing ports participate in the data transmission. 
With the current agreements it is not possible to have an eNB operating with 4Tx antennas transmitting at maximum Tx power and enabling CRS channel estimation. The agreement in RAN#84 sets a one to one mapping between NB-RS and CRS ports, so effectively we cannot enable CRS channel estimation in a 4Tx antenna eNB unless we transmit only from antennas 0 and 1, which in turn decreases the total transmit power dedicated to NB-IoT.  
For these reasons, we propose to use antenna port virtualization for the case of having 4 DL tx antennas. For example, NB-CRS antenna port 0 can be transmitted over the CRS antenna ports 0 and 2, and NB-CRS port 1 over CRS AP 1 and 3 (see Figure 1 for an example). With this approach, the eNB can transmit with full power, and the NB-IoT UE can use all the CRS tones for channel estimation. Note that the precoders w in Figure 1 need to be known by the UE to perform this channel estimation. They can be fixed in the spec or signaled in a broadcast channel (e.g. SIB).
Proposal 2: For in-band deployment with 4 Tx antennas, the 4 CRS ports are virtualized to 2 NB-RS antenna ports.



Figure 1 Virtualization of NB-CRS ports over wideband CRS ports


3. Summary of proposals
Proposal 1: Enable the possibility of using legacy CRS for channel estimation in in-band deployments by signaling the CRS information in MIB.
[bookmark: _GoBack]Proposal 2: For in-band deployment with 4 Tx antennas, the 4 CRS ports are virtualized to 2 NB-RS antenna ports.
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