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Discussion/Decision
1
Introduction
In RAN1 NB-IoT Ad-hoc meeting, the followings have been agreed for NB-RS [1]:
Agreements:
· A NB-RS is used at least for NB-PBCH and that is common among all operation modes

· At least NB-RS is always present and always used for single antenna port and 2 antenna ports transmission schemes

· FFS: Additional utilization of LTE CRS in in-band operation mode

· For NB-PDCCH/NB-PDSCH,

· In-band operation

· NB-RS is present without condition

· Stand-alone and guard-band operations

· Only NB-RS is used

· There are two NB-IoT downlink transmission schemes defined in all operation modes:

· Single antenna port (port 0)

· Two antenna ports (ports 0 and 1), using transmit diversity, i.e. SFBC

· No NB-IoT transmission mode is defined using any other transmission scheme

· If the number of NB-PBCH antenna port is 1, single-antenna port, otherwise transmit diversity, i.e. SFBC

In this contribution, we discuss on the further design details of NB-RS.
2
Considerations on NB-RS design
It has been agreed that the NB-RS is used for demodulation of NB-PDCCH and NB-PDSCH irrespective of the operation modes, transmission scheme, and/or availability of legacy reference signals in the subframe. Also, a single transmission scheme is used for all downlink physical channels per number of NB-RS ports. For example, a single antenna port scheme with port-0 (i.e. NB-RS port-0) and SFBC with two antenna ports with port-0/1 (i.e. NB-RS port-0/1) are used for all downlink channels such as NB-PBCH, NB-PDCCH, and NB-PDSCH.

Since the NB-PBCH may not use CRS ports for demodulation, the CRS ports cannot be defined as NB-RS ports, which implies that new reference signals which may not be overlapped with CRS ports should be defined as NB-RS ports.

Proposal-1: NB-RS ports are introduced in non-overlapped REs with CRS ports
The additional use of legacy CRS on top of the NB-RS for NB-PDCCH and NB-PDSCH demodulation if available has been proposed for better channel estimation accuracy as it can densify the reference signal. However, it may result in a couple of issues including:

· Higher specification efforts: mapping rule (e.g. antenna virtualization scheme) between CRS ports and NB-RS ports should be defined in the specification to allow a full power transmission when the number of CRS ports is larger than that of NB-RS ports. Considering that a single fixed antenna virtualization scheme may result in a significant performance degradation due to non-uniform control channel coverage as well as unfavorable beam direction, multiple virtualization schemes should be specified (as similar to precoding codebook) and configured according to the channel environment, thus requiring a significant specification effort.
· Limited antenna virtualization flexibility: antenna port virtualization (e.g. beamforming) flexibility will be limited since a finite set of antenna virtualization schemes should be specified as similar to the codebook based precoding schemes which have been used for CRS based closed-loop MIMO transmission modes. It has been identified that the beamforming flexibility is limited a lot with the CRS based precoding scheme. Therefore, RAN1 has introduced UE dedicated reference signal based transmission schemes since Rel-9.
· Limited antenna deployment scenarios: the same set of physical antennas for both CRS ports and NB-RS ports should be used which will preclude a lot of deployment scenarios including the heterogeneous network in which NB-IoT UEs are supported in a small cell and the other regular LTE UEs are supported in a macro cell. Also, a different physical antennas in a same eNB may not be used for NB-RS ports and CRS ports.

· Increased UE implementation complexity: since the reference signal to use for NB-PDCCH and NB-PDSCH demodulation may be different according to the operation mode, antenna virtualization scheme used, and CRS ports availability, it is obvious that the UE receiver implementation complexity will be increased.
The performance gain from the increased reference signal density by using CRS ports may provide gain only in low SNR region, while there are shortcomings mentioned above which may not be justified by the gain provided in a limited situation. Therefore, the NB-RS ports should not be tied with legacy CRS ports. 

Proposal-2: NB-RS ports should not be tied with legacy CRS ports
The v-shift has been used for CRS ports as a function of physical cell-ID which determines the frequency shift of the CRS ports to reduce the inter-cell interference from neighbor cell CRS. The same can be used for NB-RS ports to enjoy the same benefit.
Proposal-3: v-shift based on PCID is used for NB-RS ports as similar to the legacy CRS
3
Conclusion
In this contribution, we discussed on further details on NB-RS design. From the discussions, we propose followings: 
Proposal-1: NB-RS ports are introduced in non-overlapped REs with CRS ports
Proposal-2: NB-RS ports should not be tied with legacy CRS ports
Proposal-3: v-shift based on PCID is used for NB-RS ports as similar to the legacy CRS
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