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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#69, NB-IoT has been approved as a work item with the following agreements [1]: 
· NB-IoT should support three different modes of operation, including:
1. ‘Stand-alone operation’— utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers;
2. ‘Guard-band operation’ − utilizing the unused resource blocks within a LTE carrier’s guard-band 
3. ‘In-band operation’—  utilizing resource blocks within a normal LTE carrier;
· 180 KHz UE RF/BB bandwidth for both downlink and uplink transmissions;
· OFDMA on the downlink;
· A single NB-SYNC design compatible with three operational modes, including techniques to handle overlap with physical channels/signals of legacy LTE for in-band deployment.
In RAN1 NB-IoT ad hoc meeting, the following agreements have been reached:
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
1. NB-RS is present without condition
. Stand-alone and guard-band operations
2. Only NB-RS is used

Agreements:
· 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
· NB-MIB includes at least
. SFN
5. FFS: Detailed information
. FFS on LTE CRS information
. FFS on NB-RS information
. Operation mode
8. FFS: Details at least including explicit or implicit signaling

In this contribution we continue the discussion in [2] further and first discuss the design targets of reference signals for NB-IoT and then propose reference signal designs for NB-PBCH and NB-PDCCH/PDSCH.

Discussion

Design targets of enhancing reference signals for NB-IoT
NB-IoT reference signals should provide sufficient performance of improved channel estimation and RRM measurements. For example, RRM measurement performance similar to that of eMTC should be the target for enhanced reference signals. Meanwhile, it is necessary for the NB-IoT UE to complete the RRM measurement as soon as possible to save power.   
It has been agreed in RAN1 NB-IoT ad hoc meeting that NB-IoT supports two NB-IoT downlink transmission schemes, i.e., single antenna ports and two antenna ports (ports 0 and 1). Therefore, two antenna port should be supported by reference signals. 
The overhead of reference signals should remain acceptable. On one hand, more resources should be occupied by reference signals in order to provide sufficient performance, on the other hand, the overhead should not be too high considering the system efficiency.
For UEs in enhanced coverage, generally the UE will be static or with very low mobility, therefore the coherence time of channel will be long, e.g., tens or hundreds of milliseconds. Hence reference signal design can be optimized for low mobility.
Additional reference signals can be utilized by the UE to improve the channel estimation in conjunction with the current CRS.
Therefore, we have the following observation:
Observation 1: The design targets of enhancing reference signals for NB-IoT include：
· improved channel estimation performance
· sufficient RRM measurement performance
· supporting 2 antenna ports 
· acceptable overhead
· optimized for low mobility

Reference signal design for NB-PBCH
The agreement reached in NB-IoT ad hoc states that new NB-RS is used at least for NB-PBCH and it is common to all operation modes. New RS is needed for NB-PBCH in in-band operation mode since in the stage where NB-PBCH is received the CRS scrambling is not known. On the other hand legacy CRS probably does not exist in other operation modes. It is not, however, clear if NB-RS could be different in in-band and other working modes to allow more reference signal in modes other than in-band. In such case NB-RS could consist of two parts, one for NB-PBCH reception and another one providing better performance for NB-PDCCH/PDSCH reception. However, operation mode is not known when NB-PBCH is received since it has been agreed that the operation mode is signaled in NB-MIB. Hence it is difficult to utilize any other RS (e.g., CRS) for NB-PBCH reception than the already agreed NB-RS, which is common for all operation modes.
The design of NB-PSS and NB-SSS for NB-IoT are being discussed and it has been agreed that PCID is indicated by NB-SSS. Furthermore, it has been approved that NB-SSS will span 6 to 11 OFDM symbols for normal CP and 6 to 9 OFDM symbols for extended CP at least for FDD, which means there are at least 72 REs for NB-SSS, which is far more than the 8 REs of CRS port 0. Therefore, NB-SSS can be considered to be used to enhance channel estimation for NB-PBCH. In order to do that the UE would need to know the mapping of antenna ports and EPRE of NB-SSS. For NB-PBCH reception it is difficult to signal these parameters so they need to be specified.
However, it has been agreed that NB-IoT supports operation with single or two DL tx antenna ports, which means that NB-SSS could be transmitted using 2 antenna ports when two ports are utilized for NB-RS. A TDM like pattern for the linkage between the transmitting antenna ports of NB-SSS and the NB-RS ports can be defined as illustrated in figure 1. For example, in a period of 80ms, there are 8 NB-SSS each located in the subframe 9 in each radio frame. NB-RS is transmitted with ports 0/1 and the NB-SSS in odd radio frame 1, 3, 5, 7 can be linked to NB-RS port 0 and the NB-SSS in even radio frame 2, 4, 6, 8 can be linked to NB-RS port 1.
[bookmark: _Ref442101941]Proposal 1: NB-SSS can be used by the UE to enhance channel estimation for NB-PBCH.
[bookmark: _Ref442101943]Proposal 2: Ratio of EPRE between NB-RS and NB-SSS is specified
[bookmark: _Ref442101944]Proposal 3: Mapping between antenna ports of NB-RS and NB-SSS are specified
[bookmark: _Ref442101946]Proposal 4: TDM transmission pattern is introduced for the linkage between the transmitting antenna ports of NB-SSS and NB-RS in the case of multiple Tx antennas.
[image: cid:image001.png@01D1494C.3D5A3840]
Figure 1 TDM pattern for the transmitting antenna ports of NB-SSS
Simulation results of reference signal design for NB-PBCH are shown in [3].

Reference signal design for NB-PDCCH/PDSCH
It has been agreed for in-band operation that NB-RS is always present. Due to the much less PSD headroom for in-band mode than that of standalone mode, it is essential that CRS can be utilized together with NB-RS to improve channel estimation for NB-PDCCH/PDSCH reception. In order to be able to do so the PRB index of narrowband should be known by the UE to be able to initialize scrambling for CRS. Hence we have a proposal: 
[bookmark: _Ref442178017]Proposal 5: PRB index of narrowband is signaled to UE
In order to be able to improve the channel estimation by utilizing both CRS and NB-RS, a linkage should be introduced between the transmitting antenna ports of CRS and the antenna ports of the NB-RS. For example, if NB-IoT supports two antenna ports, port 0 of the NB-RS can be transmitted on the same antenna port as port 0 of CRS while port 1 of the NB-RS can be transmitted on the same antenna port as port 1 of CRS.
[bookmark: _Ref442178019]Proposal 6: Mapping between antenna ports of CRS and NB-RS are specified
Furthermore, the ratio of the EPRE between CRS and NB-RS should be known to the UE for the purpose of channel estimation. The ratio can be signaled or the ratio can be a predefined value, e.g. 1. 
[bookmark: _Ref442178020]Proposal 7: Ratio of EPRE between CRS and NB-RS is signaled to UE
Usage of NB-SSS also for NB-PDCCH/PDSCH to improve channel estimation could be useful e.g. in extreme coverage enhancement conditions where mobility in limited. However SSS can be utilized also for NB-PDCCH/PDSCH if signalling has been provided for NB-PBCH purposes.
Observation 2: NB-SSS can be used to improve also NB-PDCCH/PDSCH channel estimation performance.
Simulation results of reference signal design for NB-PDCCH/PDSCH are shown in [4].


Conclusions
In this contribution we first discussed the design targets of reference signals for NB-IoT and then proposed reference signal designs for NB-PBCH and NB-PDCCH/PDSCH.
Based on the discussion, we have the following observation and proposals:
Observation 1: The design targets of enhancing reference signals for NB-IoT include：
· improved channel estimation performance
· sufficient RRM measurement performance
· supporting 2 antenna ports 
· acceptable overhead
· optimized for low mobility
Proposal 1: NB-SSS can be used by the UE to enhance channel estimation for NB-PBCH.
Proposal 2: Ratio of EPRE between NB-RS and NB-SSS is specified
Proposal 3: Mapping between antenna ports of NB-RS and NB-SSS are specified
Proposal 4: TDM transmission pattern is introduced for the linkage between the transmitting antenna ports of NB-SSS and NB-RS in the case of multiple Tx antennas.
Proposal 5: PRB index of narrowband is signaled to UE
Proposal 6: Mapping between antenna ports of CRS and NB-RS are specified
Proposal 7: Ratio of EPRE between CRS and NB-RS is signaled to UE
Observation 2: NB-SSS can be used to improve also NB-PDCCH/PDSCH channel estimation performance.
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