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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#83 meeting, the following agreements and working assumption for NB-IoT have been reached:
Agreements:
· Confirm working assumption on supporting 504 PCIDs
· PCID is indicated by NB-SSS 
· FFS whether some bits of the NB-IoT frame number are derived from NB-SSS
· FFS how many bits of NB-IoT frame number are indicated
· FFS relationship (if any) between NB-IoT frame number and SFN of LTE in guard-band and in-band cases
· The following resource mapping rules are complied with:
· The first 3 LTE OFDM symbols are not used by NB-PSS/NB-SSS
· FFS for special subframe in TDD
· NB-PSS/NB-SSS are punctured by LTE CRS (if a collision exists)
· FFS for CRS ports 2,3 in FS2
· NB-PSS/SSS occupy fixed number of OFDM symbols in each synchronization subframe 
· Normal CP: NB-PSS and NB-SSS span 11 or 9 (one value to be selected) OFDM symbols and X OFDM symbols respectively in each subframe transmitting the synchronization signal
· One value of X to be selected in the range 6 to 11, at least for FDD
· Extended CP if supported: NB-PSS and NB-SSS span 9 OFDM symbols and Y OFDM symbols in each subframe transmitting synchronization signal 
· One value of Y to be selected in the range 6 to 9, at least for FDD
· NB-IoT supports a physical downlink control channel, NB-PDCCH
· NB-IoT supports a physical downlink shared channel, NB-PDSCH
Working Assumption:
· NB-IoT supports operation with more than one DL tx antenna port
· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC
· Can be revisited at Jan Adhoc if UE complexity issues are identified

In this contribution, we first analyze the problems that will arise if the current reference signals such as CRS or UE-specific RS is utilized by the NB-IoT UE for channel estimation and RRM measurement and then we propose a two-stage reference signal design scheme. 
Discussion
The RF and baseband bandwidth is reduced from 1.4MHz (i.e., 6 LTE PRBs) of eMTC to 180 KHz (i.e., 1 LTE PRB) for NB-IoT in order to further reduce the cost of MTC UEs and to re-farm the GSM carriers by NB-IoT. For the downlink, such bandwidth reduction on one hand requires to design new physical channels such as NB-PSS/NB-SSS, NB-PBCH and potentially NB-PDSCH and NB-PDCCH. On the other hand, if the current reference signals such as CRS or UE-specific RS was utilized, the performance of channel estimation and RRM measurements would seriously decrease since only the reference signals within 1 PRB are available for the NB-IoT UE. 
For NB-IoT UEs operating in enhanced coverage, the channel estimation performance will decrease since channel estimation cannot span multiple PRBs in frequency domain even in case of CRS like in the eMTC system. In addition, PRB bundling for channel estimation could have been utilized in eMTC for M-PDSCH decoding even for DMRS based TMs. If the current common reference signals are utilized in NB-IoT, much higher repetition level is needed for these physical channels, which will decrease the system efficiency. Therefore, enhanced reference signals for channel estimation are necessary for NB-IoT UEs in enhanced coverage.
More specifically, for RSRP measurement, as investigated in eMTC [2], using CRS with a bandwidth of 6 PRBs and tens of subframes averaging, the existing RSRP measurement accuracy requirements defined for UE category 0 cannot be met for very low SINR level. For NB-IoT UEs, since only reference signals within 1 PRB can be utilized for RRM measurement, it is foreseeable that the RRM measurement performance will deteriorate seriously. However, reliable RRM measurement performance is essential for NB-IoT UE not only for the purpose of handover, cell selection and cell re-selection but also for the correct selection of PRACH repetition level, which can also be a rough indication of CSI of the UE. Such RSRP based PRACH level selection scheme specified for eMTC would also be promising for efficient NB-IoT design since 20 dB coverage enhancement relative to GPRS should be supported. Therefore, enhanced reference signals for RRM measurement are necessary for NB-IoT.
Based on the above discussion, it can be seen that enhancing reference signal is necessary for the purpose of RRM measurement and channel decoding. Therefore, we propose that enhanced reference signals are introduced for NB-IoT. 
Proposal 1: Enhanced reference signals are introduced for NB-IoT.

Design targets of enhanced reference signals for NB-IoT
First of all, as discussed above, enhanced 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.   
Second, it has been agreed as a working assumption in RAN1#83 meeting that NB-IoT supports operation with more than one DL tx antenna port and for operation with 2 DL tx antenna ports, NB-IoT uses SFBC. Therefore, if the working assumptions are confirmed, more than one antenna port shall be supported for enhanced reference signals. 
Finally, the overhead of enhanced reference signals should be acceptable. On one hand, more resources should be occupied by enhanced reference signals in order to provide sufficient performance, on the other hand, the overhead of enhanced reference signals should not be too high considering the system efficiency.
Therefore, we have the following observation:
Observation 1: The design targets of enhanced reference signals for NB-IoT include：
· improved channel estimation performance
· sufficient RRM measurement performance
· supporting more than 1 antenna ports 
· acceptable overhead

Two-stage RS for NB-IoT
In order to fulfill the above targets identified for enhanced reference signals, two-stage RS for NB-IoT is proposed. Two-stages of RS include normal RS and enhanced reference signal. The normal RS can be legacy CRS or possibly UE-specific RS, if such TMs are introduced to NB-IoT. Normal RS appears in each subframe and it can be used by NB-IoT UEs in normal coverage, e.g., for channel decoding. Enhanced reference signals occupy much more REs than normal RS and are transmitted periodically with a relatively large period such as 20ms. Figure 1 illustrates an example of two-stage reference signal design. As shown in figure 1, two antenna ports can be defined for enhanced reference signals and all the REs except those located in the LTE PDCCH region and occupied by CRS are used for enhanced reference signal.    
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 enhanced reference signals can be utilized by the UE to improve the channel estimation in conjunction with the current RS, e.g. CRS or UE-specific RS. In order to do that, a linkage should be introduced between the transmitting antenna ports of enhanced reference signals and the antenna ports of the normal RS ports. For example, if NB-IoT supports two antenna ports, port 0 of the enhanced reference signal is transmitted on the same antenna port as port 0 of CRS while port 1 of the enhanced reference signal is transmitted on the same antenna port as port 1 of CRS.
Proposal 2: Two-stage RS is supported in NB-IoT.
Proposal 3: A linkage is introduced between the transmitting antenna ports of enhanced reference signal and the antenna ports of the normal RS.
Furthermore, the ratio of the EPRE of enhanced reference signals to that of the normal RS shall be known to the UE for the purpose of channel estimation. For example, the ratio can be a predefined value, e.g. 1. 
Proposal 4:  The ratio of the EPRE of enhanced reference signals to that of the normal RS shall be known to the UE.
Enhanced reference signal can also be used by UEs both in normal coverage and enhanced coverage for RRM measurement to acquire better RRM measurement performance and reduced measurement time.



Figure 1: an example of two-stage RS design
Usage of NB-SSS as enhanced reference signals in two-stage RS
For two-stage RS, enhanced reference signals can be specifically designed, e.g., by using a Gold sequence or Zadoff-Chu sequence and transmitted on a dedicated resource as shown in figure 1. Alternatively, 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 as enhanced reference signals. 
However, it has been agreed that NB-IoT supports operation with more than one DL tx antenna port and for operation with 2 DL tx antenna ports, NB-IoT uses SFBC, which means that NB-SSS could be transmitted using more than one antenna port. A TDM like pattern for the linkage between the transmitting antenna ports of NB-SSS and the normal RS ports can be defined as illustrated in figure 2. For example, in a period of 80ms, there are 8 NB-SSS each located in the subframe 9 in each radio frame. CRS with ports 0/1 are the normal RS, the NB-SSS in odd radio frame 1, 3, 5, 7 can be linked to CRS port 0 and the NB-SSS in even radio frame 2, 4, 6, 8 can be linked to CRS port 1.

Proposal 5:  NB-SSS is used as enhanced reference signal.
Proposal 6:  TDM transmission pattern is introduced for the linkage between the transmitting antenna ports of NB-SSS and the normal RS in the case of multiple Tx antennas.
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Figure 2 TDM pattern for the transmitting antenna ports of NB-SSS
Conclusions
In this contribution, we first analyzed the problems that will arise if the current reference signals such as CRS or UE-specific RS is utilized by the NB-IoT UE for channel estimation and RRM measurements and then proposed a two-stage RS design scheme. Based on the discussion, we have the following proposals and observations:
Proposal 1: Enhanced reference signals shall be introduced for NB-IoT.
Observation 1: The design targets of enhanced reference signals for NB-IoT include：
· Improved channel estimation performance
· Sufficient RRM measurement performance
· Supporting more than 1 antenna ports 
· Acceptable overhead
Proposal 2: Two-stage RS is supported in NB-IoT.
Proposal 3: Linkage is introduced between the transmitting antenna ports of enhanced reference signals and the antenna ports of the normal RS.
Proposal 4:  The ratio of the EPRE of enhanced reference signals to that of the normal RS shall be known to the UE.
Proposal 5:  NB-SSS is used as enhanced reference signal.
Proposal 6:  TDM transmission pattern is introduced for the linkage between the transmitting antenna ports of NB-SSS and the normal RS in the case of multiple Tx antennas.
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