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At RAN1 NB-IoT Ad hoc, a number of agreements were made upon the reference signal design as following:
Agreement: A NB-RS is used at least for NB-PBCH and that is common among all operation modes 

Agreements:
· 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
In this contribution, further reference signal designs for NB-IoT are provided. 
General principles
Three operation modes are supported by NB-IoT: standalone, guard-band and in-band. In in-band operation mode, the LTE CRS REs should be reserved to avoid pollution to the LTE channel estimation and measurement. However, NB-PBCH decoding shall not rely on LTE CRS due to the lack of knowledge of the legacy PRB index information. This means that the new reference signal (i.e. NB-RS) alone should be able to provide sufficient channel estimation performance for NB-PBCH decoding. , the NB-PDCCH and NB-PDSCH decoding performance can be ensured also based on NB-RS only if NB-RS is present in all subframes. In this sense, LTE CRS is not a must in in-band operation mode in terms of DL channel decoding.
Proposal 1: The utilization of LTE CRS in in-band operation mode is up to implementation if no other functionality (e.g. measurement) than decoding is identified for LTE CRS.
In order to reduce the UE channel estimation complexity and to save standardization effort, the same resource mapping of the NB-RS should be applied to all the three operation modes.
Proposal 2: A common NB-RS resource pattern is used in NB-PDCCH, NB-PDSCH, and NB-PBCH in all operation modes.
Resource mapping
At the NB-IoT adhoc meeting, it was agreed that two antenna ports based SFBC is used when no less than two antenna are equipped by the base station. The NB-RS resource pattern should facilitate the RE pairing in frequency domain and cause no orphan REs. The diamond pattern and equidistant arrangement which are adopted by LTE CRS are maintained to achieve the optimal channel estimation performance. 
A proposal for the NB-IoT new reference signal (NB-RS) resource mapping is shown in Figure 1. Both antenna ports for NB-RS are shown in this example. The same frequency shifts as LTE CRS could be applied also to mitigate inter cell interference.



[bookmark: _Ref433893225]Figure 1. NB-RS resource pattern
Proposal 3: The resource pattern shown in Figure 1 is used for NB-RS. Frequency shift according to PCID is supported by NB-RS.
Sequence generation
Regardless of the cell bandwidth, the LTE CRS sequence is defined assuming the maximum possible LTE cell bandwidth in the frequency domain. In case of a narrower cell bandwidth, only the reference symbols within the actual bandwidth are then transmitted to allow for the terminal to estimate the channel for the PBCH without knowing the actual cell bandwidth. As a result, the LTE CRS sequence varies with the PRB index. 
The variable sequence generator according to PRB index cannot be applied to NB-IoT reference signals. The UEs cannot get the NB-IoT PRB index prior to NB-PBCH decoding in in-band operation mode and have no concept of legacy PRB in mind at all in standalone/guard-band operation modes. Using the same fixed sequence generator to all NB-IoT reference signal types would simplify the design and reduce the UE complexity. Using the LTE CRS sequence corresponding to the center 12 subcarriers could be considered for less standardization effort.
The per-symbol initialization rule of LTE CRS could be reused for the sequence generator. 
Proposal 4: The same fixed sequence generator is applied to the NB-RS in the three operation modes.
· Use the LTE CRS sequence corresponding to the center 12 subcarriers.
· Use the LTE CRS per-symbol initialization rule for the sequence generator.

[bookmark: _Ref129681832]Conclusions
In this contribution, the downlink reference signal design for the NB-IoT system is further discussed and the following proposals are made.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The utilization of LTE CRS in in-band operation mode is up to implementation if no other functionality (e.g. measurement) than decoding is identified for LTE CRS.
Proposal 2: A common NB-RS resource pattern is used in NB-PDCCH, NB-PDSCH, and NB-PBCH in all operation modes.
Proposal 3: The resource pattern shown in Figure 1 is used for NB-RS. Frequency shift according to PCID is supported by NB-RS.
Proposal 4: The same fixed sequence generator is applied to the NB-RS in the three operation modes.
· Use the LTE CRS sequence corresponding to the center 12 subcarriers.
· Use the LTE CRS per-symbol initialization rule for the sequence generator.
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