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1. Introduction
During the last NB-IoT Ad-hoc meeting, it was agreed that a new NB-RS would be introduced for all operation modes. The details are shown as follows [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 still some remaining issues to be resolved such as handling of the LTE CRS in in-band operation and the detailed design for the NB-RS. In this contribution, we discuss these two aspects and share our views. 

2. Discussion

2.1. Handling of the LTE CRS in in-band operation
The main motivation to utilize LTE CRS in addition to NB-RS in in-band operation is to improve the channel estimation accuracy especially in poor coverage situation. However, supporting the additional reference signal would increase the hardware complexity from device perspective [2]. For example, UEs need to implement more than one channel estimation and demodulation algorithms or processes. From network perspective, if the presence of the CRS is always assumed by NB-IoT devices, the CRS transmission can’t be stopped even if there is no LTE UE and there are only NB-IoT UEs in the future system. This situation does not benefit the forward compatibility. Hence, the NB-IoT UE shouldn’t assume the presence of the CRS always and can use it as a complementary tool only when it is available. Hence, if the CRS is to be supported, a feasible way is to signal the CRS presence via MIB or SIB in in-band operation. We note that, in addition, since the NB-IoT devices need to know the location of the RB in the wideband LTE channel to obtain the detailed CRS configuration, which would require additional explicit signaling. 
Proposal 1: The LTE CRS should not be always assumed by NB-IoT UEs. If the support of LTE CRS is motivated, the utilization of CRS should be indicated by the MIB or SIB
The CRS configuration within one LTE PRB is related to the PRB index and CRS antenna port. If NB-IoT devices don’t support or utilize the LTE CRS, there is no need for them to obtain the information of PRB index. On the other hand, since information on the CRS antenna port would affect the rate matching and resource mapping for the NB-IoT devices, how to handle this information needs further discussion. 
Generally, there are two options to handle the CRS antenna port information.
· Option 1: CRS antenna port configuration is indicated by e.g., MIB, and the LTE CRS are rate-matched by NB-IoT data
· Option 2: CRS antenna port configuration is not indicated. The NB-IoT data is punctured by LTE CRS
Option 1 may provide better performance than Option 2. On the other hand, Option 2 enables common way for all operation modes and requires no additional signaling in MIB. From our perspective, Option 2 would be desirable if the performance degradation due to puncture is marginal. 
2.2. Consideration on the NB-RS design

In the current LTE system, data/control information demodulation and measurement are based on the LTE CRS. In NB-IoT case, it is clear now NB-RS will be used for the data/control information demodulation. Meanwhile, whether to utilize NB-RS for the measurement purpose is not fully discussed. In our opinion, considering the support of commonality among all operation modes, the measurement should be performed based on the NB-RS as well even if LTE CRS is supported by NB-IoT in in-band operation. During the discussion at the last meeting, it was also pointed out that the CRS is not appropriate for the measurement purpose since the whole NB-IoT carrier or PRB would be power-boosted except for the CRS.
Proposal 2: Measurement should be performed based on the NB-RS

Since NB-RS could support single antenna port and two antenna ports transmission schemes, it is better to let the UE know the exact NB-RS antenna port configuration as early as possible. In the current LTE system, the information on CRS antenna port configuration is delivered by masking different sequences on the CRC sequence of MIB. Similar approach can be applied to the NB-RS antenna port indication. For example, two different masking sequences are defined for NB-RS based single port and two ports transmission respectively. Then one sequence is selected for CRC masking based on the NB-RS antenna port configuration in the cell. 

For In-band operation, considering the first 3 OFDM symbols will be utilized for the transmission of single-layer control information, it is better to always avoid this region for NB-RS mapping. For the stand-alone and guard band operations, as they support common processing before operation mode indication, NB-RS shouldn’t be mapped to the first 3 OFDM symbols during the NB-PBCH transmission occasions at least. For the other physical channels, mapping NB-RS within the first 3 OFDM symbols is possible. Based on this situation, the following two options are possible
· Option 1: Don’t map NB-RS within the first 3 OFDM symbols during the NB-PBCH transmission occasions. For the other case, NB-RS could be mapped within the first 3 OFDM symbols

· Option 2: Don’t map NB-RS within the first 3 OFDM symbols at any time. 
Option 1 may provide better channel estimation performance for the first 3 OFDM symbols but additional gains will be not so significant especially when very high traffic is not targeted. The benefit of option 2 is to provide common design for all cases and avoid additional standardization effort. Considering the limited time for Rel-13 NB-IoT, we prefer not to map NB-RS within the first 3 OFDM symbols at any time. 

Proposal 3: Consider the following points when design the NB-RS
· Indicate the NB-RS port information implicitly by CRC masking
· Do not map NB-RS in the first 3 OFDM symbols
3. Conclusion
In this contribution, we discussed some remaining issues regarding the RS for NB-IoT including handling of the LTE CRS in in-band operation mode and consideration of NB-RS design. Based on the discussion, our views are summarized as follows.

Proposal 1: The LTE CRS should not be always assumed by NB-IoT UEs. If the support of LTE CRS is motivated, the utilization of CRS should be indicated by the MIB or SIB

Proposal 2: Measurement should be performed based on the NB-RS
Proposal 3: Consider the following points when design the NB-RS
· Indicate the NB-RS port information implicitly by CRC masking

· Do not map NB-RS in the first 3 OFDM symbols
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