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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#84, a number of agreements were made upon the reference signal design as following:
Agreement: 
· For the two antenna ports of NB-RS, antenna ports 0 and 1 are mapped to the last two OFDM symbols of the slot.


· NB-RS uses a cell-specific frequency shift derived as NB-IoT Cell ID mod 6
· For NB-RS sequence, LTE CRS sequence is reused for NB-RS
· Centre of LTE CRS sequence is used as NB-RS sequence for all PRBs 

Agreements:
· When the same-PCI indicator is set to true
· 
The UE may assume that cell ID is identical for NB-IoT and LTE, 
· The UE may assume that the number of antenna ports is the same for LTE CRS as for NB-RS
· The UE may assume that the channel can be inferred from both NB-RS and LTE CRS
· LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1
· The UE may assume LTE CRS are available in the NB-IoT PRB in all subframes where NB-RS are available
· When the same-PCI indicator is set to false
· The UE shall make no assumption on the LTE CRS except for the RE locations for rate matching.
· FFS
LTE CRS power offset to NB-RS is signaled to UE
Working assumption:
· LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2.
In this contribution, the remaining details of the reference signal design for NB-IoT are provided. 
Discussions
In in-band operation mode, the LTE CRS REs should be reserved from NB-IoT 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. In this sense, LTE CRS is not a must in in-band operation mode in terms of DL channel decoding. According to the evaluation results shown in the Annex A, using LTE CRS in addition to NB-RS for channel estimation provides negligible performance gain compared to the NB-RS alone case. 3dB power boosting is assumed in the evaluations for LTE CRS compared to LTE data transmission.
Observation: Using LTE CRS in addition to NB-RS for channel estimation brings negligible performance gain compared to the NB-RS alone case.
However the standardization should provide the flexibility to UE implementation for the use of LTE CRS although the performance requirements defined by RAN4 should not rely on it. On the other hand, the extra signaling overhead to support the use of LTE CRS would be limited since the resource mapping information of the LTE CRS needs be anyhow indicated to realize the rate matching around the LTE CRS REs. LTE CRS may also benefit measurement accuracy when available. 
Proposal 1: Confirm the working assumption, i.e., LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2.
Proposal 2: RAN1 assumes that RAN4 will not define performance requirements based on use of LTE CRS jointly with NB-RS.
If both LTE CRS and NB-RS are assumed for demodulation, the estimated channel impulse responses from LTE CRS and NB-RS could be weighted and filtered then used for the subsequent equalization given the power offset information between NB-RS and LTE CRS. Identical transmit power would be assumed for the combined use of LTE CRS and NB-RS for the channel estimation if no power offset information is available. From the performance comparison shown in Annex B, it can be observed that no obvious gain is achieved from the knowledge of power offset. The simulation assumptions are the same as Annex A except the transmit power of LTE CRS is changed from 32dBm to 29dBm to give a relatively pessimistic evaluation. 
Proposal 3: LTE CRS power offset to NB-RS is not signaled to UEs.
It is still unclear how the UE assumes to use the LTE CRS when there are four antenna ports for LTE CRS and the same-PCI indicator is set to true. As aforementioned, the use of LTE CRS in addition to NB-RS has negligible performance gain compared to NB-RS alone, so assuming LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1 even when four antenna ports exist for LTE CRS could be simplest for specification. The LTE CRS port 2 and port 3 could be left unused by the NB-IoT UEs in the implementation. The power decrease due to the unused antenna ports could be reflected by the signaling of the LTE CRS power offset to NB-RS.
Proposal 4: The UE may assume LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1 when there are four antenna ports for LTE CRS and the same-PCI indicator is set to true.
As NB-PSS/NB-SSS occupy the last 11 OFDM symbols within the subframes transmitting NB-PSS/NB-SSS for normal CP, NB-RS should not be mapped to these subframes given the agreed NB-RS pattern. To ensure the demodulation and/or measurement performance, it is quite desirable to transmit NB-RS in all valid subframes except the NB-PSS/NB-SSS subframes regardless of whether there is downlink transmission in these valid subframes. 
[bookmark: OLE_LINK4]Proposal 5: NB-RS is mapped onto all valid subframes for NB-IoT except the subframes transmitting NB-PSS/NB-SSS.
[bookmark: _Ref129681832]Conclusions
In this contribution, the remaining open issues are discussed and the following observation and proposals are made.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation: Using LTE CRS in addition to NB-RS for channel estimation brings negligible performance gain compared to the NB-RS alone case.
Proposal 1: Confirm the working assumption, i.e., LTE CRS is not precluded for an NB-IoT UE to use for DL demodulation and/or measurements for the cases when the number of antenna ports for LTE CRS and NB-RS is the same and takes a value of either 1 or 2.
Proposal 2: RAN1 assumes that RAN4 will not define performance requirements based on use of LTE CRS jointly with NB-RS.
Proposal 3: LTE CRS power offset to NB-RS is not signaled to UEs.
Proposal 4: The UE may assume LTE CRS port 0 is associated with NB-RS port 0 and LTE CRS port 1 is associated with NB-RS port 1 when there are four antenna ports for LTE CRS and the same-PCI indicator is set to true.
Proposal 5: NB-RS is mapped onto all valid subframes for NB-IoT except the subframes transmitting NB-PSS/NB-SSS.

Annex A Comparison between channel estimation based on NB-RS only and NB-RS+CRS

Table 1 Simulation assumptions
	Parameter
	Value

	Frequency band
	900 MHz

	Channel model
	TU

	Doppler spread
	1 Hz

	Interference/noise
	Sensitivity

	Antenna configuration
	eNB: 2T1R
UE: 1T1R

	Cyclic prefix
	Normal

	Timing uncertainty
	Random chosen between [-2.6, 2.6]us.

	CFO
	Random chosen between [-50, 50]us.

	LTE PDCCH/PCFICH/PHICH
	3 OFDM symbols

	LTE CRS ports number
	2

	Reference signals
	The power of LTE CRS: 32dBm 
The power of NB-RS: 35dBm

	Channel estimation
	Weighted filtering according to transmit power for LTE CRS+NB-RS case.

	TBS(bit)
	80 and 680


[bookmark: _Ref439966182]
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Figure 1. BLER performance for using different reference signal (TBS = 80bits, LTE CRS Tx power=32dBm)
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Figure 2. BLER performance for using different reference signal (TBS = 680bits, LTE CRS Tx power=32dBm)

Annex B Comparison between NB-RS+CRS based channel estimation with and without power offset information
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Figure 3. BLER performance for different channel estimation algorithms based on NB-RS and LTE CRS (TBS = 80bits, LTE CRS Tx power =29dBm)
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Figure 4. BLER performance for different channel estimation algorithms based on  NB-RS and LTE CRS (TBS = 680bits LTE CRS Tx power =29dBm)
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