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1 Introduction

At the last RAN1 #84 meeting in Sliema, Malta, several agreements were reached regarding the role and definition of reference signals in NB-IoT.
	· For the two antenna ports of NB-RS, antenna ports 0 and 1 are mapped to the last two OFDM symbols of the slot.


[image: image1.wmf]LTE PDCCH

LTE CRS

NB

-

RS Port 

1

NB

-

RS Port 

0


· 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 

· 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.

· 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



In this contribution, we address remaining open issues in an attempt to finalize the NB-IoT design. 
2 Remaining details of NB-IoT reference signals design
2.1 Use of CRS for demodulation
By introducing a same-PCI indicator in the NB-MIB, a compromise was reached regarding the usage of CRS for demodulation of NB-IoT DL channels, viz., NB-PDCCH and NB-PDSCH. For deployments where usage of CRS would be restrictive, the network can set the same-PCI indicator to false thereby preventing the UE from assuming anything about the presence of LTE CRS except for rate matching. On the other hand, since LTE CRS is present for backward compatibility anyways, if the usage of LTE CRS for demodulation of NB-IoT DL channels is possible, a single bit in the NB-MIB can allow NB-IoT UEs to take benefit of an increased RS density with virtually no impact to the network—except for the one bit in the NB-MIB. In other words, the agreed compromise (working assumption) allows network vendors and operators the utmost flexibility as they can allow or prevent LTE CRS usage for NB-PDCCH/PDSCH demodulation by setting the same-PCI indicator to true and false, respectively. Yet, it offers UE vendors the necessary flexibility in deciding whether or not to take benefit of the additional CRS in case the same-PCI indicator is set to true according to their own implementation preferences. 
Observation 1: Allowing NB-IoT UEs to use LTE CRS for demodulation when the same-PCI indicator is set to true comes at virtually no cost except for one bit in the NB-MIB.

Observation 2: Specification of the same-PCI indicator offer equal implementation freedom to both network and UE vendors. Network vendors and operators can prevent usage of LTE CRS for demodulation by setting the same-PCI indicator to false, e.g., when otherwise network deployment options would be restricted. On the other hand, when the same-PCI indicator is set to true, it allows UE vendors to take benefit of the presence of additional RS—that is present anyway—according to their implementation preferences. 
We thus think that it is beneficial to allow the use of LTE CRS for demodulation of NB-IoT DL channels, viz., NB-PDCCH and NB-PDSCH and hence propose to confirm the working assumption.

Proposal 1: Confirm the working assumption that 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
For backward compatibility, LTE CRS EPRE cannot be changed within PRBs with NB-IoT transmissions. For accurate measurement reporting, e.g., RSRP and CSI, the LTE CRS has to adhere to Rel. 8 specifications, i.e., the UE can assume that the LTE CRS EPRE as signaled in the SIB2 is constant for all LTE PRBs within the transmission bandwidth. NB-RS, on the other hand, could be power boosted, e.g., NB-PDSCH REs and NB-RS REs could have identical EPRE. In that case, LTE CRS and NB-RS REs may have different transmit power. Since all information in the downlink is encoded by the phase of a symbol, such a power offset can in principle be overcome by implementation. However, to allow for more efficient combining of the NB-RS and LTE CRS at the NB-IoT channel estimator, it may be beneficial to signal said power offset to the NB-IoT UE. This could be done together with the other LTE CRS information required to use LTE CRS demodulation. 
Proposal 2: It is beneficial to signal to the NB-IoT UE the power offset between LTE CRS and NB-RS REs.

2.2 Presence of NB-RS in every DL subframe
It has been suggested that NB-RS only needs to be transmitted in subframes with actual NB-IoT downlink transmissions. Such a UE behavior would be similar to LTE DMRS based demodulation where DMRS is only present in those PRBs with associated PDSCH or EPDCCH transmissions. However, such UE behavior would contradict the very reason why NB-RS was specified to begin with. Since the LTE CRS sequence in a given PRB depends on the PRB index of said PRB, after NB-PSS/SSS detection, the NB-IoT UE cannot use LTE CRS for demodulation of the NB-PBCH since it lacks knowledge of the PRB index for the NB-IoT carrier in which the NB-PSS/SSS and NB-PBCH are transmitted. Originally, it was thus proposed to only use NB-RS for NB-PBCH demodulation whereas other DL channels could rely on LTE CRS at least in good coverage conditions. Furthermore, at least in some proposals, NB-RS dynamically augmented LTE CRS depending on the coverage condition of a given LTE UE, e.g., a UE in good coverage would receive the NB-PDSCH using LTE CRS only whereas a UE in extreme coverage conditions would receive the NB-PDSCH using both LTE CRS and NB-RS. None of these proposals were ultimately agreed though due to the significant performance gains that can be observed from cross-subframe channel estimation. If the UE was not allowed to assume the presence of NB-RS in all valid downlink subframes regardless of whether it expects an NB-PDCCH or NB-PDSCH transmission, its ability to perform cross-subframe channel estimation would be severely hampered and accordingly, the significant gains from performing cross-subframe channel estimation could not be materialized. Hence, a UE may assume presence of NB-RS in all valid downlink subframes.
Observation 3: A UE may assume presence of NB-RS in all valid downlink subframes.
It is correct that it would be easier to reuse NB-IoT PRBs without actual NB-IoT transmissions if NB-RS was selectively present in PRBs with NB-IoT transmissions. However, such an optimization is not warranted by the performance losses incurred from such a UE behavior and furthermore, we don’t see such a requirement has ever been imposed on NB-IoT operation. If at all, such optimizations can be considered in future releases if not left to network implementation. For example, eNB scheduling procedures could take into account the puncturing of legacy channels by NB-RS if it was indeed necessary to re-use NB-IoT carriers for LTE transmissions. However, either way we do not see a need for specification support to enable such deployments. 
Proposal 3: No specification support for dynamic re-use of unused NB-IoT PRBs.
3 Conclusion

In this contribution, we looked at the assumptions an NB-IoT UE should be allowed to make when using NB-RS and LTE CRS for demodulation. Based on our observations below we made the following proposals:
Observation 1: Allowing NB-IoT UEs to use LTE CRS for demodulation when the same-PCI indicator is set to true comes at virtually no cost except for one bit in the NB-MIB.

Observation 2: Specification of the same-PCI indicator offer equal implementation freedom to both network and UE vendors. Network vendors and operators can prevent usage of LTE CRS for demodulation by setting the same-PCI indicator to false, e.g., when otherwise network deployment options would be restricted. On the other hand, when the same-PCI indicator is set to true, it allows UE vendors to take benefit of the presence of additional RS—that is present anyway—according to their implementation preferences. 

Proposal 1: Confirm the working assumption that 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: It is beneficial to signal to the NB-IoT UE the power offset between LTE CRS and NB-RS REs.

Observation 3: A UE may assume presence of NB-RS in all valid downlink subframes.
Proposal 3: No specification support for dynamic re-use of unused NB-IoT PRBs.
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