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Discussion/Decision
1
Introduction
In RAN1 #84, the followings have been agreed for NB-RS [1]:
Agreements:
· 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 

· When the same-PCI indicator is set to true

· The UE may assume that cell ID is identical for NB-IoT and LTE, 
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· 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

In this contribution, we discuss on the remaining issues on reference signal for NB-IoT.
2
Discussion
The introduction of a new reference signal for NB-IoT (i.e., NB-RS) has been agreed and the NB-RS will be presented always for NB-IoT downlink transmission. The NB-RS is located in the OFDM symbols not containing legacy CRS in a subframe and v-shift is used as similar to CRS to allow a simple time averaging channel estimator when the same-PCI indicator is set to true. Since CSI-RS can be configured in the OFDM symbols used for NB-RS, there is a possibility of collision between NB-RS and some of the legacy CSI-RS reuse patterns.

The collision between CSI-RS and NB-RS can be avoided by an eNB scheduler with a scheduling restriction of NB-IoT UEs in the subframes containing CSI-RS patterns colliding with NB-RS. Also, an eNB scheduler may use CSI-RS reuse patterns which doesn’t collide with NB-RS. However, the scheduling restriction of NB-IoT UEs and/or limiting CSI-RS reuse pattern may not be a proper solution to handle the collision issue.
As an alternative, puncturing or rate-matching of one of the colliding signal may be used. Since the puncturing or rate-matching of NB-RS due to collision may increase UE receiver complexity and/or a significant demodulation performance degradation, the legacy CSI-RS can be punctured if a collision occurs between NB-RS and CSI-RS. Note that the puncturing of CSI-RS in a PRB may result in a slight degradation of CSI feedback accuracy which may not be noticeable from a system throughput performance perspective.

Proposal-1: legacy CSI-RS is punctured when it collides with NB-RS and no CSI-RS configuration indicated for NB-IoT UE in inband operation mode.
It is agreed to support the use of CRS together with NB-RS for NB-IoT downlink transmission if the same-PCI indicator is set to true. This is based on the assumption that the same set of physical antennas and antenna virtualization schemes are used for CRS as well as NB-RS. In this case, the same transmission power can be assumed always for both CRS and NB-RS when the same-PCI indicator is set to true.
In case that power boosting is used for the PRB for NB-IoT, the same-PCI indicator should be set to false since anyhow the lower power CRS may not improve the channel estimation accuracy meaningfully.

Proposal-2: NB-RS power is assumed to be the same as CRS when the same-PCI indicator is set to true
Assuming that the same transmission power is used for both CRS and NB-RS when the same-PCI indicator is set to true, the use of CRS for measurement seems to be beneficial if NB-RS is not available in a measurement resource. Therefore, based on the availability of NB-RS in a measurement resource, the use of CRS for measurement may be allowed when the same-PCI indicator is set to true.
Since the antenna virtualization scheme could be different between NB-Sync and other downlink channels as well as NB-RS, it would be better not to use NB-Sync signal for downlink measurement even though NB-RS is not available in a measurement resource.

Proposal-3: CRS can be used for measurement when the same-PCI indicator is set to true and NB-Sync is not used for measurement.
3
Conclusion
In this contribution, we discussed on remaining issues on RS for NB-IoT. From the discussions, we propose followings: 
Proposal-1: legacy CSI-RS is punctured when it collides with NB-RS and no CSI-RS configuration indicated for NB-IoT UE in inband operation mode.
Proposal-2: NB-RS power is assumed to be the same as CRS when the same-PCI indicator is set to true
Proposal-3: CRS can be used for measurement when the same-PCI indicator is set to true and NB-Sync is not used for measurement.
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