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In Rel-13 TS 36.211, the NRS presence assumptions for NB-IoT UEs are specified in section 10.2.6. However, for the unicast case on non-anchor carriers, the assumptions are not clearly described. In this contribution, we give the background of NRS presence discussion and provide our understanding on current Rel-13 specifications regarding the NRS presence for UEs having unicast DL traffic in non-anchor carriers.
Understanding on Rel-13 specification
According to the latest Rel-13 specification, the NRS presence assumptions are specified as follows:
Before a UE obtains operationModeInfo, the UE may assume narrowband reference signals are transmitted in subframes #0 and #4 and in subframes #9 not containing NSSS.
When UE receives higher-layer parameter operationModeInfo indicating guardband or standalone,
Before the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #1, #3, #4 and in subframes #9 not containing NSSS.
After the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #1, #3, #4, subframes #9 not containing NSSS, and in NB-IoT downlink subframes and shall not expect narrowband reference signals in other downlink subframes. 
When UE receives higher-layer parameter operationModeInfo indicating inband-SamePCI or inband-DifferentPCI,
Before the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #4 and in subframes #9 not containing NSSS.
After the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #4, subframes #9 not containing NSSS, and in NB-IoT downlink subframes and shall not expect narrowband reference signals in other downlink subframes. 
For Rel-13 NB-IoT UEs, initial access is only performed on anchor carrriers. According to the description in the current specification, it is clear that there exists a minimum set of subframes where NRS are transmitted on anchor carriers. For standalone and guard-band modes, the minimum set includes subframes #0, #1, #3, #4, subframes #9 not containing NSSS, and for inband operation mode, the minimum set includes subframes #0, #4 and in subframes #9 not containing NSSS. This enables frequency/time tracking for UEs, allows some extent of cross-subframe channel estimation, and improves the accuracy of RRM measurement. Besides the minimum set of NRS, NRS is also assumed to be present in the valid subframes after the UE obtains the valid subframe configurations in SIB1-NB.
However, the description of NRS presence on non-anchor carriers are missing in the Rel-13 specification, because a non-anchor does not have an RRC IE operationModeInfo associated with it. There are two different understandings according to the discussion in RAN1#88bis:
· Understanding 1: when a UE is configured by RRC signaling on a non-anchor carrier for which DL-CarrierConfigDedicated-NB is present, the UE may assume NRS are transmitted in the minimum set for NRS presence (sf #0,1,3,4,9/01,1,4,9) and valid downlink subframes;
· Understanding 2: when a UE is configured by RRC signaling on an non-anchor carrier for which DL-CarrierConfigDedicated-NB is present, the UE may assume NRS are transmitted only in valid downlink subframes;

It seems very difficult to interpret the Rel-13 specifications (and the equivalent part of the Rel-14 specifications) as implying NRS are only present in valid subframes on non-anchor carriers, given that there is no description of such an assumption anywhere. The most reasonable interpretation is to assume that the reference to operationModeInfo is intended to refer to the operation mode of any NB-IoT carrier. The original agreements, although now revised by specifications and CRs, also do not distinguish between anchor or non-anchor carriers for this point, which suggests to an implementer that they should interpret the specification as applying in the same way to all carriers.
According to the discussion above and in the previous meeting, the current specification needs for clarification for unicast non-anchor carrier. At least, there should not be a new set of subframes for NRS presence on unicast non-anchor carriers other than described in Understanding 1 and Understanding 2. 
Proposal 1: The NRS presence assumption for unicast on non-anchor carrier in Rel-13 and Rel-14 specification should be clarified between Understanding 1 and Understanding 2.
Technical analysis
From a technical point of view, the above understanding 1 leads to the same or similar UE behavior on frequency/time tracking and channel estimation regardless the UE receives unicast DL traffic on anchor carrier or non-anchor carrier. This minimizes the UE implementation complexity. It is also the most straightforward way to interpret the current description in Rel-13 specifications.
Understanding 2 might enable the network to minimize the interference/pilot pollution by implementation. However, this may force the UE to track the frequency/timing over anchor carrier by using the minimum set on anchor carrier when there is a relatively long gap between two bursts of valid DL subframes. This may lead to different UE implementations on anchor and non-anchor carriers and introduce UE complexity.   
Conclusion
This contribution gives two understandings of NRSs presence assumptions on unicast non-anchor carriers based on the discussion in RAN1#88bis. The specification should be clarified as one of the two understandings, and there should not be a new set of NRS subframe assumptions introduced for unicast non-anchor carriers.
Proposal 1: The NRS presence assumption for unicast on non-anchor carrier in Rel-13 and Rel-14 specification should be clarified between Understanding 1 and Understanding 2.
· Understanding 1: when a UE is configured by RRC signaling on an non-anchor carrier for which DL-CarrierConfigDedicated-NB is present, the UE may assume NRS are transmitted in the minimum set for NRS presence and valid downlink subframes;
· Understanding 2: when a UE is configured by RRC signaling on an non-anchor carrier for which DL-CarrierConfigDedicated-NB is present, the UE may assume NRS are only transmitted in valid downlink subframes;

It is our view that the proposal to reduce the transmissions of NRS arose only in Rel-14 and therefore it is difficult to apply it retrospectively to any NB-IoT carrier which is according to the Rel-13 specifications, i.e. any anchor and any unicast non-anchor.
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