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1. Introduction
In RAN#72 a new work item (WI) named enhancements of NB-IoT  [1] was introduced. The objectives of the WI include the support of positioning, multicast, non-anchor PRB enhancements, mobility and new power classes. In RAN1#86 the following agreement was reached:
Agreements:
· For paging: 
· For a Rel-14 NB-IoT UE, both anchor and non-anchor PRB can be selected as the paging PRB 
· A Rel-14 UE chooses the PRB based on UE_ID
· Paging message on NPDSCH is scheduled by NPDCCH on the same PRB.

Additionally, in RAN2#96 the following agreement was reached:
UE camps on and performs measurement on the anchor carrier.

In this document we provide our views on the remaining details on the support of paging in non-anchor PRBs, particularly on the presence of NRS in a non-anchor PRBs

2. Presence of NRS in non-anchor PRBs
In Rel-13 NB-IoT, the setting of non-anchor PRBs is done in a unicast manner, i.e., a UE accesses the cell using the anchor PRB, and then an RRC reconfiguration is performed to move this UE to a non-anchor PRB. Thus, a UE has no knowledge of the non-anchor PRB until it is configured by the eNB, and so the UE only expects NRS in this PRB after the configuration takes place.
For Rel-14 enhancements, however, the situation is slightly different, since the existence of non-anchor PRBs is broadcast in system information. Thus, any UE can be monitoring paging/random access response without the eNB knowing it. The presence of NRS in this carrier, therefore, has to be fixed in the specification to allow for common understanding between UE and eNB.
NRS can be used by a UE for the following:
· Time/frequency tracking: After being in DRX (especially for long periods of time), the local oscillator of the UE may have drifted due to temperature changes or other imperfections. The measurement of NRS allows the UE to correct these frequency errors. Note that this time/frequency errors are not only applied for demodulation of a physical channel, but also for adjusting the internal clock used for determining the time until the next wake-up. The time/frequency accuracy is especially important for the case of NPRACH retransmission, when the UE transmits NPRACH after monitoring for RAR.
· Channel estimation: The UE uses NRS to demodulate NPDSCH and NDPCCH. The presence of NRS before the actual paging occasion may be used, for example, to warm up the channel estimation before the actual NPDCCH arrives.
· Measurements: When in idle mode, a UE has to perform cell reselection, and to do so has to measure NRS. Although NRS may be measured in the anchor PRB, it would be useful to enable measurements in the non-anchor PRB as well. If this is enabled, the UE may wake up from deep sleep, perform the measurements in the non-anchor PRB and decode paging simultaneously.
This last item is especially critical for power consumption in idle mode. If the UE cannot measure NRS at the same time it is decoding paging, then its power consumption will increase due to serial operation. 
Observation 1: From UE power consumption perspective, it is beneficial to perform measurements while decoding paging.
The following RAN2 agreement:
UE camps on and performs measurement on the anchor carrier.
Appears to disable this operation. From our view, the RAN2 specification should not dictate where the UE performs the measurements, just that the NRSRP/NRSRQ are the ones for the anchor carrier (anchor/non anchor may have different power levels). Since the difference in power level is signalled, there is no reason to prevent the UE from making measurements in the non-anchor carrier, thus enabling all UEs to measure and decode paging at the same time. Additionally, the UE needs to detect the presence of NRS before actually performing the demodulation (e.g. for adjusting tracking loops), which increases the UE complexity and, at the same time, may harm the UE performance.
Proposal 1: From RAN1 perspective, it is beneficial to be able to perform measurements in the non-anchor carriers to decrease power consumption. The RSRP/RSRQ can refer to the anchor carrier (for mobility/cell reselection), but these values can be obtained by measuring in the non-anchor carrier and applying the power offset between NRS.
Proposal 2: Send an LS to RAN2 with the previous proposal.
At the same time, it may be a waste of network resources if the eNB has to transmit NRS even when there is no NB-IoT UE monitoring this non-anchor PRB. For the case of paging, for example, the eNB may assume that there are no UEs monitoring this non-anchor PRB if the current subframe is not close to any paging occasion. The definition of close should allow for the following:
· There is no UE using NRS to decode NPDCCH (this is related to the longest NPDCCH candidate).
· There is no UE using NRS to warm-up the channel estimation and tracking loops before the start of the paging occasion.
· There is no UE processing NRS while it is decoding NPDCCH.
Additionally, if a paging record is transmitted, the NPDSCH subframes should also contain NRS. In Figure 1 we show the time interval in which NRS should be present. If some subframes are invalid the same rules as in the anchor PRB would apply: the NPDCCH would be postponed, and no NRS would be present in that particular subframe.


Figure 1 Presence of NRS around a paging occasion



A similar idea can be applied for the RAR monitoring, with the additional constraint that the frequency/time tracking has to be accurate enough for the next NPRACH transmission. In view of this reasoning, we make the following proposals:
Proposal 3: For paging monitoring, the UE can assume that NRS is present at least during the following:
· M subframes before a paging occasion
· After the paging occasion, for a duration of subframes equivalent to the longest NPDCCH candidate
· N subframes after the end of the previous duration.
Proposal 4: For RAR monitoring, the UE can assume that NRS is present at least during the following:
· M subframes before the start of a RAR window
· After the start of the RAR window, for a duration of subframes equivalent to the longest NPDCCH candidate + RAR window length.
· N subframes after the end of the previous duration.



3. Summary
Observation 1: From UE power consumption perspective, it is beneficial to perform measurements while decoding paging.
Proposal 1: From RAN1 perspective, it is beneficial to be able to perform measurements in the non-anchor carriers to decrease power consumption. The RSRP/RSRQ can refer to the anchor carrier (for mobility/cell reselection), but these values can be obtained by measuring in the non-anchor carrier and applying the power offset between NRS.
Proposal 2: Send an LS to RAN2 with the previous proposal.
Proposal 3: For paging monitoring, the UE can assume that NRS is present at least during the following:
· M subframes before a paging occasion
· After the paging occasion, for a duration of subframes equivalent to the longest NPDCCH candidate
· N subframes after the end of the previous duration.
Proposal 4: For RAR monitoring, the UE can assume that NRS is present at least during the following:
· M subframes before the start of a RAR window
· After the start of the RAR window, for a duration of subframes equivalent to the longest NPDCCH candidate + RAR window length.
· N subframes after the end of the previous duration.
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