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According to the NB-IoT enhancements WID [1], objectives on non-anchor PRB enhancements for NB-IoT are listed as follows:
Non- Anchor PRB enhancements
· Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 
· Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]
Further to this objective, there was some discussion in RAN1#87 regarding the assumptions a UE can make regarding presence of NRS on a non-anchor NB-IoT carrier. RAN1 did not make any new agreements in this respect. Our understanding is that Rel-14 can be completed with no new agreements in RAN1 on this topic, in which case NRS are transmitted according to Rel-13 rules which depend only on the stage of serving cell access the UE is at, i.e. before or after reception of SIB1-NB, but in anticipation of further discussion, we give our views in this contribution.
Discussions
In Rel-13, NRS is assumed by NB-IoT UEs to be present in valid NB-IoT DL subframes, in addition to some other subframes. Rel-13 IDLE mode UEs monitor paging and initiate RACH only on the anchor carrier, and do not camp on any non-anchor carrier. Hence, besides subframes 0, 4, subframe 9 not containing NSSS, and additionally subframes 1, 3 in the case of guard band/standalone operation mode, NRS is assumed to be present in all valid subframes by Rel-13 IDLE mode UE on the anchor carrier. Further details can be found in the appendix, which captures section 10.2.6 in TS 36.211.
Observation 1: NRS is assumed to be present in all NB-IoT DL subframes by Rel-13 IDLE mode UE on the anchor carrier.
Rel-14 NB-IoT will support paging transmission and RACH on non-anchor carriers, and there were discussions in RAN1#87 on whether NRS are assumed to be present on non-anchor carriers in NB-IoT DL subframes where neither a paging nor RAR message is transmitted. As a general principle, the IDLE mode UE behavior in Rel-13 should be retained as much as possible in Rel-14 to minimize the re-implementation effort for the UE, and to ease scheduling decisions in the eNB when multiple Releases of UE are present in the network. Hence, the UE assumption regarding NRS presence on the anchor carrier in Rel-13 should be taken as the baseline for supporting transmission of RAR and paging on non-anchor carriers.
Observation 2: The Rel-13 UE assumption regarding NRS presence on the anchor carrier can be the baseline for non-anchor carriers in Rel-14.
As a further optimization compared with this baseline, two options were proposed in RAN1#87:
Option 1: On a non-anchor carrier, a NB-IoT UE assumes that NRS is at least present in valid subframes in a duration which starts from M subframes before the start of a paging occasion/RAR window and until N subframes after the longest NPDCCH candidate/RAR window [2]. 
Option 2: On a non-anchor carrier, a NB-IoT UE does not assume the presence of NRS in a paging occasion unless receiving a paging message and does not assume NRS in the RAR window unless receiving a RAR:
· The transmission of NRS during a paging occasion should be limited to valid subframes used for reception of NPDCCHs scrambled with the P-RNTI, and valid subframes used by the NPDSCH carrying a paging message.
· The transmission of NRS during a RAR window should be limited to valid subframes used for reception of NPDCCHs scrambled with the RA-RNTI and valid subframes used by the NPDSCH carrying the RAR message (Msg2).
· A period before and/or after the NPDCCH/NPDSCH may be used to send NRSs to support enhanced coverage performance.
Figures 1 and 2 summarize the baseline and the proposals from RAN1#87, in the case of no paging transmitted and the longest NPDCCH candidate is used for paging message.
 [image: ]
Figure 1 NRS presence duration in the case of no paging is transmitted
  [image: ]
Figure 2 NRS presence duration in the case of paging with Rmax Type1-CSS NPDCCH candidate is transmitted
From the network perspective, Option 1 and Option 2 can both reduce the NRS transmission on non-anchor carriers compared with the baseline in Rel-13. Hence, it may reduce the network power consumption and can reduce the interference to other cells/systems (e.g. companion LTE) when the non-anchor carrier is lightly loaded.
From the UE perspective, the baseline needs no new UE behavior regarding channel estimation, blind detection of NPDCCH for scheduling paging or RAR and reception of related NPDSCHs. The UE just needs do similar estimation/blind detection and paging/RAR reception as that on anchor carrier. 
For Option 1 as shown in Figure 1, the NRS presence duration assumed by the NB-IoT UE on non-anchor carrier starts at a fixed position and at least covers the whole duration used for NPDCCH detection, which are exactly known by IDLE mode NB-IoT UEs. Hence, the IDLE mode UE can wake up and starts the channel estimation in the assumed NRS presence duration without any additional work for NPDCCH detection. Once an NPDCCH candidate is detected, similarly as in Rel-13, the UE knows where the scheduled NPDSCHs will be sent. Accordingly, the NRS are assumed in the valid DL subframes. It is observed that the channel estimation, blind detection and reception of related NPDSCHs inside the NRS presence duration over non-anchor carriers are almost the same as that in receiving paging/RAR over anchor carrier in Rel-13. Hence, the impact on UE complexity and detection/reception performance of paging/RAR is very similar as that in Rel-13, assuming M and N are set to reasonable values.
For Option 2, it can be observed that the length of the NRS presence duration inside the NPDCCH detection window is dynamically variable, depending on the repetition number of the transmitted NPDCCH candidate for scheduling paging or RAR. Also, the assumption of the position of the NRS presence duration inside the NPDCCH detection window may also change when different candidate in NPDCCH Type2-CSS is monitored for RAR. It should be also noticed that usually filtering technique, e.g. Wiener filtering, is used to obtain more accurate channel estimates of the REs other than the NRS REs. The filtering parameters, which depend on delay profile and Doppler shift, are usually tracked by UEs, e.g., by using NRS in the duration before the current subframe for demodulation. Hence, if Option 2 is adopted, the NRS presence is unpredictable in the NPDCCH detection window. The UE may need to detect the presence of NRS in a subframe to determine whether the channel estimates based on the potential NRS REs can be used to update the parameters for channel filtering. This would add complexity on UE and also may degrade the performance of paging and RAR reception over non-anchor carrier, due to the fact that UE may mis-detect the NRS presence. A long warm-up duration with large number of subframes may minimize the issue, however a long warm-up duration also reduces the benefit on network power consumption/inter-cell interference.
Besides the demodulation of paging on non-anchor carrier, the NRS on non-anchor carrier can be also used for time/frequency tracking even there is not any paging scheduled in the search space. If option 2 is adopted, the presence of NRS is unknown by the UE, hence it would be impossible to track the frequency/time on the non-anchor carrier.
Table 1 summarizes the baseline, Option 1 and Option 2 from both network perspective and UE perspective. 
Table 1 comparison of Baseline, Option 1 and Option2 regarding NRS presence
	
	Network impact/benefit
	Impact on UE complexity and performance of paging/RAR reception
	Impact on time/frequency tracking

	Baseline
	-
	the same as in Rel-13
	Can utilize NRS in non-anchor carrier for time/frequency tracking

	Option 1
	Reduce the NRS transmission over non-anchor carriers
	Almost the same as that in Rel-13.
	Can utilize NRS in non-anchor carrier for time/frequency tracking

	Option 2
	Reduce the NRS transmission over non-anchor carriers
	Additional complexity may be introduced to detect the presence of NRS in a valid DL subframes.
Performance may be degraded due to incorrect NRS presence detection.
	NRS presence is unknown by UEs, hence NRS on non-anchor carrier cannot be utilized for time/frequency tracking.




Based on the above analysis, Option 2 may introduce additional UE complexity by needing new channel estimation attempts and implementations, which may increase the cost of devices. Furthermore, the time/frequency tracking would be impossible for UEs by using non-anchor carrier if option 2 is adopted. Hence, it is proposed that only the baseline and Option 1 are considered in Rel-14 regarding the NRS presence on non-anchor carriers.
Furthermore, besides paging traffic and RAR, SC-PTM is also a new traffic introduced in Rel-14 which may be transmitted on non-anchor carriers for IDLE mode UEs. Hence, if the NRS assumptions on non-anchor in Rel-13 is changed in Rel-14 for IDLE mode UEs, similar assumption regarding the NRS presence can be also applied for SC-PTM search space and NPDSCH when the SC-MCCH and SC-MTCH are transmitted on non-anchor carrier.
Proposal 1: Only the baseline and Option 1 are considered in Rel-14 regarding the NRS presence on non-anchor carriers.
1.1 NRS presence on NPRS carriers
An NB-IoT carrier configured for NPRS may belong to the serving cell or a neighbor cell. Such a carrier may be an anchor, a non-anchor, or a carrier not being used for a purpose other than NPRS, so a UE assumption on the presence of NRS is needed. In general, having NRS available is useful to the UE for maintaining its time/frequency tracking, at least on the serving cell. It is not desirable to introduce OTDOA assistance data overhead to control NRS presence per carrier. Noting that an NB-IoT UE performing OTDOA measurements has no NPDSCH scheduled, and that RAN2 do not intend in LPP to signal the valid DL subframes bitmap per carrier (only the NPRS bitmap for Part A, if configured, will be signaled for neighbor cells) whilst they do intend to indicate the NPRS carrier’s operation mode, the simplest trade-off is to assume that NRS are present on a carrier configured for NPRS according to the assumptions before reception of SIB1-NB. The network has the option of transmitting NPRS in some or all of those subframes.
Proposal 2: UE can assume that NRS are present on an NB-IoT carrier configured for NPRS according to the assumptions before reception of SIB1-NB, i.e. subframes #0, #4 and in subframes #9 not containing NSSS for in-band NPRS carriers, and subframes #0, #1, #3, #4 and in subframes #9 not containing NSSS for standalone/guard-band carriers.
Conclusion
The pros and cons of the methods about NRS transmission on non-anchor PRBs to support paging and NPRACH has been analyzed in the paper. 
Observation 1: NRS is assumed to be present in all NB-IoT DL subframes by Rel-13 IDLE mode UE on the anchor carrier.
Observation 2: The Rel-13 UE assumption regarding NRS presence on the anchor carrier can be the baseline for non-anchor carriers in Rel-14.
Proposal 1: Only the baseline and Option 1 are considered in Rel-14 regarding the NRS presence on non-anchor carriers.
Proposal 2: UE can assume that NRS are present on an NB-IoT carrier configured for NPRS according to the assumptions before reception of SIB1-NB, i.e. subframes #0, #4 and in subframes #9 not containing NSSS for in-band NPRS carriers, and subframes #0, #1, #3, #4 and in subframes #9 not containing NSSS for standalone/guard-band carriers.

Appendix
[bookmark: _Toc454818207]10.2.6	Narrowband reference signal (NRS)
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. 
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