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1 Introduction

One of the objectives of the current Rel-14 WI on eNB-IoT is support of non-anchor PRB enhancements [1]: 
· 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]

In this regard, one of the significant differences from Rel-13 in terms of non-anchor carrier operation is that in Rel-14, a NB-IoT UE may be in Idle mode when monitoring/receiving (for paging or random access related DL transmissions – Msg2, Msg3 reTx, Msg4) or transmitting (NPRACH) on a non-anchor carrier. In Rel-13, a UE could only be configured to receive or transmit on a non-anchor carrier when in RRC connected mode.
Further, there have been discussions during the past RAN1 meetings on UE behavior and assumptions on the presence of NRS in the non-anchor carrier. There has been an interest in optimizing the presence of NRS in non-anchor carrier so as to enable more energy-efficient and flexible network operation via defining a more dynamic presence of NRS.

In Rel-13, a UE is RRC configured to the non-anchor carrier and is provided with the set of NB-IoT DL subframes, and the UE may assume presence of NRS only in these NB-IoT DL subframes. On a non-anchor carrier, the UE monitors the NPDCCH UE-specific Search Space (USS) and receives any scheduled NPDSCH. With the knowledge of the set of valid DL subframes, the UE is aware of the NRS presence and can perform channel estimation (for demodulation) as well as use the NRS for time-frequency tracking.
In this contribution, we share our views on the possible enhancements regarding the presence of NRS on non-anchor carriers in Rel-14 considering both the desire to allow for more flexible network operation while minimizing any impact to the UE power consumption.
2 Non-anchor carrier operations in Rel-14 and the need for NRS
2.1 Non-anchor carrier operations in Rel-14

In Rel-14, the following operations are possible on non-anchor carriers:
· Connected mode: Unicast control and data (Rel-13 feature)

· Idle mode: Paging (Rel-14)

· Idle mode: RAR, Msg3 reTx indication (NPDCCH), Msg4 scheduling and transmission (Rel-14)

· Idle mode: SC-MCCH (Rel-14)

· Idle mode: SC-MTCH (Rel-14)

2.2 Functions of the NRS

In addition to the obvious function of facilitating channel estimation for demodulation of NPDCCH/NPDSCH (and NPBCH on anchor carriers), one of the functions of the NRS in NB-IoT DL subframes is to enable the UE to perform time-frequency tracking and adjustments. This is especially crucial for NB-IoT due to the following:
· NB-IoT UEs are expected to employ relatively cheaper components like oscillators that may be subject to higher sensitivity to temperature variations; this leads to higher time and frequency offsets that need to be tracked and corrected by the UE as much as possible to improve demodulation performance. 

· NB-IoT UEs may be in deep coverage subject to large amounts of coupling loss; this makes the time-frequency synchronization and tracking quite challenging and power hungry.

A reliable presence of NRS during long periods of monitoring for NPDCCH search spaces is essential for the UE to maintain a reasonably accurate time-frequency synchronization with the eNB, thereby avoiding frequent time-frequency re-synchronization using the NPSS/NSSS on the anchor carrier. 

2.3 Optimizations to NRS transmissions on non-anchor carrier
Compared to Rel-13 behavior, there is certainly room to further optimize the transmission of NRS on non-anchor carrier so as to make the system more energy efficient and amenable to better coexistence with LTE (when in in-band mode). This is primarily because the use of non-anchor carrier is expected to be driven by traffic and user capacity requirements and hence, it should be possible to avoid certain unnecessary transmissions of NRS when none of the functionalities of the non-anchor carrier are used. 
Thus, transmission of NRS on all configured NB-IoT DL subframes on the non-anchor carrier may not be needed. 

However, it has been proposed that NRS is transmitted only in those subframes that are used to actually transmit NPDCCH or NPDSCH on the non-anchor carrier (and certain subframes before and after the actual transmissions in order to support cross-subframe channel estimation), and that the UE may not assume presence of NRS otherwise. Such an extremely dynamic presence/absence of NRS on the non-anchor carrier could be detrimental to the UE’s power consumption as elaborated below. 
When the UE is on a non-anchor carrier, monitoring for NPDCCH in the Type1-CSS for NPDCCH or in the Type2-CSS for NPDCCH, there is no guarantee that an NPDCCH would be transmitted. Especially for the paging scenario, more often than not, there will be no transmission of NPDCCH in the Type1-CSS although the Idle mode UE is required to monitor for potential paging according to its paging occasion. Moreover, for paging, the number of repetitions for the NPDCCH can be quite significant that can span a duration of over 2 seconds. This implies that for Type1-CSS or Type2-CSS with large values of Rmax, during the monitoring periods, the UE would have no reference signals to use for the purpose of time-frequency tracking. 
However, the UE monitoring for NPDCCH would have no information on whether NPDCCH is actually transmitted or not. Further, as part of regular demodulation attempts, UE is likely to perform not only channel estimation but also use these “expected NRS” transmissions in these subframes for time-frequency tracking. The latter is expected especially if one considers the importance of minimizing residual time and frequency offsets to realize the benefits of cross-subframe channel estimation – a well-established coverage enhancement technique. 
With the above, when there is actual NPDCCH transmission, NRS will also be transmitted, and thus, the mechanism functions as expected. However, when there is no NPDCCH transmission and if NRS is not transmitted, the UE would inevitably use improper/non-existent “reference signals” for channel estimation and time-frequency tracking, adversely impacting both. While the former (impact to channel estimation) is immaterial since there is nothing transmitted for the UE to demodulate using these erroneous channel estimates, the latter can have a tangible effect on the UE’s operation since it would inadvertently “adjust” the time and frequency synchronization based on wrong/non-existent references. This can adversely affect the UE’s synchronization state even for relatively shorter periods of monitoring duration, e.g., shorter than the 256ms duration during which an NB-IoT UE is assumed to be able to maintain time-frequency synchronization in the absence of NRS – related to UL gaps. For the latter case, in contrast to the issue at hand, the UE is not expected to actively perform any corrections as it continuously transmits on the UL based on erroneous references.
Thus, after every event of monitoring on the non-anchor carrier, whenever the UE does not successfully detect any NPDCCH transmitted, it should consider the possibility of having lost not only fine, but possibly, even coarse tracking of its time and frequency reference. Accordingly, the UE either has to maintain a separate hypothesis that is “protected” from any “tracking” that the UE performs during monitoring on the non-anchor carrier (increases UE complexity), or re-establish time-frequency synchronization by re-acquiring NPSS/NSSS (one of the most power consuming steps in a UE receiver) on the anchor carrier.

The above is true for both paging and random access related monitoring. While the impact may be more significant for the case of RAR monitoring (the UE may retransmit preamble upon no RAR being detected), the impact from the need to reacquire NPSS/NSSS after every paging occasion monitoring is not negligible in terms of UE’s Idle mode power consumption.   

However, as mentioned in earlier in this contribution, it is indeed feasible to realize some flexibility and reduce unnecessary transmissions of NRS on non-anchor carriers. Towards this, it may be sufficient if the NRS are transmitted in the subframes corresponding to the duration of the corresponding NPDCCH search spaces (irrespective of actual NPDCCH transmissions) and the associated actual NPDSCH transmissions. Further, it would be beneficial in terms of facilitating cross-subframe channel estimation if the NRS is transmitted a few NB-IoT DL subframes before and after the subframes corresponding to the NPDCCH SS and any associated NPDSCH transmissions. 
Proposal 1:

· A NB-IoT UE may assume the presence of NRS in the NB-IoT DL (valid DL) subframes within Type1-CSS, Type2-CSS, USS, Type1-MSS, Type2-MSSS, and any associated NPDSCH transmissions.
· Additionally, the UE may assume the presence of NRS in the [X] NB-IoT DL subframes preceding and following the subframes corresponding to the above search spaces and NPDSCH transmissions.

Note that, for any of the non-anchor carrier functionalities, it is expected that the UE would be aware of the NB-IoT DL subframe configuration for the non-anchor carrier as part of the configuration of the non-anchor carriers via either common control (SIB-NB) or dedicated RRC signaling. 
3 Conclusion

In this contribution, we presented our views on possible optimizations to NRS transmissions on non-anchor carriers in Rel-14 eNB-IoT considering impact on UE power consumption and complexity. Based on the discussion presented, we summarize our views using the following proposal:

Proposal 1:

· A NB-IoT UE may assume the presence of NRS in the NB-IoT DL (valid DL) subframes within Type1-CSS, Type2-CSS, USS, Type1-MSS, Type2-MSSS, and any associated NPDSCH transmissions.

· Additionally, the UE may assume the presence of NRS in the [X] NB-IoT DL subframes preceding and following the subframes corresponding to the above search spaces and NPDSCH transmissions.
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