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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]In RAN plenary #80 meeting, a new WID of further enhancements for Rel-16 NB-IoT was approved. It was agreed to improve multi-carrier operation for Rel-16 NB-IoT with the following objective:
Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 
The typical scenarios and the configuration of NRS presence on non-anchor carrier were discussed in RAN1#94 meeting with the following agreements:
Agreement 
The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by broadcast signalling.
· Above applies only for non-anchor carriers
Agreement
For the objective on presence of NRS on a non-anchor carrier for paging, consider the following use case:
· Early termination of NPDCCH / WUS
Above is not intended to restrict the study of other use cases in other WGs which may or may not have RAN1 specification impact
In this contribution, the motivation of introduce NRS on non-anchor carrier and possible NRS positions for NB-IoT are discussed.
2. Discussion
Paging on non-anchor carrier was introduced in Rel-14 NB-IoT. NB-IoT UE assume that NRS is transmitted in the NPDCCH candidate of paging, and 10 subframes before and 4 subframes after the NPDCCH candidate. However, if no paging NPDCCH is detected on non-anchor carrier, UE cannot perform NRS-based non-anchor carrier measurement. Therefore, additional NRS transmission should be introduced to increase NRS density on non-anchor carrier and improve UE measurement reliability. 
The additional NRS should guarantee NRS presence within a maximum time window e.g. a DRX cycle, for UE measurement on non-anchor carrier. The maximum time window can be configured by RRC signaling such as SI. The position of NRS can be decided depending on paging occasion.
For example, NRS can be transmitted in subframes before, within and after a search space corresponding to a given paging occasion. UE derive the position of POs as in legacy NB-IoT, and assume for every N paging occasions, NRS is transmitted in the Nth paging occasion, as shown in Figure 1. The SFN and subframe index of NRS transmission can be derived based on PO configuration.
The set of subframes in which the additional NRS is transmitted can be similar to Rel-14, for example, NRS is transmitted in all subframes occupied by the search space of a PO, and also in two given numbers of subframes before and after the paging search space.


Figure 1 NRS transmission in every N POs
Another possible approach is to decide NRS transmission based on NPDCCH detection. Similarly, there is NRS transmission in up to N consecutive paging occasions, but the NRS can also be the legacy NRS transmitted around NPDCCH candidates of paging. Therefore, if UE detect no NPDCCH during N consecutive paging occasions, UE could assume that NRS is transmitted in the Nth PO. Otherwise if NPDCCH is detected, the N consecutive paging occasions will be re-calculated after the end of the NPDCCH, as an example shown in Figure 2. This approach could better handle NRS overhead on DL.


Figure 2 NRS transmission in every N POs without NPDCCH
Wake-up signal was introduced in Rel-15 to improve battery life for both MTC and NB-IoT. The mapping relationship between WUS and PO could allow UE skipping monitoring of paging if no WUS sequence is detected. Therefore, NRS transmission based on WUS configuration is another reasonable solution. Similarly, UE could assume NRS presence in WUS corresponding to every N absolute POs, or WUS corresponding to every N consecutive POs during which no NPDCCH is detected, as shown in Figure 3.


Figure 3 NRS transmission based on WUS
Therefore, we have the following proposals:
Proposal 1: UE could assume additional transmission of NRS in every absolute N paging occasions, or in every N paging occasions during which no NPDCCH is detected.
Proposal 2: When NRS is transmitted in a PO, UE can assume it transmitted in:
· All subframes within the search space corresponding to the PO, and subframes before and after the search space.
· Or, all subframes occupied by WUS corresponding to the PO, and subframes before and after the WUS signal.

In addition, NRS presence on non-anchor carrier for early termination of NPDCCH monitoring was proposed for power saving. Since the maximum repetition level (Rmax) configured for paging search space is designed for worst case in the given CE level, and Rmax might be much higher than actual needed repetition number of NPDCCH decoding for most UEs, NRS used for early termination of NPDCCH monitoring could be beneficial. 
In legacy system, NRS presence can only be observed when the NPDCCH is actually transmitted. Therefore, if no NRS was detected in the beginning multiple subframes of NPDCCH for a PO, UE could assume no paging was transmitted and stop monitoring of the search space. The number of multiple subframes could be derived by UE, e.g. based on RSRP/RSRQ.
Observation 1: Early termination of NPDCCH monitoring on non-anchor carrier based on the presence of NRS can be further considered.

[bookmark: _GoBack]3. Conclusion
Based analysis above, the following proposals are provided: 
Proposal 1: UE could assume additional transmission of NRS in every absolute N paging occasions, or in every N paging occasions during which no NPDCCH is detected.
Proposal 2: When NRS is transmitted in a PO, UE can assume it transmitted in:
· All subframes within the search space corresponding to the PO, and subframes before and after the search space.
· Or, all subframes occupied by WUS corresponding to the PO, and subframes before and after the WUS signal.

Observation 1: Early termination of NPDCCH monitoring on non-anchor carrier based on the presence of NRS can be further considered.
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