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1	Introduction
In the work item description (WID) of Rel-16 enhancements for NB-IoT, one of the objectives is to improve the multi-carrier operation as follows [1]. 
· 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] 

In this contribution, we discuss the support of indicating on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted. 
[bookmark: _Ref178064866]2	Discussion
One of the WI objectives in improving the multi-carrier operation in Rel16 NB-IoT is to 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. 
Recall that in Rel-14 for non-anchor paging, the NRS is only transmitted if there is a paging message. The intention was to minimize the network overhead and reduce interference as the paging load is not expected to be high in NB-IoT. Having an always on NRS for paging on non-anchor carrier not only increases the energy costs for the operators but also causes unnecessary interference. Furthermore, as the LTE resource allocation is done via RBGs (Resource Block Groups), the presence of NRS would fragment LTE resource allocation and degrade the LTE performance if NB-IoT is deployed inband. Considering NR coexistence with NB-IoT, an always-on NRS is not desirable as it will require configuring additional reserved resources on the NR carrier.
However, from the UE perspective, as shown in [2], the presence of NRS on non-anchor carrier is very useful for UE to carry out early termination for both WUS and NPDCCH detections. This can further improve the UE energy saving. Therefore, the eNB should only transmit NRS if it is certain that this can benefit some UEs, i.e., there are UEs that support early termination. 
[bookmark: _Toc521669977]The UE should signal its capability of early termination to assist the eNB to decide whether to turn on the NRS transmission on non-anchor carrier to assist the UE for early termination. 

From the results given in [2] we can further observe that the significant energy saving for early termination only occurs when the UE is in good coverage and when Rmax is large. For UE in MCL larger than 154 dB, the gain is not so obvious. 
[bookmark: _Toc521669971]Early termination does not provide noticeable gain for UEs when the MCL is large.
Notice that, in order for the UE not to monitor paging until the configured Rmax on an NB-IoT carrier, in Rel15 WUS is specified. The UE only needs to monitor WUS, which is significant shorter than Rmax, to determine whether it needs to monitor the subsequent paging or not. This can already achieve significant energy saving at the UE. 
Certainly, when WUS is not detected, the UE does not need to monitor NPDCCH for paging. Early termination of WUS detection can also provide energy saving at the UE. As the purpose of transmitting NRS is to facilitate early termination of WUS, the NRS should only be transmitted at the beginning portion of the WUS subframes to facilitate the UE to estimate the SINR.  
[bookmark: _Toc521669972]Unless significant energy saving can be shown by WUS detection early termination, it is not necessary to introduce signalling support to indicate the presence of NRS on an NB-IoT carrier where WUS is configured. 
When WUS is not configured, i.e., the UE is configured to monitor NPDCCH for paging directly, the presence of NRS can help the UE to estimate the DL SINR and perform early termination of NPDCCH decoding to save energy. Recall that if paging is sent on the non-anchor carrier, the NRSs present in 10 NB-IoT DL subframes prior the NPDCCH scrambled by P-RNTI and 4 NB-IoT DL subframes after the NPDCCH. The 10 NB-IoT DL subframes prior the NPDCCH is for the UE to warm up, perform measurements, and used for cross-subframe channel estimation. 
Since power saving is only expected for UE in good coverage, it is expected that only a small amount of NB-IoT DL subframes are needed by the UE to estimate the SINR when paging is not transmitted. In order to have the behaviour at the UE as there is a paging transmitted, at most 10 NB-IoT DL subframes prior the NPDCCH search space should be transmitted for the UE to estimate the SINR when paging is not transmitted. If 10 NB-IoT DL subframes are not enough, as the purpose is to facilitate early termination, the additional NRS should only be transmitted at the beginning portion of the NPDCCH search space. Notice that these subframes are only for UE to estimate the SINR that facilities the early termination. They are not expected to be used for other purposes, e.g., idle mode mobility measurement for cell selection or reselection. 
[bookmark: _Toc521061969][bookmark: _Toc521669973]When WUS is not configured, at most 10 NB-IoT DL subframes prior the NPDCCH search space should be transmitted for the UE to perform SINR estimation for early termination. If 10 NB-IoT DL subframes are not enough, additional NRSs should only be transmitted at the beginning portion, which should be signification smaller than Rmax, of the NPDCCH search space to facilitate the UE to estimate the SINR. Otherwise, the UE can simply monitor the entire configured NPDCCH search space. 
[bookmark: _Toc521669974]The additional NRSs on the non-anchor carriers are not expected to be used for other purposes, e.g., idle mode mobility measurement for cell selection or reselection. 

For the inband deployment, in some cases, in order not to fragment the LTE resource allocation, the non-anchor carrier can be placed next to the anchor carrier. As the NRSs are always transmitted on the anchor carrier, and the power difference between anchor and non-anchor is known, the UE can apply the SINR estimation from the anchor carrier to the non-anchor carrier. Certainly, it is still preferable to have some NRSs on the non-anchor carrier to verify the SINR estimation, but much less NRSs are needed. Therefore, if this is the case, the eNB can configure to send NRSs associating to every L NPDCCH search spaces. Furthermore, of the inband operation, CRSs can also be used to estimate the SINR to facilitate the early termination. 

[bookmark: _Toc521669975][bookmark: _GoBack]In some cases, much less NRSs density can be expected, i.e., NRSs can be associated to every L NPDCCH search spaces. 
[bookmark: _Toc521669976]For inband operation, CRSs can also be used to estimate the SINR to facilitate the early termination. 


However, the difficulty is that the requirement of WUS detection is not finalized in RAN4, and early termination performance of NPDCCH highly depends on UE implementation. Therefore, without RAN4 input, it is difficult for RAN1 to determine how long the NRS should be transmitted. Moreover, as it is expected this feature only gives gain in good SINR, it is reasonable to only ask RAN4 to study a preferred SINR range. For inband operation, around 7 dB SINR is expected at 144 dB MCL. Therefore, it is proposed that 
[bookmark: _Toc521669978]Send LS to RAN4 and ask for input of how long the NRS should be transmitted for the UE to perform SINR estimation for reliable early termination of WUS and NPDCCH in the range that SINR is larger than 7 dB. 
Base on the RAN4 input, RAN1 can further evaluate and design the proper presence of NRSs. 

Conclusion
In the previous sections we made the following observations: 
Observation 1	Early termination does not provide noticeable gain for UEs when the MCL is large.
Observation 2	Unless significant energy saving can be shown by WUS detection early termination, it is not necessary to introduce signalling support to indicate the presence of NRS on an NB-IoT carrier where WUS is configured.
Observation 3	When WUS is not configured, at most 10 NB-IoT DL subframes prior the NPDCCH search space should be transmitted for the UE to perform SINR estimation for early termination. If 10 NB-IoT DL subframes are not enough, additional NRSs should only be transmitted at the beginning portion, which should be signification smaller than Rmax, of the NPDCCH search space to facilitate the UE to estimate the SINR. Otherwise, the UE can simply monitor the entire configured NPDCCH search space.
Observation 4	The additional NRSs on the non-anchor carriers are not expected to be used for other purposes, e.g., idle mode mobility measurement for cell selection or reselection.
Observation 5	In some inband configurations, much less NRSs density can be expected, i.e., NRSs can be associated to every L NPDCCH search spaces.
Observation 6	For inband operation, CRSs can also be used to estimate the SINR to facilitate the early termination.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE should signal its capability of early termination to assist the eNB to decide whether to turn on the NRS transmission on non-anchor carrier to assist the UE for early termination.
Proposal 2	Send LS to RAN4 and ask for input of how long the NRS should be transmitted for the UE to perform SINR estimation for reliable early termination of WUS and NPDCCH in the range that SINR is larger than 7 dB.
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