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1. Introduction

We have seen the start of R16 NB-IoT enhancement work item in the last quarter of 2018 in RAN1 and RAN2. In RAN4, this meeting marks the beginning of the discussions of R16 NB-IoT enhancement. In the WID [1], it is identified that in R16 the following objective has certain impact on RAN4 specification, 

	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] 




In this paper, we discuss about the work we are involved with in the above objective, the NRS presence on the non-anchor carrier for paging. First we introduce the background of the objective and then we provide analysis on the NRS presence benefits. At last we try to identify the exact RAN4 impact from different possible design of the NRS resource allocations.
2. Discussion
2.1. Background of NRS presence on non-anchor carrier
In Rel-14, NRS is not transmitted when no paging is sent on a non-anchor carrier. This reduces the power consumption of both the network and UE and mitigates the interference caused on other cells or systems. In Rel-16, the NRS presence on the non-anchor carrier is brought to the table and by specifying the presence of NRS on the non-anchor carrier for non-paging occasions, it helps the early termination of PDCCH or WUS detection which can save effort from the UE’s perspective.
In RAN1 #94bis, the following agreements were reached,


[image: image1]
And in RAN1#95, with the following agreements reached as consensus,


[image: image2]
We can see it in the above agreements, RAN1 is still working on the design of the NRS presence on the non-anchor carrier, including the design of termination, multiplexing between NWUS and NPDCCH, the association between PO and NPDCCH. By observation, we identify that there are two different ways of NRS presence can actually help the early termination of the NPDCCH. The first one is that we use the NRS to do channel estimation for NPDCCH however by reading the intention of the initial design of RAN1, the NRS is not only for channel estimation since channel estimation is already supported by the UE and it should be performed as long as NRS exists.
The second way is the main method for R16 UE to early terminate the PDCCH detection under relatively high channel condition. The mechanism is that the network send NRS prior to the POs for the UE to measure the NRSRP beforehand and to decide whether to early terminate the PDCCH detection accordingly.
Observation 1: R16 UE may use the NRS to measure NRSRP prior to paging occasions without paging and to early terminate PDCCH detection.
2.2. The benefits brought by NRS on non-anchor carrier
Now that we have introduced the NRS on the non-anchor carrier, the main benefit from RAN4 perspective is that the UE can always utilize the NRS for serving cell RRM measurement on the non-anchor carrier. This benefits a lot by avoiding the UE to retune to the anchor carrier at least once in every DRX cycle to do the serving cell measurement.
To enable the serving cell measurement on non-anchor carrier, we need to make sure that the NRS is transmitted at least once every DRX no matter the UE is paged or not. Further the NRS is better transmitted in a way that the UE is not supposed to wake up multiple times during one DRX period. Under such circumstances, RAN4 need to define the requirements for non-anchor carrier serving cell RRM measurement. Mainly in my understanding the impact on the current spec would be applicability rules to add. One thing is that when the NRSRP measurement is used in the IDLE RRM procedures, the offset introduced for the non-anchor carrier should be reused to be part of the RRM procedure related criteria.

Observation 2: It is beneficial to enable NRS based non-anchor carrier serving cell RRM measurement as long as the NRS presence on the non-anchor carrier for paging is confirmed.
Proposal 1: Define non-anchor carrier serving cell RRM measurement requirements based on NRS measurement on the non-anchor carrier in TS 36.133.

Proposal 2: RSRP\RSRQ offset to compensate the non-anchor carrier measurements should be considered.
2.3. Other RAN4 works on the objective

In addition to what has been discussed above, RAN4 also needs to define the enough NRS resources number to both correctly decide the termination and fulfill the measurement accuracy requirement if the serving cell measurement is introduced. Thus we may have to conduct simulations for the both cases and before that we need to sync on the simulation metrics and assumptions. We propose to have an initial agreement on the method and metric once after the RAN1 design of the NRS allocations is clear.
Observation 3: RAN4 may need to conduct simulations to verify the enough numbers of NRS fulfilling the reliability requirements of the PDCCH early termination.
3. Conclusion
Observation 1: R16 UE may use the NRS to measure NRSRP prior to paging occasions without paging and to early terminate PDCCH detection.
Observation 2: It is beneficial to enable NRS based non-anchor carrier serving cell RRM measurement as long as the NRS presence on the non-anchor carrier for paging is confirmed.
Proposal 1: Define non-anchor carrier serving cell RRM measurement requirements based on NRS measurement on the non-anchor carrier in TS 36.133.

Proposal 2: RSRP\RSRQ offset to compensate the non-anchor carrier measurements should be considered.
Observation 3: RAN4 may need to conduct simulations to verify the enough numbers of NRS fulfilling the reliability requirements of the PDCCH early termination.
4. References
Agreement


The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.





Agreement


Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.


FFS: Whether PO is from UE perspective or NW perspective





Agreement


A subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.


FFS: Details of the subset, whether it depends on some existing parameters such as DRX cycle or new parameters by configuration


FFS: Whether the subset can be the whole set of POs by configuration.





For next meeting:


Companies are encouraged to consider increased network power consumption and interference, decreased chance for dynamic sharing with other RATs (e.g. NR), paging performance, reduced UE power consumption in the setting of presence of NRS when no paging is sent on a non-anchor carrier





Agreement


RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:


Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.


Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.


Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination


e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 


Alt4: NRS is always associated with NPDCCH for paging





Agreement


In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:


NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space


FFS value(s) of N, M





Agreement 


The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.
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