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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1], and the following was agreed on improved multi-carrier operation:
Improved multi-carrier operation:
· 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 RAN1#94bis, the following agreements are reached.
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


[bookmark: _Ref129681832]In this contribution we provide our views on NRS presence on non-anchor carriers when no paging NPDCCH is transmitted.
Network cost
[bookmark: OLE_LINK66]In Rel-13, NRS are 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 random access only on the anchor carrier, and do not camp on any non-anchor carrier.
[bookmark: OLE_LINK73][bookmark: OLE_LINK120]In Rel-14, both paging and random access are introduced on the non-anchor carriers. Therefore, NRS should be transmitted on non-anchor carriers that support paging and/or random access. However, in recognition of the fact that there is reduced need for NRS on such non-anchor carriers when paging or RAR are not present, it was agreed to have some advanced UE assumptions on NRS presence, as summarized for paging in Table 1. The details can be found in TS 36.211 [2].
[bookmark: _Ref520392610][bookmark: OLE_LINK19]Table 1 Summary of the minimum presence of NRS on non-anchor carriers
	[bookmark: OLE_LINK93]Presence of paging
	Presence of NRS

	Paging
	Around NPDCCH: NRS are transmitted for 10 NB-IoT DL subframes before the start of the Type1-CSS, in the NPDCCH candidate where the UE finds a DCI with CRC scrambled by the P-RNTI, and 4 NB-IoT DL subframes after the NPDCCH candidate.

Around NPDSCH: NRS are transmitted from 4 NB-IoT DL subframes before the NPDSCH carry paging, and until 4 NB-IoT DL subframes after the NPDSCH.

	No paging
	[bookmark: OLE_LINK121]No NRS need to be transmitted.



[bookmark: OLE_LINK123][bookmark: OLE_LINK527][bookmark: OLE_LINK528][bookmark: OLE_LINK195]In Rel-14, NRS do not have to be transmitted at times when no paging is sent on a non-anchor carrier, which helps reduce the network power consumption and the interference to other cells/systems and enhance dynamic resource sharing with other RATs e.g. NR. The increased NRS presence will reduce the opportunity of the eNB PA switch-off when the traffic is low. Also, the inter-site interference increases. When LTE or NR scheduling around these additional NRS, puncturing these NRS also impacts on the code rate. Thus, the design of this feature should not only consider UE power saving but also take into consideration the network cost. The increase of the NRS presence should have a minor impact from a network perspective.
[bookmark: OLE_LINK196]Observation 1: From network perspective, the impact of the increase of NRS presence should be minor.
[bookmark: OLE_LINK680][bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK529][bookmark: OLE_LINK530][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK192][bookmark: OLE_LINK151]NRS presence on non-anchor carriers for paging
[bookmark: OLE_LINK89][bookmark: OLE_LINK126][bookmark: OLE_LINK82][bookmark: OLE_LINK17][bookmark: OLE_LINK21][bookmark: OLE_LINK10][bookmark: OLE_LINK6]In RAN1#94 agreement, for the objective on presence of NRS on a non-anchor carrier for paging, the use case for early termination of NPDCCH/WUS is considered. The presence of NRS on a non-anchor carrier for paging needs to be carefully considered so that assisting the UE is not at the excessive expense of increasing the NRS overhead when no UEs are being paged. In addition, the minimum presence of NRS when no paging is sent on a non-anchor carrier needs to be considered as a trade-off vs. increased network power consumption and interference, decreased chance for dynamic sharing with other RATs (e.g. LTE).
[bookmark: OLE_LINK149]It has been agreed in RAN1#94bis [3] that subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO. Whether PO is from UE perspective or NW perspective is FFS.
[bookmark: OLE_LINK162][bookmark: OLE_LINK174][bookmark: OLE_LINK145][bookmark: OLE_LINK147][bookmark: OLE_LINK163]The UE needs only to monitor one PO per DRX cycle. If the PO is from UE perspective, the UE only knows that the NRS subframes associated with the PO that it should monitor, and does not know that the NRS subframes associated with other POs. So the UE can only estimate the SINR using the subframes associated to its PO, the subframes associated to other POs cannot assist to the UE together. If the PO is from network perspective, the UE knows that the subframes contain NRS are associated to many PO in a DRX cycle, which can provide reliable SINR estimation for early termination of NPDCCH/WUS.
[bookmark: _GoBack]Proposal 1: Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO from network perspective. 
It has been agreed in RAN1#94bis [3] that a subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted. The subset can be determined by some existing parameters such as DRX cycle. Also, the network can configure the subset by a new parameter. How to determine the subset needs to be further studied.
Another issue is whether the subset can be the whole set of POs by configuration. For paging, the PF and PO are determined by the following formula using the DRX parameters provided in System Information (detail description in 36.304 [4]):
	PF is given by following equation:
SFN mod T= (T div N)*(UE_ID mod N)
Index i_s pointing to PO from subframe pattern defined as:
i_s = floor(UE_ID/N) mod Ns
The following Parameters are used for the calculation:
-	T: DRX cycle, 128, 256, 512, 1024 frames.
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512 and T/1024.
-	N: min(T,nB)
-	Ns: max(1,nB/T)



The parameter nB is used to derive the PO and reflects the number of POs in a DRX cycle. If the DRX cycle is configured to 256 frames, the number of POs in a DRX cycle is 1024 when nB is 4T, whereas there is only one PO in a DRX cycle when nB is T/256. The relationship between nB and the number of POs in a DRX cycle is shown in Figure 1.


Figure 1 Example of the relationship between nB and the number of POs in a DRX cycle

[bookmark: OLE_LINK153]When the value of nB is small, e.g. T/64, from the network perspective, two adjacent POs in a DRX cycle are separated by 64 frames. In such case, if the subset is not the whole set of POs, some POs do not have NRS. We assume that the subframes containing NRS are associated to one of the N POs, only PO1 has associated NRS subframes when no paging NPDCCH, as shown in Figure 2. Then UEs associated with these POs (PO2 to PON) could not get benefit of power saving by early termination. Due to the large gap between POs, it is not feasible for UE to use NRS associated with other POs for its own SINR measurement.


[bookmark: OLE_LINK165]Figure 2 Subframes containing NRS are associated to one of N POs
[bookmark: OLE_LINK164]Observation 2: If the subset of the POs cannot be the whole set of POs, in some cases (e.g. the gap between POs is large) there would be no suitable NRS for UE to perform measurement when no paging.
Proposal 2: The network can configure the whole set of POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
In deciding which subframes contain NRS, we need to consider the value of nB. We suggest the design principle should be:
· [bookmark: OLE_LINK26][bookmark: OLE_LINK28][bookmark: OLE_LINK95][bookmark: OLE_LINK96]When the value of nB is large, the presence of NRS on subframes associated to PO should be as small as possible so as not to add too much NRS overhead.
· [bookmark: OLE_LINK27]When the value of nB is small, there needs to be enough subframes containing NRS associated to the PO to obtain reliable SINR estimation for early termination NPDCCH/WUS.
[bookmark: OLE_LINK58]Proposal 3: The location of NRS subframe(s) associated to a PO is related to the number of paging occasions in a DRX cycle (i.e. nB).
Conclusions
In this contribution we provide our views on non-anchor carriers when no paging NPDCCH is transmitted. The following proposals are made.
Observation 1: From network perspective, the impact of the increase of NRS presence should be minor.
Observation 2: If the subset of the POs cannot be the whole set of POs, in some cases (e.g. the gap between POs is large) there would be no suitable NRS for UE to perform measurement when no paging.
Proposal 1: Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO from network perspective.
Proposal 2: The network can configure the whole set of POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
Proposal 3: The location of NRS subframe(s) associated to a PO is related to the number of paging occasions in a DRX cycle (i.e. nB).
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref477423135][bookmark: _Ref167612671]References 
RP-181451, “New WID on Rel-16 NB-IoT”, RAN#80.
[bookmark: _Ref488676754]3GPP TS 36.211 v15.2.0, “Physical channels and modulation (Release 15)”.
[bookmark: _Ref524795437]Chairman's Notes RAN1 94bis final.
3GPP TS 36.304 v15.0.0, “User Equipment (UE) procedures in idle mode (Release 15)”.
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