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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In RAN1#94bis and RAN1#94, the following agreements and working assumption were made:
· The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.
· 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
· 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 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
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
This contribution aims to discuss signalling aspects for NRS on non-anchor carrier when no paging is transmitted.
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NRS support on non-anchor carrier
It was agreed in RAN1#94 that the presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by broadcast signalling. The presence of NRS on non-anchor carrier is at least needed to estimate the SNR for early termination of NPDCCH / WUS corresponding to the associated Paging Opportunity (PO).  The details of the broadcast signalling were not discussed. 
There may be many paging groups. Each paging group may include many UEs depending on their respective UE IDs. In case NRS is always transmitted whether there is paging or not for all paging groups may unnecessarily increase NRS overhead on the non-ancho carrier. 
It is desirable to only transmit NRS for a subset of paging groups depending on paging configuration – i.e. DRX cycle, paging frame / paging opportunity.  The presence of NRS allows SNR estimation and early detection of NPDCCH / WUS.
The NRS always transmitted during a subset of POs can be done in two ways:
· PO is from network perspective - The NRS will always be present during POs associated with a subset of paging UE groups. The NRS overhead can be minimized with the network only scheduling minimum amount of NRS for reasonable SINR estimation. The NRS can be detected by all UEs, even if UEs are not supposed to receive the paging in subset of POs. Signalling can be efficiently done by broadcasting configuration of subset of POs with always on NRS via SIB.
· PO is from UE perspective - The NRS will always be present during POs associated with the paging UE group. The NRS overhead is likely to be high. Assuming short DRX and high paging rate, NRS may only be transmitted in a subset of POs for SINR estimation. This way will be reasonable for early termination of NPDCCH / WUS detection assuming path loss and traffic load conditions have not changed much. Assuming long eDRX cycle and low paging rate, the SINR estimation may not reflect path loss and traffic load conditions and lead to erroneous decisions for early termination of NPDCCH / WUS detection. SINR(Tn) estimated PO at time Tn may not be valid for use at time Tn+N*TeDRX , i.e.  SINR(Tn+N*TeDRX) ≠ SINR(Tn).  The UEs will need to be configured to know the subset of POs with always on NRS. 
[bookmark: _GoBack]Observation 1: Overhead and Signalling of subsets of POs with always on NRS is more efficient with subsets of POs from network perspective.
Proposal 1: Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO from NW perspective.

Signalling to indicate NRS on non-anchor carrier
RAN-level UE grouping for paging is illustrated on Figure 1. Each UE is identified by its UE_ID at RAN level. The UE_ID is linked to the UE IMSI, , where UE_ID=IMSI mod 4096. 
[image: ]
Figure 1 Example of RAN level UE grouping for paging.
The PF is linked to System Frame Number (SFN) and UE_ID as follows
PF=SFN mod T= (T div N)*(UE_ID mod N)  				Equation (1)
Where, 
· T is DRX cycle, typically set to DefaultPagingCycle=128, 256, 512, 1024 radio frames (10ms) 
· N=min (T, nB), where nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, T/1024
One Paging Frame (PF) is one Radio Frame and may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle. The number of POs in a PF is determined by Ns: max(1,nB/T). Index i_s pointing to PO from subframe pattern defined as:
i_s = floor(UE_ID/N) mod Ns
If paging configuration for non-anchor carrier is provided in system information, the paging carrier is determined as the smallest index n (0 ≤ n ≤ Nn-1) fulfilling the following equation:
floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n)
where
· Nn : number of paging narrowbands (for P-RNTI monitored on MPDCCH) or paging carriers (for P-RNTI monitored on NPDCCH) provided in system information
· W(i): Weight for NB-IoT paging carrier i.
· W: Total weight of all NB-IoT paging carriers, i.e. W = W(0) + W(1) + … + W(Nn-1).
The minimum number UE groups for paging in a DRX cycle is 1. This corresponds to 1 paging carrier, 1 PF in a paging cycle and 1 PO in a PF. The maximum possible number of UE groups for paging is N*Ns*Nn. This corresponds to Nn paging carriers, N PFs in a paging cycle and Ns PO in a PF. On a given non-anchor carrier, there can be many UE groups for paging. For example, T= 1024 radio frames, nB = 4T, N=min(T, 4T)=1024. This means in the DRX cycle, each radio frame is a paging frame. In addition, if Ns=2, then there are 1024*2=2048 paging groups in a DRX cycle. In practical paging configuration, the value of N is much smaller than 1024.  
In previous section it is proposed to always transmit NRS even when no paging NPDCCH is transmitted in subframes associated to POs from NW perspective. The configuration of always-on NRS is only needed for a subset of POs linked to the common DRX cycle configuration for paging indicated on SIB. In the example given in the Appendix, the average SINR may be expected to be similar over DRX cycle T=256 radio frames assuming it is estimated over NRS in the 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after the CSS Type 1 of the associated PO from network perspective.
Proposal 2: Always-on NRS are transmitted in the 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after the CSS Type 1 of the associated PO. 
Proposal 3: NRS always transmitted on associated subframes in a subset of POs are determined from common DRX configuration for paging indicated in SIB.
In case on long eDRX cycle of the order of an hour and high paging probability, it is reasonable to schedule always-on NRS for all POs from network perspective. The impact on NRS overhead may not be very significant. The subset of POs can be the whole set of POs by configuration.
Proposal 4: The subset of POs with associated subframes with always transmitted NRS can be the whole set of POs by configuration for long eDRX and high paging probability.
The always on NRS for a subset of paging groups as indicated by a N-bit bitmap nrsTransmitBitmap  broadcasted on system information block SIB2 in SystemInformationBlockType2-NB in   RadioResourceConfigCommonSIB-NB. The network configures the proposed bitmap to ensure there is sufficient NRS transmitted on non-anchor carrier even if there is no paging. The N-Bit bitmap nrsTransmitBitmap is given by
nrsTransmitBitmap= BIT STRING (SIZE (N)) = {b0, b1, …, bN}
Where N= min (T, nB) and bi = UE_ID mod N = i and i = 0, 1, .. N-1
The maximum size of nrsTransmitBitmap can be as an example N=32 bits. This corresponds to a subset of paging groups where there are up to 32 paging groups. In case there are more than 32 paging groups configured by the network, the indices of the paging groups in the subset can be determined by some rules. For example the first 32 paging groups p0, p1, …, p31, where pi indicate the paging group indices and i=0, 1, .., Nmax. 
On reading bitmap in SIB2, the UE determines the paging group and associated PF where NRS can be assumed to be always transmitted. Using example of PF is appendix, N=32 UE groups for paging. Consider example bitmap values below
· B={1 0 0 0 .. 0} means there is NRS always transmitted in PF=[0, 256,  512,  768] in NPDCCH candidates in CSS Type 1, and 10 subframes before and 4 subframes after NPDCCH candidates.
· B={1 0 1 0 … 0} means there is NRS always transmitted in PF=[0, 256,  512,  768] and PF2=[64, 320,  576,  832] in NPDCCH candidates in CSS Type 1, and 10 subframes before and 4 subframes after NPDCCH candidates.
Proposal 5: The subset of paging UE groups with NRS always transmitted is indicated by a N-bit bitmap, nrsTransmitBitmap, broadcasted on system information block SIB2 - the size of the nrsTransmitBitmap is FFS.

Conclusion
In this contribution, we discussed signaling aspects for NRS on non-anchor carrier when no paging is transmitted.
Observation 1: Overhead and Signalling of subsets of POs with always on NRS is more efficient with subsets of POs from network perspective.
Proposal 1: Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO from NW perspective.
Proposal 2: Always-on NRS are transmitted in the 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after the CSS Type 1 of the associated PO. 
Proposal 3: NRS always transmitted on associated subframes in a subset of POs are determined from common DRX configuration for paging indicated in SIB.
Proposal 4: The subset of POs with associated subframes with always transmitted NRS can be the whole set of POs by configuration for long eDRX and high paging probability.
Proposal 5: The subset of paging UE groups with NRS always transmitted is indicated by a N-bit bitmap, nrsTransmitBitmap, broadcasted on system information block SIB2 - the size of the nrsTransmitBitmap is FFS.
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