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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, the following agreements and working assumption were made:
RAN1#96
· P1: The decimation pattern shall be fair across UEs, i.e., all UEs see the same/similar percentage of POs with NRS.
· FFS: the case for eDRX
· P2: A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.
· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than X (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)
· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.
· P4: The POs with NRS are quasi-uniformly/uniformly distributed from network perspective.

RAN1#96bis
The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based at least on nB-r13/nB
· FFS: defaultPagingCycle-r13/T
· Note: The paging frame and the number of UE groups can be derived from T and nB

RAN1#97
With regards to the RAN1#96bis agreement:
· If nB >= X, specify the decimation pattern/M/N for each nB.
· FFS if the value of M/N is different for different POs within a DRX cycle
· For nB < X, all POs have NRS. FFS value of M/N.  
It is agreed that the value of X is T/2.
For nB < X, the value of M+N is 10
· FFS: Whether the values of M and N are configurable
For nB>=X, the decimation/N/M pattern guarantees that there are [10] subframes with NRS nearby every PO (after decimation pattern, and from network perspective)
For the decimation pattern for nB>=X, RAN1 to decide for each nB value:
· M/N
· Decimation pattern
· FFS: Offset (if used)

This contribution aims to discuss signalling aspects for NRS on non-anchor carrier even when no PDCCH is transmitted in type 1 CSS for paging..
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Decimation Pattern for nB >= T/2
The nB values can be in range {1, 2, .., 4096} based on the configured paging parameters 
· defaultPagingCycle-r13 ENUMERATED {rf128, rf256, rf512, rf1024}, 
· nB-r13 ENUMERATED { fourT, twoT, oneT, halfT, quarterT, one8thT, one16thT, one32ndT, one64thT,  one128thT, one256thT, one512thT, one1024thT, spare3, spare2, spare1},
Figure 1 shows the POs for paging parameter nB=T/2, T, 2T, 4T. There are 1 PO every other frame when nB=T/2, 1 PO in a frame when eNB=T, 2 and 4 POs per frame when nB=2T and 4T respectively.With nB=T/2 and N+M=10, 50% of subframes have NRS even when no NPDCCH transmitted. With nB=T, 100% subframes have NRS.  
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Figure 1: POs for paging parameter nB
RAN1#96bis made agreement that the subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based at least on nB-r13/nB. The defaultPagingCycle-r13/T is for further study. The paging parameters nB-r13/nB and defaultPagingCycle-r13/T are broadcast in PCCH-Config-NB-r13 in RadioResourceConfigCommonSIB-NB in SystemInformationBlockType2-NB information element. The paging frame and the number of UE groups can be derived from these parameters. The paging UE groups will have different paging frames / paging opportunity based on their UE_ID and the common paging parameters nB-r13/nB and defaultPagingCycle-r13/T.  Decimation pattern option P2 with option P4 can be used to ensure that at most 50% of subframes have NRS for nB=T/2, T, 2T, or 4T to keep overhead reasonable.
On waking up from DRX, a UE belonging to a paging group will check the paging at the first paging opportunity. This is normal UE behaviour. 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 on the non-ancho carrier is un-efficient. It is sufficient to only transmit NRS in a subset of the POs for SNIR estimation to keep NRS overhead on non-anchor carrier low. A UE belonging to a given UE group (being a UE in a group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group. This allows the UE to do SNIR estimation for NPDCCH early termination even when no NPDCCH transmitted. This would require a new UE behaviour. This is illustrated in Figure 2 (further details for paging configuration are given in Appendix).
Proposal 1: Decimation pattern P2 is used when nB >= T/2 – i.e.
· P2: A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.
· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than T/2 (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)
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Figure 1 NRS transmission in POs of a different UE group, T=256 ms, nB=T/8=32.

A network can have the option to reduce the NRS overhead by applying a more aggressive decimation pattern. With nB=T the decimation pattern could be R=1,2, 4, 8, .., maxDecimationPattern. RAN1#96 agreed that in decimation pattern Option P2, the maximum gap between the PO with NRS and the PO the UE monitors is not larger than X (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination). RAN1#97 agreed that X=T/2. With minimum value T=128 frames, there must be at least NRS every 64 ms depending on broadcast paging parameter defaultPagingCycle-r13. Further, there are N+M=10 subframes with NRS after decimation pattern even when no NPDCCH transmitted. Table 1 shows the decimation patterns R (i.e., the fraction of POs with NRS is R) for nB=T/2, T, 2T, 4T and corresponding percentage of subframes with NRS. 
	nB
	Decimation pattern R 50% NRS subframes
	Decimation pattern R 25% NRS subframes
	Decimation pattern R 12.5% NRS subframes
	Decimation pattern R 1.56% NRS subframes

	T/2
	0
	2
	4
	128

	T
	2
	4
	8
	256

	2T
	4
	8
	16
	512

	4T
	8
	16
	32
	1024


Table 1: Decimation pattern Rand percentage of NRS subframes for nB=T/2, T, 2T, 4T
In an example, with nB=T=128 and R=8 there is one PO with M+N=10 NRS subframes even when no PDCCH transmitted every 8 POs. One UE group out of 8 UE groups, or 16 (=nB/8=T/8=128/8) UE groups out of a total of 128 UE groups (i.e. 12.5%), has N+M=10 NRS subframes in associated PO even when no PDCCH transmitted. This is equivalent to network configuring nB=T/8 with no decimation pattern (R=0) and all UE groups have N+M=10 NRS subframesin associated POs even when no PDCCH transmitted.  In the example, with R=256, there is one PO with M+N=10 NRS subframes even when no PDCCH transmitted every 64 POs, which is maximum decimation pattern allowed (i.e. T/2=128/2=64). One UE group out of 64 UE groups, or 2 (=nB/8=T/64=128/64) UE groups out of a total of 128 UE groups (i.e. 1.56 %), has NRS in associated PO even when no PDCCH transmitted. 
Other examples with nB = T/2, 2T, or 4T can be provided to show decimation patterns for a given value of T. Note that the number of UE groups is upper bounded to min(T, nB). The decimation patter for nB>=T/2 corresponding to selecting a subset of UE groups with NRS even when no PDCCH transmitted can be broadcast in PCCH-Config-NB-r13 in RadioResourceConfigCommonSIB-NB 
· Implicitly with a subset of decimation pattern values nB-DecimationPattern-NB-r16 pattern =ENUMERATED {0, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024},
· Explicitly with a subset of UE groups in an N-bit bitmap nrsTransmitBitmap, where 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 and nB>=T/2.
The implicit way requires less SIB overhead depending of parameters T and nB than the explicit way, but has less flexibility.
Observation 1: The eNB can broadcast a decimation pattern value R to all the UEs which ensures that the POs with NRS are quasi-uniformly/uniformly distributed from network perspective (Decimation pattern option P4).
Observation 2: The eNB can broadcast a N-bit bitmap nrsTransmitBitmap to all the UEs which ensures that the POs with NRS are quasi-uniformly/uniformly distributed from UE perspective (Decimation pattern option P3).  
Proposal 2: The decimation pattern for nB>=T/2 corresponding to selecting a subset of UE groups with NRS even when no PDCCH transmitted can be broadcast in PCCH-Config-NB-r13 in RadioResourceConfigCommonSIB-NB 
· Implicitly with a subset of decimation pattern option P4 with nB-DecimationPattern-NB-r16 =ENUMERATED {0, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024},
· Explicitly with a decimation pattern option P3 with a subset of UE groups in an N-bit bitmap 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 and nB>=T/2.

Configuration of M/N
RAN1#97 agreed that for nB < X, the value of M+N is 10. It is for further study whether the values of M and N are configurable. RAN1#97 agreed that for nB < X, all POs have NRS. It is for further study the value of M/N.  
In the POs that have associated subframes which will contain NRS even when no NPDCCH is transmitted, 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. If M and N are configurable, the UE needs to get configuration on the anchor carrier. In case UE is camping on the non-anchor carrier to receive the paging, there is potentially ambiguity if the UE receives paging and stay on the non-anchor carrier but the RRC configuration for M and N has been changed. The UE will need first to switch to anchor carrier to check M/N configuration. But, the UE needs to know the M/N configuration to receive the paging on the non-anchor carrier. It is simpler if M/N configuration is specified. In case nB<X, all POs have NRS after decimation pattern. The simplest way to configure M/N in this case is to configure M=10 and N=0. The UE can use M=10 subframes for SNIR estimation for early termination of NPDCCH detection.
Proposal 3:  The value of M is 10 and N is 0 when nB < X.

RAN1#97 agreed that if nB >= X, specify the decimation pattern/M/N for each nB. It is for further study if the value of M/N is different for different POs within a DRX cycle. It is preferable from UE perspective that when there is NRS even when no NPDCCH is transmitted, the value of M/N is the same for the associated POs within a DRX cycle. If the value of M/N is different, this implies that UE knows from RRC configuration how M/N are configured for each associated PO. We have same view as discussed above for nB<X – i.e. M is 10 and N is 0 for nB >= X.  
Proposal 4:  The value of M is 10 and N is 0 when nB >= X


Conclusion
In this contribution, we discussed signaling aspects for NRS on non-anchor carrier when no paging is transmitted.
Proposal 1: Decimation pattern P2 is used when nB >= T/2 – i.e.
· P2: A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.
· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than T/2 (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)
Observation 1: The eNB can broadcast a decimation pattern value R to all the UEs which ensures that the POs with NRS are quasi-uniformly/uniformly distributed from network perspective (Decimation pattern option P4).
Observation 2: The eNB can broadcast a N-bit bitmap nrsTransmitBitmap to all the UEs which ensures that the POs with NRS are quasi-uniformly/uniformly distributed from UE perspective (Decimation pattern option P3).  
Proposal 2: The decimation pattern for nB>=T/2 corresponding to selecting a subset of UE groups with NRS even when no PDCCH transmitted can be broadcast in PCCH-Config-NB-r13 in RadioResourceConfigCommonSIB-NB 
· Implicitly with a subset of decimation pattern option P4 with nB-DecimationPattern-NB-r16 =ENUMERATED {0, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024},
· Explicitly with a decimation pattern option P3 with a subset of UE groups in an N-bit bitmap 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 and nB>=T/2.
Proposal 3:  The value of M is 10 and N is 0 when nB < X.
Proposal 4:  The value of M is 10 and N is 0 when nB >= X

Appendix
Example of UE grouping for paging: 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. 
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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.
Example with DRX cycle  T=256, paging parameter nB=T/8=32. 
We have N=min(T, NB)=32
Further, assuming there are  720,000 UEs in cells associated with a given TAC or 36000 per eNB cell assuming 20 eNBs per TAC (720,000/20). MME sends TAL to each UE listing TAC1, TAC3
There are 1024/T PFs for each value of rightmost term, D in formula PF=SFN mod T= (T div N)*(UE_ID mod N). We have D=(T div N)*(UE_ID mod N) = (256 div 32)*( UE_ID mod 32)=8*(UE_ID mod 32)
where 
· UE_ID=IMSI mod 4096 
· D = 0, 8, 16, .., 248
This gives N=32 UE groups for paging. Each UE group has a configured PF. The N=32 PFs corresponding to SFN mod 256 = D denoted by {PF0, PF1, PF2, PF3, .., PF31}are as follows
· UE_ID mod 32 = 0,  D=  0,     PF0=[   0, 256,  512,  768] 
· UE_ID mod 32 = 1,  D=  8,     PF1=[ 8, 264, 520, 776 ]
· UE_ID mod 32 = 1,  D=  16,     PF2=[ 16, 274, 528, 784]
· ……
· UE_ID mod 32 = 31, D=248, PF31=[248, 504, 760, 1016]
There are 4 PFs per DRX cycle per UE group for paging in this example. Each UE group is linked to UE_ID=IMSI mod 4096=0, 1, 2, …, 31. There are 2.44 106 (=1010/4096) UEs sharing same UE_ID based on 10-digit IMSI per UE group, or 7.63 104 UEs per paging group. 
Up to 4 POs per PF (based on Ns parameter) and 16 paging records per PO. There are 8192 (=4*4*16*32) UEs that can be paged in 2.56s (256*10ms), or 2400 paging messages per second (8192/2.56). This allows 720000 UEs in TAC to be paged at least once per 5 minutes (300=720000/2400)
Assuming paging is scheduled over about 20 eNB cells in TAC, and paged UEs uniformly distributed across the 20 eNB cells, about 120 UEs will need to access cell via random access procedure on receiving paging. There seems to be no paging bottleneck with the considered paging configuration. There may be a bottleneck for data assuming a maximum of about  64 UEs with 1 data TB per second can be supported including  paging procedure overhead (Msg3, Msg4 in RA) and 1 or 2 repetitions.
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