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1 Introduction
[bookmark: _Hlk528935734]In the Rel-16 work item description (WID) on “Additional enhancements for NB-IoT”, one of the objectives is to improve the multi-carrier operation as follows [1]. 
· 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#98bis, the followings agreements were reached: 
Agreement
The values of M/N for nB>=T/2 are
	nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	5
	0

	T/2
	10
	0




Agreement
For the cases where decimation is applied, the decimation pattern is based on the following formula:
· R = (PO_Index+ offset) mod 2, where:
· PO_Index = (SFN  / T * nB + i_s) mod nB.
· The offset depends at least on X = SFN + 1024 * H-SFN.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· FFS remaining details of offset until RAN1#99, including:
· Whether and how to take into account the introduction of UE-specific DRX cycle in the decimation equation.
· RAN2 to capture the above in TS 36.304 (up to RAN2 how to capture it).

In this contribution we provide a follow-up on the above agreements. 
2 Presence of NRS on a non-anchor carrier for paging in NB-IoT
For NB-IoT, paging occasions (POs) are defined in [3] TS 36.304 as “In case of P-RNTI transmitted on NPDCCH, PO refers to the starting subframe of NPDCCH repetitions unless subframe determined by PO is not a valid NB-IoT downlink subframe then the first valid NB-IoT downlink subframe after PO is the starting subframe of the NPDCCH repetitions.” For NB-IoT, PO and the starting subframe of the NPDCCH repetitions can be different if the subframe determined by PO is not a valid NB-IoT downlink subframe. It is currently agreed in RAN1 that 
“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”.
Therefore, following the RAN1 agreement, M is defined with respect to PO rather than the starting subframe of NPDCCH search space. This creates a discrepancy of the UE behaviour with respect to the current RAN1 spec, as currently the RAN1 spec defines NRS presence with respect to the starting subframe of NPDCCH search space. Hence, it is proposed that 
[bookmark: _Toc24106605]RAN1 clarifies that M is defined with respect to the starting subframe of NPDCCH search space with respect to its PO. 
Recall that the paging frame (PF) and paging occasions (POs) are determined in [3] TS 36.304 as follows. 
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 in 7.2 will be derived from following calculation: 
i_s = floor(UE_ID/N) mod Ns 
The following Parameters are used for the calculation of the PF, i_s, PNB, and the NB-IoT paging carrier: 
- T: DRX cycle of the UE. Except for NB-IoT, if a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT. In RRC_INACTIVE state, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers. 
- nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256, and for NB-IoT also T/512, and T/1024. 
- N: min(T, nB) 
- Ns: max(1, nB/T) 
- Nn: number of paging narrowbands (for P-RNTI monitored on MPDCCH) or paging carriers (for P-RNTI monitored on NPDCCH) provided in system information
- UE_ID:
IMSI mod 1024, if P-RNTI is monitored on PDCCH.
IMSI mod 4096, if P-RNTI is monitored on NPDCCH.
IMSI mod 16384, if P-RNTI is monitored on MPDCCH or if P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information.
For NB-IoT the possible values of T are {128, 256, 512, 1024}. The case when nB>=T/2, includes nB = 4T, 2T, T, T/2 and encompasses the presence of four UE groups (nB = 4T), two UE groups (nB = 2T) and one UE group (nB = T and T/2 respectively). Since the PF is determined as “SFN mod T= (T div N) * (UE_ID mod N)”, for the case nB={4T, 2T, T}, each radio frame is a PF and for nB = T/2, every other radio frame is a PF. The UEs are distributed to each of the PF based on the UE_ID, and each UE monitors its PO once per DRX cycle. 
Considering the newly introduced UE specific DRX for NB-IoT UEs, as pointed out in [4], it may be beneficial that all UEs in a cell may have the chance to use NRS for NPDCCH early termination when monitoring paging. One of the concerns raised in [4] is for the UE configured with eDRX, which may have a paging time window (PTW) completely align with a period of no NRS. However, it is worth mentioning that for eDRX operation, it requires the UE to first synchronize to the network to verify the system information (the UE can move to a different cell or the paging configuration in a cell may change during the eDRX off period). Therefore, it is assumed that the UE wakes up in a much earlier time than the starting time of a PTW, especially for UEs in bad SNR. Therefore, the concerns in [4] is not necessary, as the UE can use the NRS from nearby POs when it is in eDRX, as the UE anyway has to wake up much earlier to perform the required eDRX related procedures. 
[bookmark: _Toc24106604]For UEs in eDRX, due to the requirement of eDRX procedures, it can be assumed that the UE can wake up early and take advantage of NRS from nearby POs. 
It was agreed in RAN1#98bis that for the cases where decimation is applied, the decimation pattern is based on the following formula:
· R = (PO_Index+ offset) mod 2, where:
· PO_Index = (SFN  / T * nB + i_s) mod nB.
· The offset depends at least on X = SFN + 1024 * H-SFN.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· FFS remaining details of offset until RAN1#99, including:
· Whether and how to take into account the introduction of UE-specific DRX cycle in the decimation equation.
· RAN2 to capture the above in TS 36.304 (up to RAN2 how to capture it).

It was agreed that for nB>=T/2, a decimation is applied. Therefore, we use nB = T, T = 128 to discuss the above decimation pattern. When nB = T, there is one UE group and i_s = 0. Therefore, we have	PO_Index = SFN mod nB, which gives PO_Index = 0, 1, 2, 3,…127. If the offset is X = SFN + 1024 * H-SFN, then X = 0, 1, 2, 3, 4, …. In this case, R = (PO_Index+ offset) mod 2 is always 0, as PO_Index + offset is always an even number. Furthermore, for nB = T/2, PO_Index is not always an integer number. Therefore, both PO_Index and offset needs to be further defined in order to have a proper decimation pattern. 
If UE-specific DRX does not need to be considered, one solution to solve the problem when nB = T is to slightly modify the offset. The modification should result in an almost equally amount of odd and even numbers for PO_Index + offset. For example, this can be achieved by defining the offset as X = (SFN + 1024 * H-SFN) mod (T/2k-1), where k controls the frequency of the alternation. By observation, k = 3 or k = 4 are reasonable. 
[bookmark: _Toc24106606]If UE-specific DRX does not need to be considered, for the cases where decimation is applied, the decimation pattern is based on the following formula R = (PO_Index+ offset) mod 2, where:
· [bookmark: _Toc24106607]PO_Index = floor( (SFN  / T * nB + i_s) mod nB ).
· [bookmark: _Toc24106608]The offset depends at least on X = (SFN + 1024 * H-SFN) mod (T/2k-1), where k=3 or k=4. 
[bookmark: _Toc24106609]If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.


If UE-specific DRX cycle needs to be considered, then pseudo-random sequence can be added into the offset. In this way, the PO associated with NRS changes pseudo-randomly, which caters different UE DRX behaviours. The existing pseudo-random sequence defined in section 7.2 in TS 36.211 can be used, and the initialization of the sequence can be based on PCID or other factors. If further randomness is needed, then HSFN can be used together with PCID to generate the sequence. To be more specific, the offset is defined as X = SFN + 1024 * H-SFN + l(SFN), where l(SFN) is taken from a pseudo-random sequence of length 1024 based on the SFN number. The length-1024 pseudo-random sequence is generated based on the method given in section 7.2 in TS 36.211 with cinit set to or +H-SFN, initialised at the beginning of every hyper frame. 
[bookmark: _Toc24106610]If UE-specific DRX needs to be considered, for the cases where decimation is applied, the decimation pattern is based on the following formula R = (PO_Index+ offset) mod 2, where:
· [bookmark: _Toc24106611]PO_Index = floor( (SFN  / T * nB + i_s) mod nB ).
· [bookmark: _Toc24106612]X = SFN + 1024 * H-SFN + l(SFN), where l(SFN) is taken from a pseudo-random sequence of length 1024 based on the SFN number. 
· 

[bookmark: _Toc24106613]The length-1024 pseudo-random sequence is generated based on the method given in section 7.2 in TS 36.211 with cinit set to or +H-SFN, initialised at the beginning of every hyper frame.
[bookmark: _Toc24106614]		If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.

Conclusion
In the previous sections we made the following observations: 
Observation 1	For UEs in eDRX, due to the requirement of eDRX procedures, it can be assumed that the UE can wake up early and take advantage of NRS from nearby POs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 clarifies that M is defined with respect to the starting subframe of NPDCCH search space with respect to its PO.
Proposal 2	If UE-specific DRX does not need to be considered, for the cases where decimation is applied, the decimation pattern is based on the following formula R = (PO_Index+ offset) mod 2, where:
· PO_Index = floor( (SFN  / T * nB + i_s) mod nB ).
· The offset depends at least on X = (SFN + 1024 * H-SFN) mod (T/2k-1), where k=3 or k=4.
	If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
Proposal 3	If UE-specific DRX needs to be considered, for the cases where decimation is applied, the decimation pattern is based on the following formula R = (PO_Index+ offset) mod 2, where:
· PO_Index = floor( (SFN  / T * nB + i_s) mod nB ).
· X = SFN + 1024 * H-SFN + l(SFN), where l(SFN) is taken from a pseudo-random sequence of length 1024 based on the SFN number.
· 

The length-1024 pseudo-random sequence is generated based on the method given in section 7.2 in TS 36.211 with cinit set to or +H-SFN, initialised at the beginning of every hyper frame.
	If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
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