3GPP TSG RAN WG1 Meeting #99
R1-1911991
Reno, USA, November 18th – 22th, 2019
Agenda item:

6.2.2.5
Source:
Nokia, Nokia Shanghai Bell
Title:
Presence of NRS on a non-anchor carrier for paging
Document for:

Discussion and Decision
1 Introduction

In RAN1#98bis, the following agreements were made –

· 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


· 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 consider remaining issue of offset for the presence of NRS on a non-anchor carrier for paging.
2 NRS on Non-Anchor Carrier
In RAN1#98bis, it was agreed that the decimation 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.

It was, however, FFS, how to determine the offset and whether to consider the introduction of UE-specific DRX cycle in the decimation equation. The following offset options have been presented in RAN1#98bis –

· Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2 [4]. This is a simple method resulting in the decimation pattern alternating between consecutive DRX cycles. 
· Offset = (SFN div T) for nB=T and nB=T/2, else introduce a new parameter together with R to determine the PO that has NRS associated with it [2]. Both R=1 and (SFN mod l)=0 need to be satisfied for the PO to have associated NRS. The reason to introduce an additional parameter is to reduce the NRS overhead from the network point of view.
· Offset = (SFN + 1024*H-SFN div Y) where Y=T when nB < 4T and Y=1 when nB = 4T [5]. The reason to have different Y value for when nB=4T is that the distribution of POs is not uniform in this case. Therefore, fairness between UEs can be better achieved if the offset is every two DRX cycles instead of every cycle.
· Offset = [image: image2.png](X div T;)



 where X = SFN + 1024 * H-SFN, T1=128, T2=256, T3=512, T4=1024, and TN is the cell-specific DRX cycle measured in radio frame [3]. The parameter N is given by log2(TN/T1) + 1. This method accounts for the effect of UE-specific DRX cycle for offset determination.
First, of the above methods, only the last one considers the effect of UE-specific DRX cycle for offset determination. However, it is not clear whether UE-specific DRX cycle needs to be considered in light of the considerable complexity in the offset determination and NRS transmission. If only cell-specific DRX cycle is considered, in some cases, UEs with small UE-specific DRX cycle may not see any NRS in the POs within the PTW. However, as previously discussed, the UE can still use NRS in nearby POs. While performance may degrade somewhat, it is not necessary to take UE-specific DRX into account due to its complexity both from the network and UE perspective.

Second, of the remaining methods, two consider optimization for the case of nB=4T and nB=2T. In one case, the optimization is intended for the UE to see the same NRS pattern every two DRX cycles. In the other, the optimization is intended to reduce network overhead when there are many POs close together. Both optimizations result in some increase in implementation complexity for both the network and UE. Similar to the above point, we feel the performance without optimization is sufficient and prefer a simple scheme for offset determine.

Therefore, it is proposed to select Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2 and to clarify that T is the cell-specific DRX cycle. 
Proposal 1: The decimation pattern offset is given by Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2 where T is the cell-specific DRX cycle.
3 Conclusions

In this contribution, we consider the decimation pattern on a non-anchor carrier for paging and make the following proposal –
Proposal 1: The decimation pattern offset is given by Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2 where T is the cell-specific DRX cycle.
4 References

[1] R1-1911341, “Presence of NRS on a non-anchor carrier for paging (feature lead summary),” Qualcomm, RAN1#98bis, Chongqing, China.
[2] R1-1910000, “Presence of NRS on a non-anchor carrier for paging in NB-IoT,” Ericsson, RAN1#98bis, Chongqing, China.

[3] R1-1910730, “Presence of NRS on a non-anchor carrier for paging,” Qualcomm, RAN1#98bis, Chongqing, China.
[4] R1-1910094, “NRS presence on non-anchor carriers for paging,” Huawei, HiSilicon, RAN1#98bis, Chongqing, China.
[5] R1-1910276, “Discussion on NRS on a non-anchor carrier,” ZTE, RAN1#98bis, Chongqing, China.
