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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved. One of the objectives [1] in this work item is to study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR.[bookmark: _Hlk516692042]Coexistence with NR
· [bookmark: _Hlk516784255]Study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR [RAN4, RAN1, RAN2]

In RAN1#94 and RAN1#94b, the observation and agreements below for NB-IoT coexistence with NR were reached. This contribution discusses enhancements for improving the performance of coexistence of NB-IoT with NR.Observation
From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and NB-IoT

Agreement
RAN1 studies additional specification enhancement for improving the performance of coexistence of NB-IoT with NR.

Agreement 
The following aspects are studied to improve the performance of coexistence of NB-IoT with NR
· Resource reservation in NB-IoT
· Overlap of NR SSB with NB-IoT

Mechanism supporting coexistence
In NR, an SS/PBCH block consists of 240 consecutive subcarriers where PSS, SSS and PBCH are mapped within the SS/PBCH block. In the frequency domain, the SS/PBCH block should be placed in the synchronization raster SSREF which is determined by GSCN (Global Synchronization Channel Number). The range of GSCN is 2-26639 shown in Table 1 [2].
Table 1: GSCN parameters for the global frequency raster in NR
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz 
N= 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz 
N= 0:4383
	22256 + N
	22256 – 26639

	NOTE:	The default value for operating bands with SCS spaced channel raster is M=3.


In NB-IoT, a NB-IoT PRB including anchor or non-anchor should be placed in the channel raster which is determined by EARFCN which may include an offset around channel raster [3] in the frequency domain. Due to the large range of GSCN and EARFCN, it is possible to place SS/PBCH block and a NB-IoT PRB without overlap by choosing the appropriate value of GSCN and EARFCN in the frequency domain. An illustration is shown in Figure 1.


Fig. 1 Coexistence of NB-IoT with NR SSB without overlap.
Observation 1: It is possible to avoid the overlap by properly placing a NR SSB and NB-IoT carrier(s).
Potential enhancements
3.1	Overlap of NR SSB with NB-IoT
If a NB-IoT carrier can be placed within NR SS/PBCH block, then there is no limitation for the NB-IoT deployment to coexist with NR. But if overlapping of NR SSB with NB-IoT occurs, then collision issues need to be further studied. In the time domain, each NR frame is divided into two equally-sized half-frames of five subframes each with half-frame 0 consisting of subframes 0 – 4 and half-frame 1 consisting of subframes 5 – 9. For 15kHz SCS, the first symbol of SS/PBCH block(s) within a half-frame can be symbol 2 or 8 of the first or second subframe which is indicated by a bitmap ssb-PositionsInBurst. The periodicity can be {ms5, ms10, ms20, ms40, ms80, ms160}. If a NB-IoT anchor carrier is placed within a NR SS/PBCH block with 5ms periodicity, then some symbols of NPBCH and NPSS would collide with some symbols of NR SS/PBCH block. An example is shown in Figure 2. The NRS may also collide with the NR SSB.


Fig. 2: Collision of NB-IoT channels/signals with NR SSB

Proposal 1: If a NB-IoT carrier can be placed within a NR SSB, the following aspects needs to be further studied to improve the performance of coexistence of NB-IoT with NR:
· Collision of NR SSB with NPBCH
· Collision of NR SSB with NPSS
· [bookmark: _GoBack]Collision of NR SSB with NRS
3.2	Resource reservation in NB-IoT
In the last meeting, it was agreed to further study resource reservation in NB-IoT to improve the performance of coexistence of NB-IoT with NR. One benefit for resource reservation in NB-IoT is to avoid the collision between NB-IoT transmission and NR transmissions. 
In current NB-IoT system, there are multiple non-anchor carriers (i.e. multiple 180 kHz PRBs) for unicast, paging and RACH that can be placed within the whole NR CC (Component Carrier) bandwidth. When the multiple NB-IoT UEs are scheduled in multiple NB-IoT carriers, the NR transmissions should avoid the collision with NB-IoT transmissions. Generally, the NB-IoT transmission would last for a long time especially for deep coverage NB-IoT UEs. So in this case, some NB-IoT resources can be reserved to avoid overlapping with NR transmissions repeatedly, especially for URLLC services in NR which use a large number of contiguous RBs for a single transmission due to the 10-5 BLER target and tight latency requirements. In NB-IoT, when the resource is reserved, it means that NB-IoT UEs cannot use these reserved resources. Thus postponed or dropped operation can be considered. 
From NB-IoT point of view, the reserved resource mechanism can also introduce forward compatibility for NB-IoT. A Rel-16 eNB can configure the resources as the reserved resources for Rel-16 NB-IoT UEs and beyond. Rel-16 and beyond NB-IoT transmission is postponed or dropped around these resources. Therefore, eNB does not need to handle the collision issue between Rel-16 transmission and beyond Rel-16 transmission, which complicates the scheduling and may impact the resource efficiency of NB-IoT.
Proposal 2: In Rel-16, configuration of reserved resources in NB-IoT which are postponed or dropped by NB-IoT UEs is considered to improve the performance of coexistence of NB-IoT with NR. FFS whether and how the reserved resources are used for NR UEs.
Conclusion
In this paper, we discuss the coexistence of NB-IoT and NR. Some additional NB-IoT enhancements for improving the performance of coexistence of NB-IoT with NR are proposed to be further considered.
Observation 1: it is possible to avoid the overlap by properly placing a NR SSB and NB-IoT carrier(s).
Proposal 1: If a NB-IoT carrier can be placed within a NR SSB, the following aspects needs to be further studied to improve the performance of coexistence of NB-IoT with NR:
· Collision of NR SSB with NPBCH
· Collision of NR SSB with NPSS
· Collision of NR SSB with NRS
Proposal 2: In Rel-16, configuration of reserved resources in NB-IoT which are postponed or dropped by NB-IoT UEs is considered to improve the performance of coexistence of NB-IoT with NR. FFS whether and how the reserved resources are used for NR UEs.
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