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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 [1]. One of the objectives 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]


Agreements on coexistence of NB-IoT with NR in RAN1 94 [2] and RAN1 94b [3] follow.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.

RAN1#94

RAN1#94bAgreement 
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


In this meeting, there are 7 contributions [4]-[10] discussing the coexistence of NB-IoT and NR. This contribution summarizes the views and proposals from different companies.
Coexistence aspects for performance improvement
Overlap of NR SSB with NB-IoT
In RAN1#95, there are seven companies discussing the overlap of NR SSB with NB-IoT. The summary views are shown in Table 1.
Table 1: Views on overlap of NR SSB with NB-IoT
	
	Summary
	Observation/Proposals

	Ericsson
	Overlap can be avoided.
	Observation 2:	An NB-IoT carrier center can be placed such that any overlapping between NB-IoT carrier and NR SSB is avoided. By efficient deployment of NB-IoT inside an NR carrier, we can ensure subcarrier grids alignment and resource block alignment, and also, avoid overlap between NB-IoT and NR SSB.
Proposal 1:	RAN1 does not further consider overlap between NR SSB and NB-IoT. Overlap can be easily avoided due the flexible location of NR SSB and the narrowband (i.e., one PRB) feature of NB-IoT.

	Huawei
	Overlap can be avoided.
	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

	LGE
	Overlap can be avoided.
	Observation 2: Using the same principle for overlap of LTE with NB-IoT, the anchor carrier of NB-IoT coexisted with NR should not be in any position of 20 PRBs where the NR SSB could be transmitted, and it should have the minimum carrier frequency offset value.

	MediaTek
	Overlap can be avoided.
	Proposal 3: eNB can avoid case where NB-IoT overlaps with NR SSB in time and frequency by aligning NB-IoT and NR configuration.

	Nokia
	
	Observation 3: NB-IoT reserved resource can be used to exclude the OFDM symbols of SSB and NR-PDCCH.

	Qualcomm
	Overlap can be avoided.
	Observation 2: Overlap of NR-SSB with NB-IoT can be avoided by switching off the NR-SSB transmission on the collided resources. The impact on NR system acquisition needs to be considered.
Proposal 1: To improve the performance of NB-IoT coexistence with NR, specify techniques to semi-statically avoid collision with NR SSB. FFS details.



Based on the expressed views, three companies think that overlap can be avoided in frequency domain. One company thinks that overlap can be avoided in time and frequency domain. One company thinks that it can be avoided by NB-IoT resource reservation. One company thinks that it can be avoided by switching off the NR-SSB transmissions and proposes to specify the techniques to avoid the overlap. Thus we can consider for agreement:
Potential Agreement#1: Overlap of NR SSB with NB-IoT can be avoided.

Resource reservation in NB-IoT
Six companies show their views on resource reservation in NB-IoT to improve the performance of the coexistence of NB-IoT with NR as summarized in Table 2.
Table 2: Views on resource reservation in NB-IoT 
	Huawei
	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.

	LGE
	Observation 1: The current NB-IoT specification can support the resource reservation by using the parameters, such as downlinkBitMap.

	MediaTek
	Observation 1: Reuse of resources for NR is less flexible for transmission by deep/extreme coverage NB-IoT devices of up to several hundred ms due to repetitions.
Observation 2: Legacy UE has no way to know that other subframes are used by NR and may use these other subframes to make erroneous measurements with impact on UE behaviour for cell re-selection.

	ZTE
	Observation 2: When URLLC transmission collides with NB-IoT transmission, the NB-IoT UE may take URLLC data as valid NB-IoT data for combination which may decrease NB-IoT performance and cause increased number of NB-IoT retransmission.
Proposal 3: To improve the coexistence performance of NB-IoT with NR, resource reservation in non-anchor NB-IoT carriers can be considered.
-	FFS symbol level, subframe level or subcarrier level resource reservation
-	FFS dynamic resource reservation

	Nokia
	Observation 1: Invalid subframe bitmap can be used by legacy UEs to avoid NR transmissions. However, NR transmissions may not occupy the entire NB-IoT subframe.
Observation 2: NB-IoT reserved resource (e.g. symbol-level reservation, slot format indicator) can be used to allow NB-IoT transmission in a portion of the subframe.

	Qualcomm
	Observation 1: The resource utilization in NR is more inefficient when multiple NB-IoT non-anchor carrier are configured in the NR bandwidth with semi-static sharing of resources between NR and NB-IoT.
Observation 3: Resource reuse with dynamic sharing between NR and NB-IoT may not be efficient when there are multiple NB-IoT non-anchor carriers configured for paging and random access.



Three companies consider the resource reservation in NB-IoT and propose to further studies the following aspects for resource reservation in NB-IoT to improve the coexistence performance:
· Symbol level/subframe level/subcarrier level/dynamic resource reservation
· Whether and how to support NB-IoT transmission in a portion of the subframe
· Whether resource reservation is used for anchor/non-anchors
· Impact of resource reservation to legacy NB-IoT UEs
· Whether NB-IoT transmission is postponed or dropped in reserved resources
· Whether and how the reserved resources are used for NR UEs
One company thinks that current NB-IoT can support the resource reservation by the parameter downlinkBitMap. One company thinks that resource reuse with dynamic sharing between NR and NB-IoT may not be efficient for multiple non-anchor carriers for paging and random access. 
For the scope of improving performance of coexistence with NR, it is suggested to further discuss the aspects of resource reservation in NB-IoT listed above, and consider to agree to the following proposal:
 Potential Agreement#2: To improve the performance of coexistence of NB-IoT with NR, the following aspects are further studied:
· Symbol level/subframe level/subcarrier level/dynamic resource reservation
· Whether resource reservation is used for anchor/non-anchors
· Impact of resource reservation to legacy NB-IoT UEs
· Whether NB-IoT transmission is postponed or dropped in reserved resources
Other 
Table 3: Summary of companies’ views
	Ericsson
	Observation 1:	It is possible to deploy NB-IoT carrier center inside NR such that NR and NB-IoT subcarrier grids can be aligned. Moreover, resource block alignment can also be achieved between NR and NB-IoT. Hence, in the coexistence scenario, we can avoid inter-subcarrier interference between two systems while occupying a minimum number of NR resources.
Observation 3:	It is possible to configure NR reserved resources to avoid collision with NB-IoT transmissions.
Observation 4:	By exploiting the concept of NR reserved resources and dynamic scheduling, only 0.3% of NR resources need to be reserved for NB-IoT. This corresponds to a 99.7% resource utilization for NR.

	MediaTek
	Proposal 1: RB-Symbol rate-matching is used for resource reservation of subframes for NPSS, NSSS, NPBCH, NPDCCH, NPDSCH for NB-IoT coexistence with NR.
Proposal 2: RE-level rate-matching is used for to indicate NRS ports, v_shift, BW, and MBSFN  for NR-PDSCH rate matching around NRS for NB-IoT coexistence with NR.
Proposal 4: Semi-static resource reservation of all subframes for legacy NB-IoT via RB-Symbol rate-matching is supported.
Proposal 5: For backward compatibility with legacy NB-IoT devices, rateMatchPatterns at RB symbol level granularity with resourceBlocks indicating 1 or several RBs and symbolsInResourceBlocks indicating all subframes #0, #1, .., #9 in radio frame reserved for NB-IoT, and not configuring periodicityAndPattern is supported to rate match around
-	Persistent NB-IoT NPSS, NSSS, NPBCH, SIB1-NB
-	Non-persistent NB-IoT NPDCCH, NPDSCH on NR carrier

	ZTE
	Observation 1: For coexistence of NB-IoT with NR, if multiple non-anchor NB-IoT carriers are deployed, the coexistence impact would be minimized if they can be deployed in adjacent PRBs.
Proposal 1: To improve the coexistence performance of NB-IoT with NR, non-overlapping frequency regions are deployed for anchor NB-IoT and NR.
Proposal 2: To improve the coexistence performance of NB-IoT with NR, if multiple non-anchor NB-IoT carriers are supported, multiple non-anchor carriers are deployed in adjacent PRBs.

	Nokia
	Observation 4: The NR PRB for placement of the NB-IoT carrier may be selected to allow for adequate guard bands and optimally use any excess guard band.

	Qualcomm
	Proposal 2: Rel-16 improvements for coexistence with NR shall also consider TDD NB-IoT. 
Proposal 3: For TDD NB-IoT coexistence with NR, the slot or symbol level configuration shall be considered in NB-IoT to allow DL or UL transmission in part of the subframe.



Two companies consider TDD NB-IoT coexistence with NR, and NB-IoT coexistence with 30-kHz SCS NR. 
There companies discuss NR rate matching mechanism and NB-IoT deployment when coexists with NR. One company thinks that the whole RB resources shall be reserved for NB-IoT transmission all the time, another company thinks that only 0.3% NR resources need to be reserved for NB-IoT by using PRB-level+Symbol-level+RE-level rate matching in NR. One company thinks that multiple non-anchor carriers are deployed in adjacent PRBs to improve the coexistence performance. From the feature lead point of view, it is up to the eNB or gNB implementation how to reserve NR resources for NB-IoT and/or how to deploy NB-IoT within NR.
Conclusion
It is suggested to consider for approval the following proposals.
Potential Agreement#1: Overlap of NR SSB with NB-IoT can be avoided.
Potential Agreement#2: To improve the performance of coexistence of NB-IoT with NR, the following aspects are further studied:
· Symbol level/subframe level/subcarrier level/dynamic resource reservation
· [bookmark: _GoBack]Whether resource reservation is used for anchor/non-anchors
· Impact of resource reservation to legacy UEs
· Whether NB-IoT transmission is postponed or dropped in reserved resources
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