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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]


The RAN1#94 observation and agreements [2] on coexistence of NB-IoT with NR 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.


In this meeting, there are 7 contributions [3]-[9] discussing the coexistence of NB-IoT and NR. This contribution summarizes the views and proposals from different companies.
Summary of discussion points
1.1 Potential Enhancements
Table 1
	Huawei, HiSilicon
	Observation 1: There can be multiple NB-IoT non-anchor carriers which are distributed in the NR CC bandwidth.
Proposal 1: In Rel-16, more efficient resource sharing mechanism can be considered, e.g. configuration of resources which are postponed or dropped by NB-IoT UEs. FFS whether and how the resources are used for NR UEs.

	Dish Network
	Proposal 1: 	RAN1 should study efficient coexistence between NB-IoT and NR using flexible numerologies or slot structures.
Observation 2: 	NR SSB may overlap with some NB-IoT PRBs. 
Proposal 4: 	RAN1 shall study the consequence of this overlap between NR SSB with NB-IoT PRBs.

	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.
Proposal 3: To improve the coexistence performance of NB-IoT with NR, resource reservation in NB-IoT can be considered.
-	FFS symbol level, subframe level or subcarrier level resource reservation
-	FFS dynamic resource reservation

	Qualcomm
	Proposal 3: For 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.

	Nokia
	Observation 1: Invalid subframe bitmap can be used to support dynamic TDD usage by NR.
Proposal 1: Subframes that are marked invalid subframes to support dynamic TDD for NR can also be used by NB-IoT (e.g. via another bitmap and/or symbol-level slot format indicator).
Observation 2: 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.
Observation 3: 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.




Potential proposal 1:
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

For FDD system in NR, the DL symbols cannot be used for UL and UL symbols cannot be used for DL. The slot format issue described in some contributions only exists for TDD NB-IoT coexistence with NR. The Rel-16 improvements for coexistence in this WI are only for FDD NB-IoT based on the WID [1].

1.2 Resource configuration
Table 2
	Ericsson
	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
	Observation 1: Semi-static sharing of resources for NB-IoT coexistence with NR indicated via RRC configuration does not require tight coupling between NB-IoT eNB and NR gNB schedulers.
Observation 2: Resource re-use with dynamical sharing of NB-IoT and NR may not be significant due to (i) only 1 or 2 RBs used for NB-IoT; (ii) heavy load of NB-IoT traffic; (iii) lack of flexibility due to NB-IoT scheduled transmissions for UEs in deep / extreme coverage of up to several hundred ms.
Observation 3: RE-level rate matching around NRS using rate matching patterns indicated via RRC configuration is not suitable for non-anchor carrier.
Proposal 1: Specify coexistence solutions that can be applied to NB-IoT anchor carrier and non-anchor carriers.
Proposal 2: Solution for NB-IoT coexistence with NR based on semi-static sharing of resources between NB-IoT and NR indicated via RRC configuration is baseline.
Proposal 4: rateMatchPatterns at RB symbol level granularity to rate match around persistent NB-IoT NPSS, NSSS, NPBCH, NPRACH and non-persistent NB-IoT NPDCCH, NPDSCH, NPUCCH, NPUSCH on NR carrier with resourceBlocks=1 RB and symbolsInResourceBlocks = 14, and not configuring periodicityAndPattern.



Two companies analyzed how the gNB configures resources for NB-IoT when NB-IoT coexists with NR. It is also the understanding of the feature lead that how the resources are configured depends on the gNB implementations and there is no impact on specifications. It is suggested to agree to the following observation.
Potential observation 1: NB-IoT can coexist with NR by exploiting NR reserved resource mechanisms and dynamic scheduling.

1.3 Subcarrier and RB Alignment
Table 3
	Ericsson
	Observation 1:	It is possible to identify NR subcarriers between which the NB-IoT carrier can be placed. Therefore, NR and NB-IoT DL subcarrier grids can be aligned.
Observation 2:	It is possible to achieve resource block alignment between NR and NB-IoT by properly placing the NB-IoT carrier. Such alignments can enhance the resource efficiency thus reducing overhead in the coexistence scenario.

	LGE
	Proposal 1: In a scenario where NB-IoT and NR coexist in a same carrier, the following procedure can be a potential solution in RAN1 perspective, which may need to be confirmed by RAN4 as well.
(1) Assume that the eNB deploys the standalone mode NB-IoT anchor carrier coexisted with NR system.
(2) Since the subcarrier gird misalignment is occur between standalone mode NB-IoT and NR, the eNB intentionally shifts the center frequency of NB-IoT anchor carrier by + 7.5 kHz or - 7.5 kHz, and the eNB intentionally broadcasts to UEs via MIB that the operation mode is guard-band mode and the carrier frequency offset of anchor carrier is + 7.5 kHz or - 7.5 kHz.
(3) If non-anchor carriers are needed, eNB may deploy non-anchor carriers consecutively next to the anchor carrier above.

	Dish Network
	Observation 1: 	NR with 15 kHz SCS has similar frame, subframe, OFDM symbol, and CP durations of NB-IoT. So, the coexistence of NR with SCS of 15 KHz and NB-IoT should not be a concern.
Proposal 2: 	RAN1 should identify NR subcarriers that the NB-IoT carrier can be placed, and so, NR and NB-IoT subcarrier grids can be aligned.
Proposal 3: 	The subcarrier alignment between NR and NB-IoT should be achieved for both DL and UL irrespective of bands.

	Qualcomm
	Proposal 2: RB shift can be considered for the NB-IoT non-anchor carrier for RB grid alignment between NR and NB-IoT.



This issue was discussed in last meeting, and RAN1 made an observation that from RAN1 perspective, no issues were identified that would prevent the coexistence of NR and NB-IoT. 
1.4 Operation mode
Table 4
	MediaTek
	Observation 4: NB-IoT standalone / guard band deployment is more efficient than NB-IoT inband deployment for coexistence with NR as it can use all 14 symbols in subframe.
Proposal 3: NB-IoT standalone / guard band deployment for coexistence with NR is baseline.

	Qualcomm
	Proposal 1: NB-IoT shall be configured with in-band or guard-band mode operation for coexistence with NR.



Two companies discussed the NB-IoT operation mode for coexistence with NR. Which operation mode is configured when NB-IoT would coexists with NR is related to the deployment and has no specifications impact. 
.
Conclusions
[bookmark: _GoBack]It is suggested to consider for approval the following proposals and observations.

Potential proposal 1:
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

Potential observation 1: NB-IoT can coexist with NR by exploiting NR reserved resource mechanisms and dynamic scheduling.
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