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At RAN#83, the Rel-16 work item on additional enhancements for NB-IoT was updated [1]. One of the objectives is to study aspects of FDD/TDD NB-IoT coexistence with NR in RAN1. 
Coexistence with NR
Study aspects of FDD/TDD NB-IoT coexistence with NR [RAN4, RAN1, RAN2]
Agreements on coexistence of NB-IoT with NR in previous RAN1 meetings are listed below [2].
RAN1#94
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#94b
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

RAN1#95
Agreement
RAN1 continues to study the following techniques for performance improvements of NB-IoT resource allocation until the next meeting:
· Resource reservation at symbol level/slot level/subframe level/subcarrier level
· Whether the resource reservation for NB-IoT is dynamic or semi-static (if supported)
· Whether and how to support NB-IoT transmission in a portion of the subframe
· Impact of resource reservation to legacy UEs
· Whether NB-IoT transmission is postponed or dropped in reserved resources
· Whether resource reservation is used for anchor/non-anchors
Conclusion
Overlap of NR SSB with NB-IoT anchor carrier can be avoided.

RAN1#96
For further study in future meeting (including):
· NB-IoT resource reservation on non-anchor carrier to improve the performance of coexistence of FDD/TDD NB-IoT with NR 
· Subframe-level resource reservation in NB-IoT
· Symbol-level resource reservation in NB-IoT
· Slot-level resource reservation in NB-IoT
For further study in future meeting (including):
NB-IoT transmission is dropped/postponed in reserved resources.
Conclusion
From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and FDD/TDD NB-IoT.

RAN1#96b
For further study until RAN1#97:
· RAN1 continues to study finer-granularity NB-IoT resource reservation until RAN1#97.
· Assume that the NB-IoT resource reservation should accommodate at least part of NR initial CORESET, NR CSI-RS and NR TRS.
· The reference case is the existing DL/UL subframe-level NB-IoT resource reservation for TDD NB-IoT. For FDD NB-IoT, the reference case is the existing DL subframe-level NB-IoT resource reservation. 
· Assume that the resource reservation is semi-statically configured. It is FFS whether the eNB can furthermore dynamically override or indicate additional reserved resource via DCI.
· Companies are encouraged to consider the impact on UE complexity for DCI based indication
· Consider whether the time-domain granularity of the NB-IoT valid subframe configuration should be scaled dependent on the NR subcarrier spacing.
· Consider both DL and UL aspects.
· NPDSCH, NPUSCH, NPDCCH
· It is FFS whether and when to drop or postpone NB-IoT transmissions that would fall into NB-IoT reserved resources (if introduced).
Conclusion
RAN1 concludes that overlap between NR SSB and NB-IoT non-anchor carriers can be avoided using the NB-IoT DL valid subframe bitmap.
For further study until RAN1#97:
RAN1 continues to study the aspects of coexistence of NB-IoT and NR using different SCSs.

In this meeting, five contributions [3]-[7] discuss the coexistence of NB-IoT with NR. This contribution summarizes companies’ views and provides potential conclusions. Feature lead recommendations for further work on NB-IoT coexistence with NR in the Rel-16 WI on “Additional enhancements for NB-IoT” are presented for discussion and decision.  
Resource reservation in NB-IoT
Five contributions [3-7] show views on NB-IoT resource reservation to improve the coexistence of NB-IoT with NR.
	Ericsson [3]
	Observation 1	NB-IoT resource reservation with finer granularity than today’s NB-IoT DL subframe bitmap may be beneficial for enabling rate matching around NR resources, such as initial CORESET and SSB.
Observation 2	The performance improvement of NB-IoT by adopting slot-level or symbol-level (instead of subframe-level) resource reservation depends on the CORESET and SSB configurations, number of non-anchor carriers, and the position of NB-IoT anchor and non-anchor carriers inside NR.
Observation 3	The gain of using smaller NB-IoT resource reservation granularity than a subframe-level can be significant in case of having multiple non-anchor NB-IoT carriers.

	Huawei, HiSilicon [4]
	NB-IoT resources can be reserved to avoid this overlap repeatedly with for example NR URLLC services which use a large number of contiguous RBs for a single transmission due to the 10-5 BLER target and tight latency requirements.

	ZTE [5]
	NR SSB occupies 4 symbols in time domain, symbol level resource reservation in non-anchor NB-IoT carriers can be considered to minimize the overlapping impacts.

	Nokia, Nokia Shanghai Bell [6]
	Based on the above discussion, it is seen that NB-IoT reserved resource is beneficial in improving coexistence performance with NR.

	Qualcomm [7]
	To provide better coexistence with NR, finer resource reservation can be considered in NB-IoT. In addition to the subframe level resource reservation, the slot or mini-slot (i.e. 2, 4 or 7 symbols) level resource reservation can be introduced so that NB-IoT transmission in a portion of the subframe is supported.



Two companies [3] [6] see the benefits of NB-IoT resource reservation and one company [3] observes that the gain of NB-IoT resource reservation is significant in case of multiple non-anchor carriers. Three companies [4] [5] [7] consider NB-IoT resource reservation to avoid the overlap between NB-IoT and NR transmissions.

Potential Conclusion#1:
NB-IoT resource reservation is beneficial to improve the coexistence with NR.

In the next sections, several aspects of NB-IoT resource reservation are summarized. 

Resource reservation granularity

	Ericsson [3]
	Observation 4	Bitmap parameters for slot-level or symbol-level resource reservation would require quite many bits for each frame (20 and 140 bits, respectively) in the reservation pattern, and therefore it may be worthwhile to study more efficient signaling means than bitmap parameters.
Proposal 1	NB-IoT resource reservation is considered mainly for non-anchor NB-IoT carriers.
Proposal 2	There is no need to introduce slot-level or symbol-level NB-IoT resource reservation when there is no non-anchor NB-IoT carrier (i.e., only one anchor NB-IoT PRB).
Proposal 3	At least slot-level NB-IoT resource reservation should be introduced for non-anchor carriers to help avoid overlap between multi-carrier NB-IoT and NR CORESET/SSB. It is FFS whether to use a bitmap parameter or some other signaling means.
Observation 6	The performance of NR services (e.g. URLLC) in higher NR SCS cases can be maintained while using the same granularity of NB-IoT resource reservation used for the 15 kHz NR SCS case. 
Proposal 6	The granularity of NB-IoT resource reservation does not need to be scaled according to the NR SCS.

	Huawei, HiSilicon [4]
	Proposal 3: To improve the performance of NB-IoT coexistence with NR, symbol-level and subframe-level resource reservation are further considered. FFS which symbol(s) and subframe(s).
Proposal 4: NB-IoT resource reservation is supported in both DL and UL to improve the performance of NB-IoT coexistence with NR.

	ZTE [5]
	Proposal 4: To improve the coexistence performance of NB-IoT with NR, symbol level resource reservation in non-anchor NB-IoT carriers can be considered to avoid the overlap of NR SSB and NB-IoT transmission in the serving cell.
-	Symbol level resource reservation is semi-statically configured.

	Nokia, Nokia Shanghai Bell [6]
	Proposal 1: NB-IoT reserved resource should be supported to improve coexistence performance with NR.
Proposal 2: Invalid subframe bitmap can be used by legacy UEs to avoid NR transmissions and NB-IoT reserved resources.
Proposal 3: NB-IoT reserved resource can be subframe-level, slot-level, or symbol-level.

	Qualcomm [7]
	Proposal 2: Support finer granularity resource reservation for NB-IoT in Rel-16. The time-domain granularity of the NB-IoT valid subframe configuration can be scaled dependent on the NR subcarrier spacing



One company [3] proposes slot-level or symbol-level NB-IoT resource reservation for NB-IoT non-anchors, with the granularity not scaled according to NR SCS. One company [4] proposes to support NB-IoT resource reservation in both DL and UL, and further consider symbol-level and subframe-level granularity. One company [5] proposes symbol level for NB-IoT non-anchors. One company [6] proposes subframe-level, slot-level or symbol-level. One company [7] proposes the granularity can be scaled according to NR SCS.

Potential Conclusion#2:
Sub-frame/slot/symbol level granularity is considered for NB-IoT resource reservation for non-anchor carriers.

Dropped or postponed resources

	Ericsson [3]
	Proposal 4 NB-IoT transmissions in the new finer-granularity reserved resources are dropped (i.e., not postponed).

	Huawei, HiSilicon [4]
	Proposal 2: Both dropped and postponed NB-IoT transmissions that would fall into NB-IoT reserved resources are supported to improve the performance of NB-IoT coexistence with NR.

	Nokia, Nokia Shanghai Bell [6]
	Proposal 5: NB-IoT transmission can be dropped in reserved resources.

	Qualcomm [7]
	Proposal 4: NB-IoT transmission is postponed for the slot-level reserved resources



Two companies [3], [6] propose to drop NB-IoT transmissions. One company [7] proposes to postpone NB-IoT transmissions for the slot-level reserved resources. One company [4] proposes to support both postpone and drop NB-IoT transmissions.

Potential Conclusion#3:
Dropped/postponed resources associated to a certain granularity are considered for NB-IoT resource reservation.
Semi-static/dynamic resource reservation

	Huawei, HiSilicon [4]
	Proposal 1: Dynamic resource reservation is supported to improve the performance of NB-IoT coexistence with NR.

	ZTE [5]
	Observation 1: semi-statically configured resource reservation cannot resolve the collision caused by URLLC service.
Proposal 5: For NB-IoT coexistence with NR, dynamic signaling in DCI is used to indicate puncturing/interference information to NB-IoT UEs.

	Nokia, Nokia Shanghai Bell [6]
	Proposal 4: NB-IoT reserved resource is semi-static configured. It is for FFS whether the eNB can dynamically override the reserved resource via DCI.

	Qualcomm [7]
	Proposal 3: For unicast transmission, dynamic DCI signalling can be used to indicate which reserved resources are used for the scheduled PDSCH/PUSCH transmission.



One company [4] supports dynamic NB-IoT resource reservation. One company [5] proposes to use DCI to indicate puncturing/interference information to NB-IoT UEs. One company [7] proposes to use DCI to indicate which reserved resources are used. One company [6] proposes to further study the dynamic DCI indication of which resources are reserved. From the expressed views it can be considered to agree the following conclusion, unless further progress can be made during the meeting.

Potential Conclusion#4:
For NB-IoT resource reservation, semi-static configuration is supported. FFS: dynamic DCI signaling. 

UL valid/invalid subframe configuration in FDD NB-IoT
	Ericsson [3]
	Observation 5	Collision between NR and NB-IoT uplink transmissions can be avoided in frequency and/or time domain by the scheduler.
Proposal 5	In FDD, UL valid/invalid subframe configuration can be introduced for NB-IoT.

	Qualcomm [7]
	Proposal 1: Valid UL subframe configuration is supported also for FDD NB-IoT for coexistence with NR



One company [3] observes collision between NR and NB-IoT in uplink can be avoided. Two companies [3] [7] propose to introduce UL valid/invalid subframe configurations for FDD NB-IoT.

Potential Conclusion#5:
UL valid/invalid subframe configurations for FDD NB-IoT is considered.
 
Coexistence of NB-IoT and NR using different SCSs
Two companies [5] [6] show views on coexistence of NB-IoT and NR using different SCSs.

	ZTE [5]
	Proposal 1: For coexistence of NB-IoT with NR, to reduce the negative impact on anchor NB-IoT, non-overlapping dedicated frequency region is reserved for anchor NB-IoT.
Proposal 2: To improve the coexistence performance of NB-IoT with NR, multiple non-anchor carriers are deployed in adjacent PRBs as much as possible.
Proposal 3: For coexistence of NB-IoT and NR with different SCSs, NB-IoT carriers can be deployed in the edge of the NR system.

	Nokia, Nokia Shanghai Bell [6]
	Observation 1: For NR deployment using 30 and 60 kHz SCS, slot-level and symbol-level resource reservation can improve coexistence.
Proposal 6: For NR deployment using 30 and 60 kHz SCS, placement of the NB-IoT carrier may be selected to allow for adequate guard bands and optimally use any excess guard band.



One company [5] proposes to deploy NB-IoT carriers in the edge of the NR system. One company [6] proposes that placement of the NB-IoT carrier may be selected to allow for adequate guard bands and optimally use any excess guard band. These aspects can be further considered during the normative phase in case they impact the specifications. 

Conclusion
Aspects of coexistence of NB-IoT with NR to improve performance are discussed in [3]—[7] and summarized in this feature lead summary. Based on the above analysis, it is the feature lead recommendation to agree and capture the following conclusions in the chairman’s notes, and send an LS to RAN plenary.

Conclusions
Based on the study of aspects of FDD/TDD NB-IoT coexistence with NR, it is RAN1 recommendation to introduce DL/UL resource reservation in NB-IoT for FDD/TDD NB-IoT non-anchor carriers to avoid time and frequency domain resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier. 
Resource reservation in FDD/TDD NB-IoT considers the following aspects:
· sub-frame/slot/symbol level granularity 
· dropped/postponed resources associated to a certain granularity 
· semi-static configuration is supported. FFS: dynamic DCI signaling
· UL valid/invalid subframe configurations for FDD NB-IoT

In order to progress to the normative phase for the introduction of NB-IoT reserved resources, it is the feature lead recommendation to further consider the following:

Agreement:
It is RAN1 recommendation to specify support for DL/UL resource reservation for FDD/TDD NB-IoT non-anchor carriers, and consider
· sub-frame/slot/symbol level granularity 
· dropped/postponed resources associated to a certain granularity 
· semi-static configuration of reserved resources (dynamic DCI signaling can be also discussed)
· UL valid/invalid subframe configurations for FDD NB-IoT
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