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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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. [bookmark: _Hlk516692042]Coexistence with NR
· Study aspects of FDD/TDD NB-IoT coexistence with NR [RAN4, RAN1, RAN2]

· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following: [RAN4]
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· [bookmark: _Hlk522858168]Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR
· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR
· Synchronization issue between NR and NB-IoT, including timing advance
· Frequency band support in NB-IoT and NR
· Testability applicable to RF
· Coexistence between R15 NR and R13/R14/R15 NB-IoT.
Note: After RAN1 concludes the objective on R16 NB-IoT coexistence aspects, evaluate coexistence between R15 NR and R16 NB-IoT.


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.

In this meeting, there are six contributions [3]-[8] discussing the coexistence of NB-IoT and NR. This contribution summarizes the views and observations/proposals from all companies.

Resource reservation in NB-IoT 
In this meeting, six companies [6-11] 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 1.
Table 1: Views on resource reservation in NB-IoT 
	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 for example initial CORESET, CSI-RS and TRS.
Proposal 1	RAN1 considers suitable mechanisms for reserving resources in NB-IoT to accommodate at least part of NR initial CORESET, NR CSI-RS and NR TRS. It should be clarified if the existing subframe-level NB-IoT resource reservation is enough.
Observation 1 The amount of resources available for NB-IoT when coexisting with NR depends on the resource reservation scheme in NB-IoT, the NR system bandwidth, as well as NR CORESET and SSB patterns. 
Observation 2 For 10 MHz NR system bandwidth, maximum CORESET repetition, and using subframe-level NB-IoT resource reservation, only around 7% of the resources are available for NB-IoT. With slot-level and symbol-level NB-IoT resource reservation, the NB-IoT resource availability can increase up to 50% and 91%, respectively.
Proposal 2 Improved resource availability for NB-IoT can be achieved if NB-IoT resource reservation with finer granularity than one subframe is supported.
Proposal 3	NB-IoT transmissions in reserved resources may be dropped particularly when low-complexity scheduling is required.

	Huawei, HiSilicon [4]
	Observation 1: Overlap of NR SSB and NB-IoT non-anchor carrier(s) can be avoided, e.g. by choosing an appropriate value of GSCN and EARFCN, to support the coexistence of NR and NB-IoT.
Observation 2: Overlap of NR CORESET and NB-IoT carrier(s) can be avoided, e.g. by allocating different resources in frequency domain, to support the coexistence of NR and NB-IoT.
Observation 3: NR SSB would collide with NRS if a NB-IoT non-anchor carrier is placed within a NR SSB.
Proposal 1: To improve the performance of NB-IoT coexistence with NR, 
· Dynamic resource reservation is supported.
· NB-IoT UE can be configured with postponed or dropped operation in reserved resources.
· Resource reservation is used for NB-IoT non-anchor carriers. 
· Symbol-level and subframe-level resource reservation are further considered.

	MediaTek [5]
	Proposal 3: Resource reservation at symbol level, slot level, or subcarrier-level for NR is not supported.
Observation 1: Semi-static reservation of a portion of a valid or an invalid subframe for NR is not backward compatible and requires rel-16 UE to rate matching around partial NPDSCH or NPUSCH within a subframe.
Observation 2: Semi-static resource reservation with invalid subframes via DL-Bitmap-NB-r13 is backward compatible with for legacy NB-IoT.
Proposal 4: Reserving a portion of a subframe for NR is not supported.
Observation 3: Dynamic resource reservation for NB-IoT is not backward compatible.
Observation 4: Dynamic resource reservation for NB-IoT requires Rel-16 NB-IoT to monitor DCI to determine if future subframes are valid, then monitor another DCI in valid subframes to get DL assignment or UL grant. 
Proposal 5: Dynamic resource reservation for NB-IoT is not supported.

	Nokia, Nokia Shanghai Bell [6]
	Observation 1: 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.
Observation 2: Invalid subframe bitmap can be used by legacy UEs to avoid NR transmissions and NB-IoT reserved resources.
Observation 3: NB-IoT reserved resource can be subframe-level, slot-level, or symbol-level.
Observation 4: NB-IoT reserved resource is semi-static configured. It is for FFS whether the eNB can dynamically override the reserved resource via DCI.
Observation 5: NB-IoT transmission can be dropped in reserved resources.

	ZTE [7]
	Proposal 3: 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.
Proposal 4: For NB-IoT coexistence with NR, dynamic signaling in DCI is used to indicate downlink puncturing information to NB-IoT UEs.

	Qualcomm [8]
	Observation 1: Resource reservation at subframe level for NB-IoT may not efficiently support NR URLLC. 
Proposal 1: For TDD NB-IoT coexistence with NR, the slot or symbol level resource reservation shall be supported to allow NB-IoT transmission in a portion of the subframe.
Observation 2: Reserving fixed resources for NB-IoT may not efficiently support dynamic TDD for NR. 
Proposal 2: Support resource reservation for NB-IoT using flexible NR resources.
Proposal 3: Valid UL subframe configuration can be configured also for FDD NB-IoT for coexistence with NR.
Proposal 4: The time domain granularity of the valid subframe configuration for Rel-16 NB-IoT UE can also include 0.5ms, 0.25ms or 0.125ms dependent on the subcarrier spacing of NR.



From the expressed views, companies think that resource reservation for NB-IoT is beneficial to improve coexistence with NR. All companies agree to consider resource reservation at sub-frame level. The majority of companies agrees to consider slot-level and symbol-level reservation, but there is no consensus. Backward compatibility is presented as the limiting factor to the introduction of finer granularity than sub-frame level. On the other hand when using slot or symbol-level resource reservation for NB-IoT, the resource availability for NB-IoT is substantially increased.  It is then suggested to further discuss 
· [bookmark: _GoBack]Slot-level and symbol-level resources reservation.
From the outcome of the above discussion, we can draw conclusions about RAN1 consideration in supporting resource reservation for NB-IoT, and can better define the focus in RAN1#97. 
 
In some contributions it is discussed if the resource reservation is semi-static or dynamic. This seems to be a second-level detail, however we may discuss this in this meeting depending on the progress of the discussion on the granularity of the resource reservation for NB-IoT. 

An agreement can be considered to steer progress in the next meeting. The intention is to update it after discussions during this meeting.

For further study in RAN1#97:
· To improve the performance of coexistence of NB-IoT and NR, RAN1 continues to study NB-IoT resource reservation granularity considering NR CORESET, NR CSI-RS, NR TRS, different NR bandwidth, NR SSB.

Resource reservation in NR
	MediaTek [5]
	Proposal 1: Semi-static resource reservation is used for anchor/non-anchors with 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 2: Semi-static resource reservation is used for anchor/non-anchors with 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 [7]
	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.



Some companies show views on how to reserve NR resources for NB-IoT. In [8] it is proposed semi-static resource reservation with RE-level rate-matching for NRS, and semi-static resource reservation for NPSS, NSSS, NPBCH, SIB1-NB, NPDCCH, NPDSCH for anchor and non-anchor. In [10] it is supported that non-overlapping frequency regions are deployed for anchor NB-IoT and NR. Also, when deploying multiple NB-IoT carriers in NR, NB-IoT non-anchor carriers are deployed in adjacent PRBs.

It is suggest to further discuss. 

Coexistence of NB-IoT and NR using higher subcarrier spacing than 15-kHz
Two companies [6] [9] show views on coexistence of NB-IoT and NR with higher subcarrier spacing than 15-kHz.
	Ericsson [3]
	Proposal 4	For higher NR SCS cases, a smaller granularity (slot-level or symbol-level) should be considered for NB-IoT resource reservation.

	Nokia, Nokia Shanghai Bell [6]
	Observation 6: 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.



Based on the inputs above, it is suggested  

For further study in RAN1#97:
· RAN1 continues to study the aspects of coexistence of NB-IoT and NR using different SCS, with higher priority given to 15kHz and then to 30kHz.

Conclusion
Aspects of coexistence of NB-IoT with NR to improve performance are addressed in [5]—[10]. A summary of companies’ views is given in the above Sections, and potential agreements are proposed. 

[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref387394383][bookmark: _Ref457225889]RP-190757	WID revision: Additional enhancements for NB-IoT, Huawei, Shenzhen, China, March 2019.
[2] R1-1903665	RAN1 agreements for Rel-16 Additional Enhancements for NB-IoT, Huawei 
[3] R1-1903894	Coexistence of NB-IoT with NR	Ericsson
[4] R1-1903912	Performance enhancements for NB-IoT coexistence with NR	Huawei, HiSilicon
[5] R1-1904159	Coexistence of NB-IoT with NR	MediaTek Inc.
[6] R1-1904179	Coexistence of NB-IoT with NR	Nokia, Nokia Shanghai Bell
[7] R1-1904354	Coexistence of NB-IoT with NR	ZTE
[8] R1-1904529	Coexistence of NB-IoT with NR	Qualcomm Incorporated


3GPP TSG RAN WG1 Meeting #


9


6


bis


 


R1


-


19


05539


 


Xi’an, China, April 8


-


 


12, 2019


 


 


Agenda Item:


 


6.2.2.4


 


Source:


 


Huawei, HiSilicon


 


Title:


 


Feature lead summary of Coexistence of NB


-


IoT with NR


 


Document for:


 


Discussion and decision


 


 


 


1


 


Introduction


 


At RAN#


83


, the


 


Rel


-


16


 


work item 


on


 


additional 


en


hancements for NB


-


IoT was 


updated


 


[1]. 


One of the 


objectives is 


to


 


s


tudy 


aspects


 


of 


FDD/TDD 


NB


-


IoT


 


coexistence


 


with NR


 


in RAN1


. 


 


Agreements on


 


c


oexistence of NB


-


IoT with NR


 


in 


previous RAN1 meetings


 


are listed below [2]


.


 


R


AN1#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.


 


 


R


AN1#94b


 


Agreement 


 


The follo


wing 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


 


 


Coexistence with NR


 


·


 


Study aspects of FDD/TDD NB


-


IoT coexistence with NR [RAN4, RAN1, RAN2]


 


 


·


 


For 


NB


-


IoT in


-


band, guard band and standalone operation co


-


existence with NR


, including the case of 


NR 


configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101


-


1, 


investigate the following: [RAN4]


 


o


 


15KHz, 30KHz, and 60KHz numerologies for NR 


FR1 concerned bands


, with higher priority 


given first to 15kHz and then to 30kHz


 


o


 


Cha


nnel raster, PRB and subcarrier grid


 


alignment between NB


-


IoT and NR


 


o


 


Study feasible 


NB


-


IoT carrier


(


s


) placement allocation 


without RF backward compatibility 


impact and compatible with Rel’13 NB


-


IoT and Rel’15 NR, to operate simultaneously within 


various NR


 


channel bandwidths


 


o


 


Study if the +6dB downlink RE power boosting can still be allowed for both in


-


band and guard 


band operation modes when co


-


existing with NR


 


o


 


Synchronization 


issue 


between NR and NB


-


IoT, including timing advance


 


o


 


Frequency band support in N


B


-


IoT and NR


 


o


 


Testability 


applicable 


to RF


 


o


 


Coexistence between R15 NR and


 


R13/R14/R15 NB


-


IoT.


 


Note: 


After RAN1 concludes the objective on R16 NB


-


IoT coexistence aspects, evaluate coexistence 


between R15 NR and


 


R16 NB


-


IoT.


 


 




3GPP TSG RAN WG1 Meeting # 9 6 bis   R1 - 19 05539   Xi’an, China, April 8 -   12, 2019     Agenda Item:   6.2.2.4   Source:   Huawei, HiSilicon   Title:   Feature lead summary of Coexistence of NB - IoT with NR   Document for:   Discussion and decision       1   Introduction   At RAN# 83 , the   Rel - 16   work item  on   additional  en hancements for NB - IoT was  updated   [1].  One of the  objectives is  to   s tudy  aspects   of  FDD/TDD  NB - IoT   coexistence   with NR   in RAN1 .    Agreements on   c oexistence of NB - IoT with NR   in  previous RAN1 meetings   are listed below [2] .   R AN1#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.     R AN1#94b   Agreement    The follo wing 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    

Coexistence with NR      Study aspects of FDD/TDD NB - IoT coexistence with NR [RAN4, RAN1, RAN2]        For  NB - IoT in - band, guard band and standalone operation co - existence with NR , including the case of  NR  configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101 - 1,  investigate the following: [RAN4]   o   15KHz, 30KHz, and 60KHz numerologies for NR  FR1 concerned bands , with higher priority  given first to 15kHz and then to 30kHz   o   Cha nnel raster, PRB and subcarrier grid   alignment between NB - IoT and NR   o   Study feasible  NB - IoT carrier ( s ) placement allocation  without RF backward compatibility  impact and compatible with Rel’13 NB - IoT and Rel’15 NR, to operate simultaneously within  various NR   channel bandwidths   o   Study if the +6dB downlink RE power boosting can still be allowed for both in - band and guard  band operation modes when co - existing with NR   o   Synchronization  issue  between NR and NB - IoT, including timing advance   o   Frequency band support in N B - IoT and NR   o   Testability  applicable  to RF   o   Coexistence between R15 NR and   R13/R14/R15 NB - IoT.   Note:  After RAN1 concludes the objective on R16 NB - IoT coexistence aspects, evaluate coexistence  between R15 NR and   R16 NB - IoT.    

