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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. One of the objectives [1] in this work item is to study aspects of FDD/TDD NB-IoT coexistence with NR shown below. 

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
· 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.

In RAN1#94, #94b, #95, #96, #96bis meeting, the observation, conclusions and agreements below for NB-IoT coexistence with NR were reached. This contribution further discusses enhancements for improving the performance of coexistence of NB-IoT with NR.

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 #94bis
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
Conclusion
From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and FDD/TDD NB-IoT
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.

RAN1#96BIS
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.

Resource reservation in NB-IoT
One of the topics for further study regarding resource reservation in NB-IoT is whether the eNB can furthermore dynamically override or indicate additional reserved resource via DCI while considering the impact on UE complexity for DCI based indication. Generally in NB-IoT, the transmission would last for a long time, especially for deep coverage NB-IoT UEs. It would then be possible to have a collision between NR and NB-IoT transmissions especially when multiple NB-IoT non-anchor carriers are configured. So some 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. Clearly there is no need to reserve NB-IoT resources if there is no NR transmission. It is then preferred to allow to reserve NB-IoT resources dynamically. Considering the impact on UE complexity for DCI based indication, a simple way is to configure resources by higher layer signaling instead of DCI, and use DCI to indicate to the NB-IoT UE whether this resources are reserved or not.
Proposal 1: Dynamic resource reservation is supported to improve the performance of NB-IoT coexistence with NR.

When the resources in NB-IoT are indicated to be reserved, it means that NB-IoT UEs cannot use such resources. In last meeting, it is FFS whether and when to drop or postpone NB-IoT transmissions that would fall into NB-IoT reserved resources (if introduced). From a detection performance point of view, it is preferred to use the postponed operation although it may increase the latency, because the detection performance is not impacted. However, if resource reservation is based on symbol-level, e.g. 2 symbols, the postponed operation would result in wasting resources since generally NB-IoT transmission e.g. NPDSCH/NPUSCH, is based on subframe level. In this case, the dropped operation may be a good choice. If only dropped operation is used, it may impact the detection performance if lots of symbols are dropped or the symbol carrying NRS in downlink or DMRS in uplink is dropped. If resource reservation is based on subframe-level, then postponed can be considered. Thus, both postponed and dropped operation in reserved resources can be considered.
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.

In RAN1#96bis meeting, it is for further study the finer-granularity NB-IoT resource reservation with the assumption that it should accommodate at least part of NR initial CORESET, NR CSI-RS and NR TRS. For NR initial CORSET associated with Type0-PDCCH CSS sets, the number of consecutive RBs  can be configured as 24, 48 or 96, the number of consecutive symbols  can be configured as 1, 2 or 3 (shown in table 13-1 in the appendix copied from 38.213 section 13). Thus it is possible to use symbol-level NB-IoT resource reservation to avoid collision with CORSET 0. But the start position (including starting slot, starting symbol), number of consecutive slots, and period of CORSET 0 is related to the multiplexing pattern between SSB and CORESET, SSB index . For instance, for multiplexing pattern 1, the starting symbol index of the CORESET 0 can be 0 and  depending on SSB index  (shown in table 13-11 in the appendix copied from 38.213 section 13), which means that there may have two Type0-PDCCH CSS sets in a slot from gNB perspective. Thus more than 3 symbols in a subframe in NB-IoT may need to be reserved for CORESET 0 considering that each SSB index  would corresponding to a CORESET 0. Thus it would be necessary to also consider subframe-level resource reservation. And generally NB-IoT transmission is based on subframe level.
For NR CSI-RS, the number of symbols can be configured as 1, 2 and 4 in a slot and the period can be configured from 4 slots to 640 slots. Thus it is possible to use symbol-level NB-IoT resource reservation to avoid collision with NR CSI-RS. For NR TRS, it is actually a CSI-RS used for tracking, so it is almost the same with CSI-RS in resources.
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).

In last meeting, it is FFS NB-IoT resource reservation in both DL and UL. Since the collision between NB-IoT and NR would be happen in both DL and UL, so it is preferred to support NB-IoT resource reservation in both DL and UL.
Proposal 4: NB-IoT resource reservation is supported in both DL and UL to improve the performance of NB-IoT coexistence with NR.
[bookmark: _GoBack]
The reserved resource mechanism for NB-IoT is forward compatible. The eNB can configure some resources as reserved resources for Rel-16 NB-IoT UEs and/or for beyond Rel-16 UEs. In this way eNB does not need to handle the collision issue between Rel-16 transmission and beyond Rel-16 transmission, which would complicate the scheduling and may impact the resource efficiency of NB-IoT.
Conclusion
In this paper, we discuss the coexistence of FDD/TDD NB-IoT and NR. Some additional NB-IoT enhancements are discussed.
Proposal 1: Dynamic resource reservation is supported to improve the performance of NB-IoT coexistence with NR.
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.
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.
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Appendix
Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR1
	Index
	

	Number of search space sets per slot
	

	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	2
	2
	1
	1
	0

	3
	2
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	6
	7
	1
	1
	0

	7
	7
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	8
	0
	1
	2
	0

	9
	5
	1
	2
	0

	10
	0
	1
	1
	1

	11
	0
	1
	1
	2

	12
	2
	1
	1
	1

	13
	2
	1
	1
	2

	14
	5
	1
	1
	1

	15
	5
	1
	1
	2



image2.wmf
CORESET

symb

N


oleObject2.bin

image3.wmf
O


oleObject3.bin

image4.wmf
M


oleObject4.bin

image5.wmf
i


oleObject5.bin

oleObject6.bin

image6.wmf
i


oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

image1.wmf
CORESET

RB

N


oleObject1.bin


3GPP TSG RAN WG1 Meeting #


9


7


 


R1


-


19


05974


 


Reno


, 


USA


, 


May 13


-


 


17


, 201


9


 


 


Agenda Item:


 


6


.


2


.


2


.


4


 


Source:


 


Huawei, HiSilicon


 


Title:


 


Performance enhancements for NB


-


IoT coexistence with NR


 


Document for:


 


Discussion and decision


 


 


1


 


Introduction


 


At RAN#


8


3


, the


 


Rel


-


16


 


work item 


on


 


additional 


en


hancements for NB


-


IoT was 


updated


.


 


One of the 


objectives 


[1] 


in this work item is 


to


 


s


tudy 


aspects


 


of


 


FDD/TDD


 


NB


-


IoT


 


coexistence


 


with NR


 


shown below


.


 


 


 


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 Blo


ck 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


 


Channel 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 NB


-


IoT and NR


 


o


 


Testability 


applicable 


to RF


 


o


 


Coexistence be


tween 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.


 


 


I


n RAN1#94


, 


#94


b


, 


#95


,


 


#96


, #96bis


 


meeting


, the observation


, conclusions


 


and agreements 


below 


for 


NB


-


IoT 


coexistence with NR were reached.


 


This contribution further discusses enhancements for improving 


the performance of coexistence of NB


-


IoT with NR.


 


 


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 #94bis


 


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:


 




3GPP TSG RAN WG1 Meeting # 9 7   R1 - 19 05974   Reno ,  USA ,  May 13 -   17 , 201 9     Agenda Item:   6 . 2 . 2 . 4   Source:   Huawei, HiSilicon   Title:   Performance enhancements for NB - IoT coexistence with NR   Document for:   Discussion and decision     1   Introduction   At RAN# 8 3 , the   Rel - 16   work item  on   additional  en hancements for NB - IoT was  updated .   One of the  objectives  [1]  in this work item is  to   s tudy  aspects   of   FDD/TDD   NB - IoT   coexistence   with NR   shown below .       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 Blo ck 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   Channel 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 NB - IoT and NR   o   Testability  applicable  to RF   o   Coexistence be tween 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.     I n RAN1#94 ,  #94 b ,  #95 ,   #96 , #96bis   meeting , the observation , conclusions   and agreements  below  for  NB - IoT  coexistence with NR were reached.   This contribution further discusses enhancements for improving  the performance of coexistence of NB - IoT with NR.     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 #94bis   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:  

