3GPP TSG RAN WG1 Meeting #96bis	R1-1903912
Xi’an, China, April 8- 12, 2019

Agenda Item:	6.2.2.4
Source:	Huawei, HiSilicon
Title:	Performance enhancements for NB-IoT coexistence with NR
Document for:	Discussion and decision

[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. [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.


In RAN1#94, #94b, #95 and #96 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

RAN1 #94 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

RAN1 #95 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.


Mechanism supporting coexistence
In RAN1#94bis, it was agreed to study the overlap of NR SSB with NB-IoT. And in RAN1#96 meeting, it was concluded that overlap of NR SSB with NB-IoT anchor carrier can be avoided e.g. by using different PRBs for NR SSB and NB-IoT anchor carrier. 
For the NB-IoT non-anchor carrier, its downlink carrier frequency is determined by EARFCN and an offset around channel raster in the frequency domain, which is shown in the equation below excerpt from TS 36.104 section 5.7.3 [2]. The value range of EARFCN and the offset is 0-262143, {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9} respectively. The carrier frequency of NB-IoT in the downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 – 262143 and the Offset of NB-IoT Channel Number to EARFCN in the range {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9}. The relation between EARFCN, Offset of NB-IoT Channel Number to EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL is the downlink carrier frequency of NB-IoT, FDL_low and NOffs-DL are given in table 5.7.3-1, NDL is the downlink EARFCN, MDL is the Offset of NB-IoT Channel Number to downlink EARFCN.
	FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)


In NR, the SS/PBCH block is placed in the synchronization raster SSREF which is determined by GSCN (Global Synchronization Channel Number) as shown in Table 1 below [3]. The range of GSCN is 2-26639. Thus to avoid the overlap of NR SSB with NB-IoT non-anchor carrier it is needed to choose the appropriate value of GSCN and EARFCN in the frequency domain. 
Table 1: GSCN parameters for the global frequency raster
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz 
N= 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz 
N= 0:4383
	22256 + N
	22256 – 26639

	NOTE:	The default value for operating bands with SCS spaced channel raster is M=3.



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.

In NR, the frequency domain resources of a CORESET in the DL BWP are configured by a bitmap with 45 bits, and each bit corresponds to a group of 6 consecutive PRBs. The contiguous time duration of the CORESET in number of symbols can be 1, 2 and 3, and is configured by gNB. In general, NB-IoT carriers can be deployed in the PRBs which are not occupied by the NR CORESET in the frequency domain to enable the coexistence of NB-IoT with NR. It is also possible to deploy NB-IoT carriers within the NR CORESET by setting the corresponding bit in RB level bitmap (higher layer parameter resourceBlocks given by RateMatchPattern) to 1, so that the NR UE would not monitor the NR PDCCH candidate if the NR PDCCH candidate is mapped to one or more subcarriers that overlap with NB-IoT. The corresponding NR specification is below.TS 38.213 Section 10.1
If a UE is provided resourceblocks and symbolsInResourceBlock in RateMatchPattern, or if the UE is additionally provided periodicityAndPattern in RateMatchPattern, the UE can determine a set of RBs in symbols of a slot that are not available for PDSCH reception as described in [6, TS 38.214]. If a PDCCH candidate in a slot is mapped to one or more subcarriers that overlap with subcarriers of any RB in the set of RBs in symbols of the slot, the UE does not expect to monitor the PDCCH candidate.

For the initial CORESET, i.e. CORESET 0, its bandwidth can be 24, 48 and 96 PRBs and the number of symbols can be 1, 2 and 3 which can be configured by NR MIB. It is possible to avoid the overlap of NB-IoT with CORESET 0 in the frequency domain for large NR channel bandwidth e.g. 20MHz. For smaller NR channel bandwidth, e.g. 5MHz with 25RBs, the overlap may be avoided in the time domain, i.e. by configuring the subframes occupied by NR CORESET 0 as invalid NB-IoT subframes. This has a cost in terms of resources because at most 3 symbols are occupied by NR CORESET 0 but the remaining symbols cannot be used by NB-IoT UEs.
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.
Potential enhancements
3.1	Resource reservation in NB-IoT
It was agreed to further study resource reservation in NB-IoT to improve the performance of coexistence of NB-IoT with NR. One benefit for resource reservation in NB-IoT is to avoid the collision between NB-IoT transmission and NR transmissions. In current NB-IoT system, there are multiple non-anchor carriers (i.e. multiple 180 kHz PRBs) for unicast, paging and RACH that can be placed within the whole NR CC (Component Carrier) bandwidth. When multiple NB-IoT UEs are scheduled in multiple NB-IoT carriers, the NR transmissions should avoid the collision with NB-IoT transmissions. Generally, the NB-IoT transmission would last for a long time, especially for deep coverage NB-IoT UEs. In this case, some NB-IoT resources can be reserved to avoid overlapping with NR transmissions repeatedly, especially for 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 reserve NB-IoT resources dynamically. A simple way is to use DCI to indicate to the NB-IoT UE whether the resource is reserved or not.
For resource reservation at symbol level/slot level/subframe level/subcarrier level, NR supports slot based scheduling, and mini-slot (2 symbols, 4 symbols and 7 symbols) based scheduling for URLLC to satisfy its tight latency requirement. Symbol level resource reservation in NB-IoT can be used to avoid overlapping with NR URLLC data transmissions. Slot level resource reservation in NB-IoT can be realized by symbol-level resource reservation using 7 symbols. Generally NB-IoT transmission is based on subframe level, so subframe level resource reservation can also be considered. For subcarrier level, since NR does not support RE level resource allocation, it is not helpful for NR transmissions.
When NB-IoT resources are reserved, it means that NB-IoT UEs cannot use such resources. Two operations can be considered for reserved resources: postponed or dropped. From 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 the reference signal is dropped. Thus, both postponed and dropped operation in reserved resources can be supported in the specifications, and configured by eNB. 
In NB-IoT, the anchor carrier resources occupied by NPSS/NSSS/NPBCH cannot be reserved because this would impact the performance. Legacy NB-IoT UEs measure NRSRP through NRS transmitted on the anchor carrier. If the resources occupied by NRS on anchor carrier is reserved, then the NRSRP measurement of legacy NB-IoT UEs would be impacted. For non-anchor carriers, there is no such issue. Thus it is preferred to support resource reservation only for non-anchor carriers.
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.
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.

3.2 Overlap of NR SSB with NB-IoT
If a NB-IoT carrier is placed outside of NR SS/PBCH block PRBs, then no overlap exists. If a NB-IoT carrier is placed within NR SSB block, the resources occupied by NR SSB cannot be used by NB-IoT UEs, and can be reserved by a resource reservation mechanism as discussed in Section 3.1. The resources within the NR SSB block which are not occupied by NR transmissions can still be used by NB-IoT UEs.
If a NB-IoT non-anchor carrier is placed within NR SS/PBCH block to improve the NB-IoT deployment flexibility in coexistence with NR, then the collision between NRS and NR SS/PBCH should be considered. In NB-IoT, NRS occupies the last 2 symbol (6th, 7th symbol) of a slot while NR SS/PBCH can be transmitted in 6th symbol of the first slot. Thus the NRS in 6th symbol of the first slot in a subframe would collide with NR SS/PBCH. One way is to make this subframe as an invalid NB-IoT subframe to avoid impact to NR SS/PBCH transmission, but because the period of NR SS/PBCH and NB-IoT downlink valid subframe configuration period may not be the same, some NB-IoT resources would be wasted. Note that this overlap can be avoided based on the discussion above, so it may be unnecessary to allow this overlap.
Observation 3: NR SSB would collide with NRS if a NB-IoT non-anchor carrier is placed within a NR SSB.
 
Conclusion
In this paper, we discuss the coexistence of FDD/TDD NB-IoT and NR. Some additional NB-IoT enhancements including resource reservation and overlap with SSB/NR CORESET issue for improving the performance of coexistence of NB-IoT with NR are discussed.
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.
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.
Observation 3: NR SSB would collide with NRS if a NB-IoT non-anchor carrier is placed within a NR SSB.
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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.    

RAN1#94 Observation   From RAN1 perspective, no issues were identified that would prevent the  coexistence of NR and NB - IoT     RAN1 #94 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  

