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Introduction

In the RAN4#90bis meeting, there were extensive discussions on the NR and NB-IoT coexistence issues and WF [1] was approved for further study. In this contribution, we want to share some consideration on the open issues for NR and NB-IoT coexistence. 
Discussion 
2.1 Backward compatibility issue
	lWF on system scenarios
•To clarify the current definition of NB-IoT operation modes when NB-IoT is deployed within NR  channel bandwidth, including when spectrum is refarmed from E-UTRA to NR
-whether NB-IoT in-band or guard band operation without a hosting E-UTRA carrier would have backward compatibility impact on Rel’13/14/15 NB-IoT UE, which may expect the presence of a hosting E-UTRA carrier, especially for NB-IoT in-band operation


During the last meeting, there were some discussions on the definition or compatibility issues when LTE in-band NB-IoT migrated from LTE to NR carrier. In LTE system, the legacy NB-IoT UE could still utilize the LTE CRS signals for RRM measurement or other functionality if network configuration is still in-band mode. However for NR system, even though NB-IoT is within NR carrier and occupy some appropriate PRBs and there are no CRS signals within NR carrier anymore, if in this case, the NB-IoT operating mode is still configured as in-band mode which might cause the confusion and backward compatibility issue. Therefore there are two approaches available on the table how to configure this case when NB-IoT PRB is within NR carrier, one is guard band mode and another one is standalone mode. For the guard band mode, this might also cause some confusion as explained later, it might be not possible to deploy the NB-IoT within NR guardband due to NR’s much higher SU compared with LTE SU. Based on the above considerations, we propose to configure the standalone mode for LTE in-band NB-IoT and guardband NB-IoT when it’s migrated from LTE to NR carrier. 
Proposal 1: configure standalone mode for LTE in-band NB-IoT and guardband NB-IoT when it’s migrated from LTE to NR carrier.   
2.2 Power boosting for in-band and guardband NB-IoT in NR 

	lWF on power boosting
•Further investigate if currently specified power boosting could be supported, including when NB-IoT is located at NR edge positions for any channel bandwidth.
•At least 3dB (currently specified RE power dynamic range) power boosting should be feasible.


For in-band NB-IoT operation within LTE CBW, power boosting level +6dB are specified as minimum requirement. In addition, for the guardband NB-IoT operation, the same power boosting level are specified except for 5MHz E-UTRA CBW depending on the vendor’s declaration. If we apply the same principle specified for LTE to NR, then there are some potential risk on OBUE performance as clarified in the following reasons. 

Firstly, as well known that, NR SU has been improved aggressively compared with LTE SU 90%, however during the NR SU discussion, in-band /guardband power boosting for NB-IoT operation has not been discussed or touched at all. In fact, some in-band edge PRBs in NR should be guard band in LTE, if applying +6dB power boosting for these PRBs, then OBUE requirement might be not fulfilled anymore. For example 20MHz, additional three PRBs in each LTE guardband would become in-band PRBs for NR carrier with power boosting +6dB, however for guardband NB-IoT operation in LTE, there are no explicit requirements on the PRB numbers which means there will be more stringent requirement defined for NR compared with LTE. 

Secondly, it could be known that power boosting +3dB at edge PRBs is still lower than +6dB power boosting for in-band NB-IoT operation.

As shown in Figure 1/2/3, some initial simulation results for NR SEM mask are provided, as it could be found that peak boosting PRBs will cause slightly higher emission mask in the adjacent channel. Meanwhile the EVM performance should also been evaluated as some signal distortion might be caused after the PA. 
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Figure 1. 20MHz without power boosting for edge PRBs
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Figure 2. 20MHz with +6dB power boosting for edge PRBs
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Figure 3. 20MHz with +6dB power boosting for edge PRBs
Proposal 2: to further investigate the power boosting level for in-band NB-IoT within NR carrier from both OBUE and EVM performance. 
2.3 NB-IoT operating in NR guardband 
As mentioned before NR SU has been increased aggressively compared with LTE SU, therefore to deploy NB-IoT within NR guardband would further tighten the UEM requirement. Meanwhile considering the power boosting is also necessary for cell coverage enhancement in the NR guardband if it’s deployed which could further tighten the UEM requirement at the end. Based on the above considerations, NB-IoT deployed in the NR guardband is not preferred. 
Proposal 3: NB-IoT deployed in the NR guardband is not preferred. 
2.4 TAGs misalignment 

TAGs misalignment due to different DL timing between NR and NB-IoT or uplink TAGs misalignment between NR and NB-IoT should be avoided by the implementation. For example, different BBU and AAU are designed to support the NR and NB-IoT, then the different clock timing might cause uplink TAGs misalignment which should be avoided by sharing BBU and AAU to reduce timing difference, however this could be totally left to the implementation instead of specification. In the uplink, different TA estimation and accuracy between NR and NB-IoT, these might also cause the TAGs misalignment, however this should be also avoid similar as what has been did for LTE with in-band/guardband NB-IoT operation.  

Proposal 4: TAGs misalignment could be avoided similar as what did for LTE with in-band/guardband NB-IoT operation, regardless caused by DL timing difference between NR and NB-IoT or UL timing estimation errors between NR and NB-IoT. 

2.5 TDD configuration for sync between NR and in-band NB-IoT 
As mentioned in the contribution [6], TDD configuration for NB-IoT operation can also be configured by flexible NR slot configuration, therefore we think sync between the NR and in-band NB-IoT can still be guaranteed. Here one example used in the conformance testing are clarified in details. 

For E-UTRA TDD configuration with NB-IoT operating in-band and/or guard band, it was approved that the E-UTRA TDD test models is defined by 5ms switch period, uplink/downlink configuration 1 and the special subframe configuration 8, i.e. uplink/downlink subframe ratio is 3:6, DwPTS = 11 symbols, GP = 1 symbols, UpPTS = 2 symbols. The detailed E-UTRA TDD configuration is illustrated in the Figure 4.
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Figure 4. uplink/downlink configuration for E-UTRA TDD test model (2 frames for conformance testing)

According to NR slot configuration, some UE specific dedicated configuration are used to override the flexible slots configured by the tdd-UL-DL-Configuration. For different SCS, the same ratio of DL and UL are assumed to be configured, therefore based on the following Figure 4/5, the DL,UL and special subframe are configured by the UE specific configuration.
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Figure 5. uplink/downlink configuration for E-UTRA TDD test model (2 frames for conformance testing)

[image: image6.png]S: 11DLAGP:2UL
7 s:220L26P4UL
S: 44DLAGPBUL





Figure 6. the downlink and uplink configuration for different SCSs

The detailed TDD configurations proposed in the Figure4/5 could be summarized in the following table:

Table 3. Uplink-downlink configurations for FR1

	SCS [KHz]
	15
	30
	60

	tdd-UL-DL-Configuration, SIB1
	

	uref [KHz], referenceSubcarrierSpacing
	15
	30
	60

	P [ms],dl-UL-TransmissionPeriodicity
	5
	5
	5

	dslots , nrofDownlinkSlots
	1
	2
	4

	dsym ,nrofDownlinkSymbols
	0
	0
	0

	Uslots ,nrofUplinkSlots
	0
	0
	0

	usym, nrofUplinkSymbols
	0
	0
	0

	tdd-UL-DL-ConfigDedicated
	

	slotIndex
	1
	3 
	7

	nrofDownlinkSymbols
	11
	8
	2

	nrofUplinkSymbols
	2
	4
	8

	slotIndex
	2,3
	4,5,6,7
	8,9,10,11,12,13,14,15

	symbols
	allUplink
	allUplink
	allUplink

	slotIndex 
	4
	2,8,9
	4,5,6,16,17,18,19

	symbols
	allDownlink
	allDownlink
	allDownlink

	Note: slot configuration are defined in the TS38.213and high layer parameters in SIB1 information are defined the TS38.331. 

Note: slot index is starting from 0; 


Observation 2: TDD configuration for NB-IoT operation can also be configured by flexible NR slot configuration, therefore sync between NR and in-band/guardband NB-IoT can still be guaranteed.   

Conclusions
In this contribution, we shared some consideration on the open issues for NR and NB-IoT coexistence and observations and proposals are made as following:
 Proposal 1: configure standalone mode for LTE in-band NB-IoT and guardband NB-IoT when it’s migrated from LTE to NR carrier.   
Proposal 2: to further investigate the power boosting level for in-band NB-IoT within NR carrier from both OBUE and EVM performance. 
Proposal 3: NB-IoT deployed in the NR guardband is not preferred. 
Proposal 4: TAGs misalignment could be avoided similar as what did for LTE with in-band/guardband NB-IoT operation, regardless caused by DL timing difference between NR and NB-IoT or UL timing estimation errors between NR and NB-IoT. 

Observation 2: TDD configuration for NB-IoT operation can also be configured by flexible NR slot configuration, therefore sync between NR and in-band/guardband NB-IoT can still be guaranteed. 
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