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Introduction

In the RAN4#88/90 and RAN#81 meeting, there were some initial discussions on the NR and NB-IoT coexistence issues. In this contribution, we want to share some consideration on the open issues for NR and NB-IoT coexistence. 

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:
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
Discussion 
2.1 channel raster and PRB alignment

As specified in the TS36.104, NB-IoT are supposed to operate in the following E-UTRA bands, while bands highlighted in yellow could be also refarmed to NR bands where NR and NB-IoT coexistence might exist.  
	NB-IoT is designed to operate in the E-UTRA operating bands 1, 2, 3, 4, 5, 8, 11, 12, 13, 14, 17, 18, 19, 20, 21, 25, 26, 28, 31, 41, 66, 70, 71, 72, 73, 74, 85 which are defined in Table 5.5-1.


According to the channel raster specified in the TS38.104, except for n41 band , other LTE refarming bands highlighted in yellow still reuse the legacy 100KHz channel raster defined for LTE. However one big difference between LTE and NR is that NR DC SC could be transmitted containing data information while LTE DC carrier cannot which could result in difference between centre frequency of PRBs used for NB UE’s cell acquisition and channel raster. The detailed clarifications and calculations are shown in the following where some PRBs position used for in-band NB-IoT operation might be shifted slightly (e.g. 10MHz/20MHz, one PRB position shift). In short, for NR bands reusing the legacy 100KHz channel raster, in-band/guardband NB-IoT and NR can still be kept orthogonal and difference between center frequency of NB-IoT operation PRBs and 100KHz channel raster can be kept within 7.5KHz as same as operating within LTE channel.
However as mentioned previous, n41 is one exceptional scenario, channel raster is SCS based. Here we take 5MHz/10MHz NR CBW as examples, LCM for channel raster 15KHz and 100KHz is 300KHz. If the DC carrier  are located in the 300KHz raster, then similar as previous clarification, then difference between center frequency of NB-IoT operation PRBs and 100KHz channel raster can be kept within 7.5KHz as same as operating within LTE channel. Then if DC carriers location are shifted by several SCSs as shown in the following table 1/2, then PRBs feasible for in-band NB-IoT operation can still be guaranteed with only feasible PRBs positions shifting slightly. 

Observation 1: PRBs feasible for in-band NB-IoT operation can still be guaranteed with only feasible PRBs positions shifting slightly. 
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Figure 1. the illustration of DC location and center frequency of PRBs

Note: red DC carrier is assumed to locate at f=0.
Table 1. frequency offset between PRB center freq and DC location in zero SCS shifting [5MHz NR CBW]

	PRB index
	freq offset between PRB center freq and DC location

	
	0 SCS 
	 1 SCS 
	2 SCS
	3 SCS
	4 SCS
	5 SCS
	6 SCS
	7 SCS
	8 SCS
	9 SCS
	10 SCS
	12 SCS

	12
	-7.5
	7.5
	22.5
	37.5
	52.5
	67.5
	82.5
	97.5
	112.5
	127.5
	142.5
	157.5

	13
	172.5
	187.5
	202.5
	217.5
	232.5
	247.5
	262.5
	277.5
	292.5
	307.5
	322.5
	337.5

	14
	352.5
	367.5
	382.5
	397.5
	412.5
	427.5
	442.5
	457.5
	472.5
	487.5
	502.5
	517.5

	15
	532.5
	547.5
	562.5
	577.5
	592.5
	607.5
	622.5
	637.5
	652.5
	667.5
	682.5
	697.5

	16
	712.5
	727.5
	742.5
	757.5
	772.5
	787.5
	802.5
	817.5
	832.5
	847.5
	862.5
	877.5

	17
	892.5
	907.5
	922.5
	937.5
	952.5
	967.5
	982.5
	997.5
	1012.5
	1027.5
	1042.5
	1057.5

	18
	1072.5
	1087.5
	1102.5
	1117.5
	1132.5
	1147.5
	1162.5
	1177.5
	1192.5
	1207.5
	1222.5
	1237.5

	19
	1252.5
	1267.5
	1282.5
	1297.5
	1312.5
	1327.5
	1342.5
	1357.5
	1372.5
	1387.5
	1402.5
	1417.5

	20
	1432.5
	1447.5
	1462.5
	1477.5
	1492.5
	1507.5
	1522.5
	1537.5
	1552.5
	1567.5
	1582.5
	1597.5

	21
	1612.5
	1627.5
	1642.5
	1657.5
	1672.5
	1687.5
	1702.5
	1717.5
	1732.5
	1747.5
	1762.5
	1777.5

	22
	1792.5
	1807.5
	1822.5
	1837.5
	1852.5
	1867.5
	1882.5
	1897.5
	1912.5
	1927.5
	1942.5
	1957.5

	23
	1972.5
	1987.5
	2002.5
	2017.5
	2032.5
	2047.5
	2062.5
	2077.5
	2092.5
	2107.5
	2122.5
	2137.5

	24
	2152.5
	2167.5
	2182.5
	2197.5
	2212.5
	2227.5
	2242.5
	2257.5
	2272.5
	2287.5
	2302.5
	2317.5
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Figure 2. the illustration of DC location and center frequency of PRBs
Note: red DC carrier is assumed to locate at f=0.
Table 2. frequency offset between PRB center freq and DC location in zero SCS shifting [10MHz NR CBW]

	PRB index
	freq offset between PRB center freq and DC location

	
	0 SCS 
	 1 SCS 
	2 SCS
	3 SCS
	4 SCS
	5 SCS
	6 SCS
	7 SCS
	8 SCS
	9 SCS
	10 SCS
	12 SCS

	26
	82.5
	97.5
	112.5
	127.5
	142.5
	157.5
	172.5
	187.5
	202.5
	217.5
	232.5
	247.5

	27
	262.5
	277.5
	292.5
	307.5
	322.5
	337.5
	352.5
	367.5
	382.5
	397.5
	412.5
	427.5

	28
	442.5
	457.5
	472.5
	487.5
	502.5
	517.5
	532.5
	547.5
	562.5
	577.5
	592.5
	607.5

	29
	622.5
	637.5
	652.5
	667.5
	682.5
	697.5
	712.5
	727.5
	742.5
	757.5
	772.5
	787.5

	30
	802.5
	817.5
	832.5
	847.5
	862.5
	877.5
	892.5
	907.5
	922.5
	937.5
	952.5
	967.5

	31
	982.5
	997.5
	1012.5
	1027.5
	1042.5
	1057.5
	1072.5
	1087.5
	1102.5
	1117.5
	1132.5
	1147.5

	32
	1162.5
	1177.5
	1192.5
	1207.5
	1222.5
	1237.5
	1252.5
	1267.5
	1282.5
	1297.5
	1312.5
	1327.5

	33
	1342.5
	1357.5
	1372.5
	1387.5
	1402.5
	1417.5
	1432.5
	1447.5
	1462.5
	1477.5
	1492.5
	1507.5

	34
	1522.5
	1537.5
	1552.5
	1567.5
	1582.5
	1597.5
	1612.5
	1627.5
	1642.5
	1657.5
	1672.5
	1687.5

	35
	1702.5
	1717.5
	1732.5
	1747.5
	1762.5
	1777.5
	1792.5
	1807.5
	1822.5
	1837.5
	1852.5
	1867.5

	36
	1882.5
	1897.5
	1912.5
	1927.5
	1942.5
	1957.5
	1972.5
	1987.5
	2002.5
	2017.5
	2032.5
	2047.5

	37
	2062.5
	2077.5
	2092.5
	2107.5
	2122.5
	2137.5
	2152.5
	2167.5
	2182.5
	2197.5
	2212.5
	2227.5

	38
	2242.5
	2257.5
	2272.5
	2287.5
	2302.5
	2317.5
	2332.5
	2347.5
	2362.5
	2377.5
	2392.5
	2407.5

	39
	2422.5
	2437.5
	2452.5
	2467.5
	2482.5
	2497.5
	2512.5
	2527.5
	2542.5
	2557.5
	2572.5
	2587.5

	40
	2602.5
	2617.5
	2632.5
	2647.5
	2662.5
	2677.5
	2692.5
	2707.5
	2722.5
	2737.5
	2752.5
	2767.5

	41
	2782.5
	2797.5
	2812.5
	2827.5
	2842.5
	2857.5
	2872.5
	2887.5
	2902.5
	2917.5
	2932.5
	2947.5

	42
	2962.5
	2977.5
	2992.5
	3007.5
	3022.5
	3037.5
	3052.5
	3067.5
	3082.5
	3097.5
	3112.5
	3127.5

	43
	3142.5
	3157.5
	3172.5
	3187.5
	3202.5
	3217.5
	3232.5
	3247.5
	3262.5
	3277.5
	3292.5
	3307.5

	44
	3322.5
	3337.5
	3352.5
	3367.5
	3382.5
	3397.5
	3412.5
	3427.5
	3442.5
	3457.5
	3472.5
	3487.5

	45
	3502.5
	3517.5
	3532.5
	3547.5
	3562.5
	3577.5
	3592.5
	3607.5
	3622.5
	3637.5
	3652.5
	3667.5

	46
	3682.5
	3697.5
	3712.5
	3727.5
	3742.5
	3757.5
	3772.5
	3787.5
	3802.5
	3817.5
	3832.5
	3847.5

	47
	3862.5
	3877.5
	3892.5
	3907.5
	3922.5
	3937.5
	3952.5
	3967.5
	3982.5
	3997.5
	4012.5
	4027.5

	48
	4042.5
	4057.5
	4072.5
	4087.5
	4102.5
	4117.5
	4132.5
	4147.5
	4162.5
	4177.5
	4192.5
	4207.5

	49
	4222.5
	4237.5
	4252.5
	4267.5
	4282.5
	4297.5
	4312.5
	4327.5
	4342.5
	4357.5
	4372.5
	4387.5

	50
	4402.5
	4417.5
	4432.5
	4447.5
	4462.5
	4477.5
	4492.5
	4507.5
	4522.5
	4537.5
	4552.5
	4567.5

	51
	4582.5
	4597.5
	4612.5
	4627.5
	4642.5
	4657.5
	4672.5
	4687.5
	4702.5
	4717.5
	4732.5
	4747.5


2.2. 7.5KHz channel raster shift
As mentioned before, NB-IoT are supposed to coexist with NR in the bands n1,2,3,5,8,12,20,25,28,41,66,70,71,74.
As we know that there are no 7.5KHz freq shift for NR uplink signal generation as default except for some bands highlighted in green as shown following. 

As we know that all NR FDD bands are supposed to support 7.5KHz freq shift signaling which means the orthogonality between NR and NB-IoT could be guaranteed, however as n41 is TDD bands which is also supposed to deploy NB-IoT system, therefore we propose to support 7.5KHz freq shift to guarantee the orthogonality between NR and NB-IoT in this band.

	For SUL bands and for the uplink of all FDD bands defined in table 5.2-1,


FREF,shift = FREF + Δshift,  Δshift = 0 kHz or 7.5 kHz

where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz [11].


Proposal 1: NR bands n41 should also support 7.5KHz freq shift in the uplink to guarantee the orthogonality between NR and NB-IoT. 

2.3 Power boosting for in-band and guardband NB-IoT in NR 

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 3/4/5, 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. 
[image: image3.png]



Figure 3. 20MHz without power boosting for edge PRBs
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Figure 4. 20MHz with +6dB power boosting for edge PRBs
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Figure 5. 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. 
2.4 mixed numerology between NR and NB-IoT

Regarding the interference from high SCSs to lower SCS,more specifically speaking is that NR with 30KHz SCS in DL could potentially interfere the NB-IoT carrier if there are no enough guardband reserved. However this should be leave to the implementation as there are no requirement defined for NR mixed numerology. 
Proposal 3: no requirement is defined for mixed numerology between NR and NB-IoT similar as NR mixed numerology itself.  
2.5 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. 

2.6 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 3.
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Figure 3. 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 4. uplink/downlink configuration for E-UTRA TDD test model (2 frames for conformance testing)
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Figure 5. 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:
Observation 1: PRBs feasible for in-band NB-IoT operation can still be guaranteed with only feasible PRBs positions shifting slightly. 

Proposal 1: NR bands n41 should also support 7.5KHz freq shift in the uplink to guarantee the orthogonality between NR and NB-IoT. 

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: no requirement is defined for mixed numerology between NR and NB-IoT similar as NR mixed numerology itself.  
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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