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1	Introduction
In the work item on “Additional MTC enhancements for LTE” [1] one of the objectives is to study NR and LTE specifications to identify possible issues related to coexistence of LTE-M with NR.
The earlier RAN1 agreements for LTE-MTC are as follows:

Observation:
From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and eMTC.
Agreement:
RAN1 studies additional specification enhancement for improving the performance of coexistence of eMTC with NR.
For further study:
Until the next meeting, invite companies to evaluate the potential performance gains (e.g. in terms of reduced NR resource reservation) from the following to help determine whether the gains are significant enough to motivate the impacts:
· performance improvements of subcarrier and resource block alignment.
· performance improvements of resource configuration (e.g. reservation of LTE-MTC resources).
· performance improvements through CRS reduction (also consider backwards compatibility aspects).
· performance improvements of frequency hopping (also consider backwards compatibility aspects).
Agreement:
RAN1 clarifies that the enhancements introduced by the WI objective on usage of the LTE DL control channel region for MPDCCH/PDSCH transmissions to LTE-MTC UEs do not only apply to LTE-MTC stand-alone deployments but also to the case when LTE-MTC is deployed within an NR carrier.

[bookmark: _GoBack]In this contribution, we discuss coexistence requirements for allowing an LTE-M carrier to be embedded inside an NR carrier. We analyze how these requirements are supported in the Rel-15 specifications. In particular, we focus on two key coexistences studies: 1) performance improvements of subcarrier and resource block alignment, and 2) performance improvements of resource configuration (e.g. reservation of LTE-MTC resources).  In the first study, considering subcarrier and resource block alignments, we propose a framework for deploying LTE-M inside the NR carrier while using a portion of NR guard band to improve the resource utilization.  For the second study, this contribution describes the concept of NR reserved resources that allows NR UEs to rate-match around LTE-M resource elements. Moreover, resource utilization is analysed for various scenarios of reserved resources.
2	Utilizing NR guard band for efficient deployment of LTE-M in coexistence with NR
In this section, we propose the method of determining the LTE-M system position within an 5G NR carrier that minimizes or eliminates the interference between the two systems. We aim to utilize NR guard band to deploy LTE-M such that while ensuring subcarrier grid alignment between NR and LTE-M, the number of NR resource blocks need to be reserved for LTE-M is minimized. Our general setup is illustrated in Figure 1.
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[bookmark: _Ref526245583]Figure 1: Using NR guard band for deploying LTE-M.

[bookmark: _Ref525116294]In Table 1, we list the frequency bands that can be used by both NR and LTE-M. We also list the channel rasters that represent steps and frequencies that can be used by a UE to determine the RF channel positions in the uplink and downlink. An LTE-M UE searches for LTE carriers on a 100 kHz channel raster and, thus, a feasible center frequency for UE can be expressed as 100*m, with m being an integer. As we can see from Table 1, the raster step for the considered common bands for NR and LTE-M is 100 kHz. 

[bookmark: _Ref528161167]Table 1: Frequency bands used by both NR and LTE-M.
	Band
	Downlink (DL)
	Raster step [kHz]

	1
	2110 - 2170 MHz
	100

	2
	1930 - 1990 MHz
	100

	3
	1805 - 1880 MHz
	100

	5
	869 - 894 MHz
	100

	7
	2620 – 2690 MHz
	100

	8
	925 - 960 MHz
	100

	12
	729 - 746 MHz
	100

	20
	791 - 821 MHz
	100

	25
	1930 - 1995 MHz
	100

	28
	758 - 803 MHz
	100

	40
	2300 – 2400 MHz
	100

	66
	2110 - 2200 MHz
	100

	71
	617 – 652 MHz
	100



Our subsequent analysis is based on the following considerations:
· The raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier [2]. Hereinafter, the channel raster is referred to as a point on the raster grid which defines the RF reference frequency.  
· One NR RB in frequency domain consists of 12 subcarriers. Note that an NR resource block is a one-dimensional measure spanning the frequency domain only, while an LTE PRB uses two-dimensional resource blocks of 12 subcarriers in the frequency domain and one slot in the time domain.
· The number of RBs is denoted by N𝑅𝐵.
· The indexes of the middle RB for even and odd numbers of RBs are, respectively, N𝑅𝐵/2 and (N𝑅𝐵 −1)/2.
According to [2], for NR carriers with an even number of RB (N𝑅𝐵), channel raster is located at subcarrier index #0 in RB with index N𝑅𝐵/2.  For NR carriers with an odd number of RB, channel raster located at subcarrier index #6 in RB with index (N𝑅𝐵 −1)/2.  
Considering the fact that in NR the number of subcarriers is an even number, the carrier center is located between the two middle NR subcarriers. In this case, we can show that the carrier center frequency is related to the channel raster by:
  							  (1)
where  is the NR carrier center frequency and  is the frequency where NR channel raster is located.

In LTE-M there is a subcarrier in the center of the DL system bandwidth called the DC subcarrier, as shown in Figure 2. In this case, LTE-M carrier is placed on the DC subcarrier. 
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[bookmark: _Ref525745195]Figure 2: DC subcarrier in LTE-M. (an example of an even number of PRBs within the LTE carrier)

Now, we find a condition under which NR and LTE-M subcarrier alignment in DL is achieved.
Let k be an integer that represents the NR subcarrier index relative to NR channel raster (i.e., NR carrier). Clearly, the NR subcarriers are located at frequencies 100m+15k [kHz]. the possible locations for the LTE-M carrier can be given by .  Considering the fact that an LTE-M carrier (which is on the DC subcarrier) can be placed at 100n kHz (n is an integer), to achieve NR and LTE-M DL subcarrier grid alignment we should have:

Let k* be the index of an NR subcarrier on which LTE-M carrier can be placed. From the above equation, we see that k* is in a set of all integer numbers generated by   which are given by:
				(2)

Clearly, we can write   , where   is an integer.
In Figure 3, we show an illustrative example in which the subcarriers are aligned.

[image: ]
[bookmark: _Ref525746705]Figure 3: Subcarrier alignment in NR and LTE-M coexistence (for 20 MHz NR channel bandwidth).

In the following, we analyze two cases corresponding to deploying LTE-M within an NR guard band. 
Clearly, an LTE-M carrier canter can be placed on the ] frequency relative to the channel raster.
Therefore, using equation (1), the LTE-M carrier frequency relative to the NR carrier center is:
    					(3)

Let  be the operational bandwidth for LTE-M. Then, the minimum and maximum frequencies of LTE-M, relative to the NR carrier center, are given by:
			             (4)
 		      		(5)

In this case, under the following conditions, the entire LTE-M carrier is placed within the NR band:

  			(6)
            		    	(7)

where  (in kHz) is the NR channel bandwidth. 

Now, we find the possible location of the LTE-M carrier center for which LTE-M occupies a portion of the NR guard band. Let    be the portion of the channel bandwidth which is used for guard band (on both side of the spectrum).
In this case, we have the following condition for right side of the NR band:
			(8)

Based on (6) and (8), the possible locations of the LTE-M carrier center can be on the following NR subcarriers:
	, ()	                      (9)

For left side of the NR band we have:

		              	(10)

Using (7) and (9) leads to:
	, ()                  	(11)

For 5, 10, 15, 20, 25, 30, 40, and 50 MHz NR channel bandwidths, and 15 kHz subcarrier spacing the guard bands are [3]:

Table 2: Guard band for different NR channel bandwidths for 15 kHz subcarrier spacing.
	Channel bandwidth
	Guard band on each side (kHz)
	 (portion of the channel bandwidth for guard band on both sides)

	5 MHz
	242.5
	0.097

	10 MHz
	312.5
	0.0625

	15 MHz
	382.5
	0.051

	20 MHz
	452.5
	0.04525

	25 MHz
	522.5
	0.0418

	30 MHz
	592.5
	0.0395

	40 MHz
	552.5
	0.027625

	50 MHz
	692.5
	0.0277



We use  to denote the amount of NR guard band (in kHz) which is occupied by the LTE-M carrier. In this case, the number of NR resource blocks (in NR transmission band) which is occupied (fully or partially) by LTE-M carrier can be calculated by:
	     						(12)

where is the ceiling function.
For example, for  MHz (6 PRBs) LTE-M channel bandwidth and 20 MHz NR bandwidth, the possible locations of the LTE-M carrier center are:

 						(13)
Hence,  should satisfy:
 						(14)

where  is the index of NR subcarrier (relative to NR raster) on which the LTE-M carrier can be placed.

Now, given (2) and (14), , for the right side of the band.
Likewise, for the left side of the band we have:

  			   ,  ()	 		(15)

Given (2) and (15), , for the left side of the band.

Therefore, for , there will be subcarrier grid alignment between NR and LTE-M. More over, a portion the LTE-M carrier is placed inside the NR guard band. 
Subsequently, the amount of NR guard band which is occupied by LTE-M is given by:

	, ()			(16)
	
	, ()			 (17)

For   300 kHz (which is equivalent to 20 subcarriers).

Also, the number of NR resource blocks which is occupied (fully or partially) by LTE-M carrier is:
 5

For   285 kHz (which is equivalent to 19 subcarriers).
Also, the number of NR resource blocks which is occupied (fully or partially) by LTE-M carrier is:

 5

We note that due to presence of LTE-M DC subcarrier one additional NR resource block needs to be used for LTE-M. Hence, for a 1.08 MHz LTE-M channel bandwidth, 7 (= 6+1) NR resource blocks must be used for the coexistence. In this case, to deploy the LTE-M inside NR,we only need to reserve 5 NR RBs rather than 7.
Clearly, the number of occupied NR resource blocks (in NR transmission band) is minimized by maximizing . 
In Tables 3-10, for various NR channel bandwidths, we provide:

1) The indexes of NR subcarriers (relative to NR raster) where the LTE-M carrier center can be placed. Here, subcarrier grid alignment is achieved for NR and LTE-M coexistence. Furthermore, a portion of NR guard band is used for efficient deployment of LTE-M.
2) Amount of NR guard band which is used by LTE-M.
3) Number of NR resource blocks in NR transmission band used by LTE-M.
4) Portion of the NR guard band used for LTE-M.

Table 3: Using NR guard band for deploying LTE-M (5 MHz NR channel bandwidth)
	Index of NR subcarrier (relative to NR raster) for placing LTE-M carrier center (i.e. the D.C. subcarrier)
	Amount of NR guard band occupied by LTE-M () [kHz]
	Number of NR resource blocks (in transmission band) used for LTE-M ()
	Portion of the NR guard band used for LTE-M

	120
	90 kHz (= 6 subcarriers)
	6
	0.37

	-120
	75 kHz (= 5 subcarriers)
	6
	0.31



Table 4: Using NR guard band for deploying LTE-M (10 MHz NR channel bandwidth)
	Index of NR subcarrier (relative to NR raster) for placing LTE-M carrier center
	Amount of NR guard band occupied by LTE-M () [kHz]
	Number of NR resource blocks (in transmission band) used for LTE-M ()
	Portion of the NR guard band used for LTE-M

	280 
	60 kHz (= 4 subcarriers) 
	6
	0.19

	-280
	45 kHz (= 3 subcarriers)
	6
	0.14



Table 5: Using NR guard band for deploying LTE-M (15 MHz NR channel bandwidth)
	Index of NR subcarrier (relative to NR raster) for placing LTE-M carrier center
	Amount of NR guard band occupied by LTE-M () [kHz]
	Number of NR resource blocks (in transmission band) used for LTE-M ()
	Portion of the NR guard band used for LTE-M

	440
	30 kHz (= 2 subcarriers)
	6
	0.078

	460
	330 kHz (= 22 subcarriers)
	5
	0.86

	-460
	315 kHz (= 21 subcarriers)
	5
	0.82

	-440
	15 kHz (= 1 subcarriers)
	6
	0.039



Table 6: Using NR guard band for deploying LTE-M (20 MHz NR channel bandwidth)
	Index of NR subcarrier (relative to NR raster) for placing LTE-M carrier center
	Amount of NR guard band occupied by LTE-M () [kHz]
	Number of NR resource blocks (in transmission band) used for LTE-M ()
	Portion of the NR guard band used for LTE-M

	620
	300 kHz (= 20 subcarriers)
	5
	0.66

	-620
	285 kHz (= 19 subcarriers)
	5
	0.63



Table 7: Using NR guard band for deploying LTE-M (25 MHz NR channel bandwidth)
	Index of NR subcarrier (relative to NR raster) for placing LTE-M carrier center
	Amount of NR guard band occupied by LTE-M () [kHz]
	Number of NR resource blocks (in transmission band) used for LTE-M ()
	Portion of the NR guard band used for LTE-M

	 780
	270 kHz (= 18 subcarriers)
	5
	 0.51

	 -780
	255 kHz (= 17 subcarriers)
	5
	 0.49



Table 8: Using NR guard band for deploying LTE-M (30 MHz NR channel bandwidth)
	Index of NR subcarrier (relative to NR raster) for placing LTE-M carrier center
	Amount of NR guard band occupied by LTE-M () [kHz]
	Number of NR resource blocks (in transmission band) used for LTE-M ()
	Portion of the NR guard band used for LTE-M

	940
	240 kHz (= 16 subcarriers) 
	5
	  0.405

	960
	540 (= 36 subcarriers)
	3
	0.911

	-960  
	525 kHz (= 35 subcarriers)
	4
	0.88

	-940
	225 kHz (= 15 subcarriers)
	5
	0.38



Table 9: Using NR guard band for deploying LTE-M (40 MHz NR channel bandwidth)
	Index of NR subcarrier (relative to NR raster) for placing LTE-M carrier center
	Amount of NR guard band occupied by LTE-M () [kHz]
	Number of NR resource blocks (in transmission band) used for LTE-M ()
	Portion of the NR guard band used for LTE-M

	1280
	300 kHz (= 20 subcarriers)
	5
	  0.543

	-1280
	285 kHz (= 19 subcarriers)
	5
	0.515



Table 10: Using NR guard band for deploying LTE-M (50 MHz NR channel bandwidth)
	Index of NR subcarrier (relative to NR raster) for placing LTE-M carrier center
	Amount of NR guard band occupied by LTE-M () [kHz]
	Number of NR resource blocks (in transmission band) used for LTE-M ()
	Portion of the NR guard band used for LTE-M

	1600
	240 kHz (= 16 subcarriers)
	5
	0.346

	1620
	540 kHz (= 36 subcarriers)
	3
	0.78

	-1620
	525 kHz (= 35 subcarriers)
	4
	0.758

	-1600
	225 kHz (= 15 subcarriers)
	5
	0.325



Finally, based on the results given in Tables 3-10, for various NR channel bandwidths, we compute the maximum resource efficiency in coexistence with LTE-M. Here, the resource efficiency () is defined as follows:


In Table 11 we provide the maximum resource efficiency in NR and LTE-M coexistence for various NR channel bandwidths. Note that, without using the NR guard band, 7 NR RBs needs to be reserved for the LTE-M. In the last column of Table 11 we show the resource efficiency for a classical case in which 7 NR RBs are reserved for the LTE-M. 

[bookmark: _Ref526432053]Table 11: Resource efficiency in NR and LTE-M coexistence for various NR channel bandwidths.
	NR transmission bandwidth and the number of RBs (NRB) for 15 kHz subcarrier spacing
	Index of NR subcarrier (relative to NR raster) for placing LTE-M carrier center
	Maximum resource efficiency

	Resource efficiency for classical approach  (7 NR RBs reservation)

	5 MHz, NRB= 25
	120, -120
	76 %  (=6)
	72 %

	10 MHz, NRB= 52
	280, -280
	88.5 % (=6)
	86.5 %

	15 MHz, NRB= 79
	460, - 460
	93.6 % (=5)
	91.1 %

	20 MHz, NRB= 106
	620, -620
	95.3 % (=5)
	93.3 %

	25 MHz, NRB= 133
	780, -780
	96.2 % (=5)
	94.7 %

	30 MHz, NRB= 160
	960
	98.12 % (=3)
	95.6 %

	40 MHz, NRB= 216
	1280, -1280
	97.7 % (=5)
	96.7 %

	50 MHz, NRB= 270
	1620
	98.9 % (=3)
	97.4 %



Observation 1:	By exploiting a portion of NR guard band for deploying the LTE-M carrier, the resource efficiency can be improved in NR and LTE-M coexistence. In particular, an LTE-M carrier center can be placed such that the subcarrier grids alignment is achieved (eliminating interference) and the number of NR RB in transmission band is minimized (enhancing resource efficiency).

Proposal 1: 	For deployment of LTE-M within an NR carrier, utilizing a portion of the NR guard band may be considered.
Proposal 2: 	RAN4 studies are needed to confirm the potential use of NR guard band for LTE-M deployment.


3	Configure NR reserved resources to allow NR UEs to rate-match around LTE-M resource elements
In NR, the concept of reserved resources was introduced to facilitate forward compatibility and future radio interface extensions. These reserved resources, which are not used by NR UEs, can also be utilized to facilitate the coexistence of NR and LTE-M. A flexible way to configure resource reservation in the frequency domain is to use a bit map (bit stream) where each bit represents a resource block (RB). In NR [5], bitmap 1 (RB-level) and bitmap 2 (symbol-level) are used to reserve resources in frequency and time domains, respectively. 
NR reserved resource configuration is needed to support LTE-M embedding. To this end, a set of NR resources can be reserved for non-dynamically scheduled LTE-M transmissions. In particular, resources must be reserved for:
· PSS (Primary Synchronization Signal), and SSS (Secondary Synchronization Signal) used for cell search procedure.  

· CRS (Cell-specific Reference signal) used by UE for channel estimation, cell selection, and coherent demodulation.

· PBCH (Physical Broadcast Channel) that carries system information (i.e., master information block (MIB)) for UEs requiring to access the network. 

· SIB1-BR (SystemInformationBlockType1) contents assist the UE when it is evaluating cell access and also defines the scheduling of other system information.

As an example, in Figure 4, we show a set of reserved time-frequency resources that can be allocated to LTE-M users. In this case, the OFDM symbol bitmap is used to indicate which OFDM symbols are reserved for LTE-M. In addition, bitmap 1 is used to indicate the reserved RB numbers. Note that resource elements (REs) with both bitmap 1 and bitmap 2 set to 1 are marked as reserved. All the remaining REs (not reserved) are available to NR UEs. Considering the fact that NR UEs do not use the reserved resources, there will not be any collision between NR and LTE-M resource elements. Therefore, the coexistence between NR and LTE-M is possible while effectively using NR reserved resources. In this case, NR UEs need to do rate-matching around reserved resources.

[image: ]
[bookmark: _Ref521538843]Figure 4:  Reserved resources in NR

NR reserved resource configuration is needed to support LTE-M embedding. To this end, a set of NR resources can be reserved for non-dynamically scheduled LTE-M transmissions. In particular, resources must be reserved for:
· PSS:
· Is transmitted twice in each 10 ms frame.
· Located in the last OFDM symbol of the first and 11th slot of each frame
· Is mapped to the center 62 subcarriers (around the DC subcarrier)

· SSS: 
· Is transmitted twice per each 10 ms frame.
· Located one symbol before PSS.
· Is mapped to the center 62 subcarriers (around the DC subcarrier)


· CRS:
· Inserted within the first and 5th OFDM symbol of each slot, for one and two CRS antenna ports.
· Transmitted in every PRB.
· For one and two CRS antenna ports, the number of REs in one subframe occupied by the CRS is 8. For four antenna ports, there are 8 CRS REs for the first and second antenna ports, while there are 4 CRS REs per subframe for the 3rd or 4th antenna port.

· PBCH:
· Transmitted on the first 4 OFDM symbols of the second slot, in the first subframe of each frame.
· Occupies 6 PRB
· PBCH is not transmitted on any resource elements assigned to CRS

· SIB-1:
· It is transmitted over 80 ms period and repetitions made within 80 ms. 
· For system bandwidths less than 5 MHz:
· The number of receptions is 4 in each 80 ms period. 
· Transmitted on subframe 4 of every two frames. 
· Spans over 14 OFDM symbols in each 20 ms (i.e., every two frames)
· Occupies 6 PRBs

In the following, we determine the percentage of NR resources that need to be reserved for LTE-M in various scenarios. In particular, we consider two main cases: 1) using 7 NR RBs for LTE-M, and 2) using 6 NR RBs for LTE-M (this case can be done by utilizing NR guard band).  We consider the time-frequency resources over a 20 ms interval, 20 MHz NR bandwidth with 106 RBs, and 15 kHz subcarrier spacing. Moreover. we use the following notations:
: number of NR REs.
: number of REs reserved for LTE-M.
: percentage of NR resources which is reserved for LTE-M.
 NR resource efficiency when coexisting with LTE-M.
: number of REs used for PSS.
: number of REs used for SSS.
: number of REs used for CRS.
: number of REs used for PBCH.	
: number of REs used for SIB1-NB.
Clearly, we have:  , and  .
In  Table 12, we provide the list of main parameters for NR and LTE-M coexistence.

[bookmark: _Ref528161133]Table 12: List of parameters.
	NR bandwidth 
	20 MHz

	Number of  NR PRBs
	106

	Time interval
	20 ms (i.e., two frames)

	Subcarrier spacing
	15 kHz

	LTE-M bandwidth
	1.4 MHz

	Number of OFDM symbols for PSS over 20 ms
	4

	Number of subcarriers for PSS
	63 (62+DC subcarrier)

	Number of OFDM symbols for PSS over 20 ms
	4

	Number of subcarriers for PSS
	63 (62+DC subcarrier)

	Number of OFDM symbols for CRS over 20 ms
	3×40=120 

	Number of CRS antenna ports
	4

	Number of subcarriers for CRS (for each OFDM symbol)
	4

	Number of OFDM symbols for PBCH over 20 ms
	8

	Number of subcarriers for PBCH (for each OFDM symbol)
	72 (6 PRBs for each OFDM symbol)



	
A. Scenario 1: PRB-level reserved resources + (using 7 NR RBs)
In this case, NR resources are reserved at PRB level using Bitmap 1. In this scenario, we can show that:
(number of RBs)×(number of subcarriers in each RB) ×(number of OFDM symbols) = 106×12×(20×14) = 356160.
Note that, here, each 1 ms subframe includes 14 OFDM symbols.
 7×12×(20×14) = 23520
100 = 6.6038
 93.396.

B. Scenario 2: PRB-level + OS-level reserved resources + (using 7 NR RBs)
[bookmark: _Hlk524955210]In this case, NR resources are reserved at PRB level and OFDM symbol (OS) level using Bitmap 1 and Bitmap 2. LTE-M overlaps with 7 RBs of NR.
356160
 (number of RBs for PSS)×(number of subcarriers in each RB) ×(number of OFDM symbols)= 7×12×(2×2)=336
 336
= 7×12×[(6×20)-symbols used by SIB1] = 84× [120-6]= 9576
= 7×12×[(4×2)-(symbols reserved for CRS)]= 84×[ 8-(2×2)] = 336
7×12×14=1176
 11760
100 = 3.3
96.7

C. Scenario 3: PRB-level + OS-level reserved resources + RE level + (using 7 NR RBs)
[bookmark: _Hlk524955758]In this case, NR resources are reserved at RE level using Bitmap 1 and Bitmap 2.
[bookmark: _Hlk528165076]356160
 (number of RBs for PSS)×(number of subcarriers in each RB) ×(number of OFDM symbols) 7×12×(2×2)=336
 336
7×12×14=1176
= (number of REs in each RB over 0.5 time slot) × (number of RBs) × (number of slots) – [REs used by SIB1] = 12 ×7 ×40 – [6 ×4] = 3360 – 24 = 3336
= 7×12×(4×2) - (REs used by CRS)= 672 – (7×8×2)= 672-112= 560
 5744
100 = 1.6
98.4


D. Scenario 4: PRB-level reserved resources + (using 6 NR RBs)
In this case, NR resources are reserved at PRB level using Bitmap 1. In this scenario, we can show that:
(number of RBs)×(number of subcarriers in each RB) ×(number of OFDM symbols) = 106×12×(20×14) = 356160.
Note that, here, each 1 ms subframe includes 14 OFDM symbols.
 6×12×(20×14) = 20160
100 = 5.6
 94.4.


E. Scenario 5: PRB-level + OS-level reserved resources + RE level +  (using 6 NR RBs)
In this case, NR resources are reserved at RE level using Bitmap 1 and Bitmap 2.  Also, LTE-M overlaps with 6 RBs of NR.

356160
 (number of RBs)×(number of subcarriers in each RB) ×(number of OFDM symbols) =6×12×(2×2)=288
 288
= 6×12×[(6×20)-symbols used by SIB1] = 72× [120-6]= 8208
= 6×12×[(4×2)-(symbols reserved for CRS)]= 72×[ 8-(2×2)] = 288
6×12×14=1008
 10080
100 = 2.8
97.2

F. Scenario 6: PRB-level + OS-level reserved resources + (using 6 NR RBs)
[bookmark: _Hlk524955661]In this case, NR resources are reserved at PRB level and OFDM symbol (OS) level using Bitmap 1 and Bitmap 2. Also, LTE-M overlaps with 6 RBs of NR.

356160
 (number of RBs for PSS)×(number of subcarriers in each RB) ×(number of OFDM symbols) 6×12×(2×2)=288
 288
6×12×14=1008
= (number of REs in each RB over 0.5 time slot) × (number of RBs) × (number of slots) – [REs used by SIB1] = 12 ×6 ×40 – [6 ×4] = 2880 – 24 = 2856
= 6×12×(4×2) - (REs used by CRS)= 576 – (6×8×2)= 576-96= 480
 4920
100 = 1.3
98.7




Table 13: Resource utilization in NR and LTE-M coexistence.
	Scenario
	Resources used for LTE-M (%)
	Resources available for NR (%)

	PRB-level reserved resources (using 7 NR RBs)
	6.60
	93.4

	PRB-level + OS-level reserved resources (using 7 NR RBs)
	3.3
	96.7

	PRB-level + OS-level reserved resources + RE level (using 7 NR RBs)
	1.6
	98.4

	PRB-level reserved resources (using 6 NR RBs)
	5.6
	94.4

	PRB-level + OS-level reserved resources (using 6 NR RBs)
	2.8
	97.2

	PRB-level + OS-level reserved resources + RE level (using 6 NR RBs)
	1.3
	98.7




Observation 2:	It is possible to configure NR reserved resources to avoid collision with non-dynamically scheduled LTE-M transmissions.
Observation 3:	By exploiting the concept of NR reserved resources, dynamic scheduling, and using 6 NR RBs, only 1.3% of NR resources need to be reserved for LTE-M. This corresponds to a 98.7% resource utilization for NR.

4	Conclusion
In this report we have investigated the coexistence between NR and LTE-M systems. In summary, the following observations can be made:
Observation 1:	By exploiting a portion of NR guard band for deploying the LTE-M carrier, the resource efficiency can be improved in NR and LTE-M coexistence. In particular, an LTE-M carrier center can be placed such that the subcarrier grids alignment is achieved (eliminating interference) and the number of NR RB in transmission band is minimized (enhancing resource efficiency).
Observation 2:	It is possible to configure NR reserved resources to avoid collision with non-dynamically scheduled LTE-M transmissions.
Observation 3:	By exploiting the concept of NR reserved resources, dynamic scheduling, and using 6 NR RBs, only 1.3% of NR resources need to be reserved for LTE-M. This corresponds to a 98.7% resource utilization for NR.

Based on our observations we have the following proposals.
Proposal 1: 	For deployment of LTE-M within an NR carrier, utilizing a portion of the NR guard band may be considered.
Proposal 2: 	RAN4 studies are needed to confirm the potential use of NR guard band for LTE-M deployment.
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