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1	Introduction
In last RAN4#92 meeting, a WF for Rel-16 LTE-MTC coexistence with NR is agreed [1], where it specifies that the PRB alignment should be captured in the TR. This paper proposes the TP for this topic. 
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7.2 PRB alignment
7.2.1 Impact of LTE-MTC Narrowband Operation
LTE-MTC UEs reuse legacy LTE PSS/SSS/PBCH for initial cell selection, which occupies the centre 72 subcarriers in the system BW excluding the DC subcarrier. After MSG1 in the random access procedure, the UE may use only 6 PRBs in a narrowband for transmissions and receptions if no frequency-hopping is configured. Otherwise hopping between multiple narrowbands may be performed. The mapping between the narrowband and the PRB is defined in 3GPP TS 36.211 [3] Section 6.2.7. Figure 7.2-1 illustrates the mapping for system BW up to 5 MHz.
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Figure 7.2.1-1 Mapping between LTE PRB and Narrowband

For up to at least Rel-15 LTE-MTC operation in NR in-band, the number of NR PRBs reserved for LTE-MTC should be large enough to accommodate all the PRBs within the LTE transmission BW configuration. Particularly, the PUCCH channel in the UL always uses the edge PRBs within the system BW.
7.2.2 Intuitive Analysis 



Consider the case of SCS=15 kHz for NR. A total of +1 consecutive NR PRBs in the DL need to be reserved for LTE-MTC owing to the unused DC subcarrier. The set of allowed values for  is given by 3GPP TS 36.104. Depending on the parity of , the DC subcarrier is either in the middle of a LTE PRB or in between two LTE PRBs. It’s easily seen that LTE PRBs can be aligned with NR PRBs if the following conditions are satisfied, and at most half of the PRBs in the LTE system BW can be aligned:
1) The LTE DC subcarrier coincides with 
a) 
the lowest (highest) subcarrier, i.e. subcarrier index 0 (11) of a NR PRB if  is even; 
b) 
the middle subcarrier, i.e. subcarrier index 6 (5) of a NR PRB if  is odd;
2) The LTE PRB is on the lower (upper) side of the LTE DC subcarrier.
In the UL, the LTE DC subcarrier is a valid subcarrier that belongs to a PRB and a 7.5 kHz frequency shift is employed to mitigate the effect of carrier leakage. Hence, the LTE PRBs may be aligned with the NR PRBs only if the operating NR band also supports 7.5 kHz frequency shift. Furthermore, owing to the restrictions of TX-RX frequency separation as defined in 3GPP TS 36.101, the aforementioned conditions on the DL DC subcarrier should be met so that the LTE DL PRBs on the lower side of the DC subcarrier are aligned with the NR DL PRBs. As a result, all of the LTE UL PRBs can be aligned with the NR UL PRBs. 
Figure 7.2-2 illustrates an example of 1.4 MHz LTE carrier inside a NR carrier. In the DL, the LTE DC subcarrier coincides with the subcarrier 0 of an NR PRB. As a result, LTE PRB 0, 1 and 2 are aligned with NR PRBs. In the UL, all LTE PRBs are aligned with NR PRBs after 7.5 kHz shift. Additionally, Figure 7.2-3 illustrates an example of 3 MHz LTE carrier inside a NR carrier. In the DL, the LTE DC subcarrier coincides with the subcarrier 6 of an NR PRB. As a result, LTE PRB 0-6 are aligned with NR PRBs. In the UL, all LTE PRBs are aligned with NR PRBs after 7.5 kHz shift.
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Figure 7.2.2-1: Example PRB alignment for a 1.4 MHz LTE carrier (having one LTE-MTC NB) inside a NR carrier 
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Figure 7.2.2-2: Example PRB alignment for a 3 MHz LTE carrier (having two LTE-MTC NBs) inside a NR carrier 

If neither condition #1 nor condition #2 is satisfied, the number of so-called “outlying” subcarriers in the DL LTE carrier would be more than one. The outlying subcarriers are those in the lower/upper edge of the LTE carrier and only partially overlap with a NR RB. Assuming that the LTE DC subcarrier coincides with subcarrier index  within a NR RB, the number of outlying subcarriers can be derived as:


Table 7.2.2-1: Number of outlying subcarriers in LTE-MTC DL
	
	Lower edge
	Upper edge

	
LTE  is even
	mod(12-r, 12)
	mod(r+1, 12)

	
LTE  is odd
	mod(6-r, 12)
	mod(r+7, 12)



7.2.3 Quantitative Analysis
Let and  denote the maximum number of RBs in the NR and LTE carrier, respectively. Let  and  denotes the RF reference frequency for NR and carrier frequency for LTE, respectively. It’s known that:
· NR RF reference frequency  corresponds to subcarrier 0 of RB  if  is even, and it corresponds to subcarrier 6 of RB  if  is odd;
· LTE carrier frequency  corresponds to the DC subcarrier with extra 7.5 kHz offset in the UL. In the DL, it locates between two adjacent RBs if  is even, and it locates in the middle of a RB if  is odd.
In order to optimize resource utilization, it is desired to align LTE PRBs with NR PRBs (in fact at most half of the PRBs in the DL and all in the UL as described in Section 7.2.2). In the following, we further formulate the conditions described in Section 7.2.2 based on different NR channel raster sizes.
7.2.3.1 NR 100 kHz Channel Raster
For subcarrier alignment (SCS=15 kHz), the NR RF reference frequency and LTE carrier frequency should satisfy the following condition:
          (7.2.3.1-1)
with:
·  being an integer identifying the LTE carrier on the 100 kHz raster, i.e.  kHz;
·  being an integer identifying the NR carrier on the 100 kHz raster, i.e.  kHz;
·  being an integer representing the subcarrier offset from the NR RF reference frequency.
Re-write Eq. (7.2.3.1-1) as:
                   (7.2.3.1-2)
For the sake of the variable  being an integer, the value of  has to be a multiple of 3, i.e., , with  being an integer. Therefore, Eq. (7.2.3.1-2) can be re-written as:
 , with  being an integer 	(7.2.3.1-3).
This means that the offset of the LTE carrier from the NR RF reference frequency should be a multiple of 20 subcarriers (i.e., a multiple of 300 kHz). We also have  if the LTE carrier is on the upper side of the NR carrier and  if the LTE carrier is on the lower side. Next we further derive the LTE carrier position in terms of RB offset as well as subcarrier index within a RB.
If  is even, the NR RF reference frequency  corresponds to subcarrier 0 of RB . Hence, we have:
· , the RB offset from the NR RB containing the subcarrier corresponding to 
· ,  the index of the subcarrier corresponding to 
 With these definitions, we re-write  as: 
,            (7.2.3.1-4)
or 	(7.2.3.1-5). 
It can be seen that valid values for subcarrier index  are: 0, 4 and 8. Note that the value of RB offset  is limited by the NR channel bandwidth, i.e. . For ensuring subcarrier alignment between the LTE-MTC carrier and the NR carrier, the task is to find a suitable solution of  that satisfies Eq. (7.2.3.1-4). Further considering PRB alignment, the condition #1a as described in Section 7.2.2 may be met if additional constraint of  is added. However, the condition #1b as described in Section 7.2.2 can never be met since  is not valid. This is also indicated by the number of LTE outlying subcarriers corresponding to NR subcarrier index  as shown in Table 7.2.3.1-1, which matches the observation in RAN1 [4].
Table 7.2.3.1-1: Number of outlying subcarriers in LTE-MTC DL when the DC subcarrier coincides with NR subcarrier index  ( is even)
	
	Lower edge
	Upper edge

	
LTE  is even
	0, 8, 4
	1, 5, 9

	
LTE  is odd
	6, 2, 10
	7, 11, 3


	            Note: The value shown in bold corresponds to the condition #1a in Section 7.2.2.
On the other hand, if  is odd, the NR RF reference frequency  corresponds to subcarrier 6 of RB .
Taking this offset into account, we have  for RB offset and  for subcarrier index. And Eq. (7.2.3.1-3) can be re-written as:
,            (7.2.3.1-6)
or 	(7.2.3.1-7). 
It can be seen that valid values for subcarrier index  are: 2, 6 and 10. For ensuring subcarrier alignment between the LTE-MTC carrier and the NR carrier, the task is to find a suitable solution of  that satisfies Eq. (7.2.3.1-6). Further considering PRB alignment, the condition #1b as described in Section 7.2.2 may be met if additional constraint of  is added. However, the condition #1a as described in Section 7.2.2 can never be met since  is not valid. This is also indicated by the number of LTE outlying subcarriers corresponding to NR subcarrier index  as shown in Table 7.2.3.1-2, which matches the observation in RAN1 [4].
Table 7.2.3.1-2: Number of outlying subcarriers in LTE-MTC DL when the DC subcarrier coincides with NR subcarrier index  ( is odd)
	
	Lower edge
	Upper edge

	
LTE  is even
	10, 6, 2
	3, 7, 11

	
LTE  is odd
	4, 0, 8
	9, 1, 5


	            Note: The value shown in bold corresponds to the condition #1b in Section 7.2.2.
7.2.3.2 NR 15 kHz Channel Raster
Corresponding to the E-UTRA bands that support LTE-MTC, most of the NR counterparts use 100 kHz channel raster. So far, only band n41 uses SCS-based channel raster. For the sake of PRB alignment, only SCS=15 kHz is considered. Considering subcarrier alignment, the NR reference frequency and LTE carrier frequency should satisfy the following condition:
,		(7.2.3.2-1)
with:
·  being an integer identifying the LTE carrier on the 100 kHz raster, i.e.  kHz;
·  being an integer identifying the NR carrier on the 15 kHz raster, i.e.  kHz;
·  being an integer representing the subcarrier offset from the NR RF reference frequency.
Rewrite Eq. (7.2.3.1-1) as:
.                   (7.2.3.2-2)
This means that the LTE carrier should be on a raster of 300 kHz, i.e. , with  being an integer. Together with Eq. (7.2.3.2-2), we have:
.                   (7.2.3.2-3)
Reusing the definition of RB offset  and subcarrier index  in Section 7.2.3.1, we have:
, if  is even,           (7.2.3.2-4)
, if  is odd.           (7.2.3.2-5)
Note that the values of  and  are limited by the NR channel bandwidth, e.g. . For ensuring subcarrier alignment between the LTE-MTC carrier and the NR carrier, the task is to find a suitable solution of  that satisfies Eq. (7.2.3.2-4) or Eq. (7.2.3.2-5), for a given NR reference frequency, i.e. fixed . Further considering PRB alignment, the conditions on subcarrier index  as described in Section 7.2.2 should be met as additional constraints. Note that such a solution may not always exist.
7.2.4 Summary
The conditions for PRB alignment between LTE-MTC carrier and NR carrier are discussed. Section 7.2.2 provides an intuitive analysis, which is confirmed by the quantitative analysis in Section 7.2.3. Additionally, more insights are acquired through the numerical analysis, which are summarized in the following tables.
Table 7.2.4-1: Conditions for subcarrier alignment between NR and LTE-MTC
	NR Channel Raster Size
	Condition
	Note

	100 kHz
	Eq (7.2.3.1-3)
	The frequency offset between the LTE-MTC carrier and the NR carrier should be multiple of 300 kHz.

	15 kHz
	Eq (7.2.3.2-3)
	The LTE-MTC carrier frequency should be a multiple of 300 kHz.



Table 7.2.4-2: Constraints on the location of LTE-MTC inside NR in terms of RB offset and subcarrier index
	NR Channel Raster Size
	 is even
	 is odd

	100 kHz
	Eq (7.2.3.1-4)
	Eq (7.2.3.1-6)

	15 kHz
	Eq (7.2.3.2-4)
	Eq (7.2.3.2-5)



Based on the above listed conditions, it is also found that the choice of the NR subcarrier index (within a RB) for placing the LTE-MTC carrier is limited. And different choices result in different number of outlying subcarriers in the LTE-MTC carrier, for which the minimization is usually desired in order to optimize spectrum utilization. Table 7.2.4-3 summarizes the observations for 100 kHz NR channel raster size. 
Table 7.2.4-3: Observations on the NR subcarrier index suitable for LTE MTC and the corresponding number of outlying subcarriers (NR channel raster = 100 kHz)
	
	 is even
	 is odd

	Subcarrier index within a RB
	0, 4, 8
	2, 6, 10

	Number of outlying subcarriers
	Table 7.2.3.1-1
	Table 7.2.3.1-2
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