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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 following agreements were made for LTE-MTC in RAN1#96bis.
	For further study until RAN1#97

· RAN1 continues to study puncturing and/or rate-matching of outlying LTE-MTC subcarriers for performance improvement of resource block alignment between LTE-MTC and NR until RAN1#97.
· Assume truncation of 1, 4 or 5 LTE-MTC DL subcarriers in case of an even total number of NR RBs and 2, 3 or 6 LTE-MTC DL subcarriers in case of an odd total number of NR RBs.
· Consider truncation of outlying LTE-MTC DL subcarriers without the (legacy) UE being aware of the puncturing as a reference case.
· Assume that no new transmission scheme (for example, single tone transmission) is introduced after the outlying subcarrier is punctured or rate-matched around.
· Assume that CRS is not truncated.
· FFS: DMRS
· Consider both DL and UL aspects including
· PDSCH, PUSCH, MPDCCH, PUCCH

· RAN1 continues to study finer-granularity LTE-MTC resource reservation until RAN1#97.
· Assume that the LTE-MTC resource reservation should accommodate at least part of NR initial CORESET, NR CSI-RS and NR TRS.
· The reference case is the existing DL/UL subframe-level LTE-MTC resource reservation.
· Assume that the resource reservation is semi-statically configured. It is FFS whether the eNB can furthermore dynamically override or indicate additional reserved resource via DCI.
· Companies are encouraged to consider the impact on UE complexity for DCI based indication
· Consider whether the time-domain granularity of the LTE-MTC valid subframe configuration should be scaled dependent on the NR subcarrier spacing.
· Consider both DL and UL aspects.
· PDSCH, PUSCH, PUCCH, MPDCCH
· It is FFS whether and when to drop or postpone LTE-MTC transmissions that would fall into LTE-MTC reserved resources (if introduced).

Conclusions

· RAN1 does not further consider placement of LTE-MTC subcarriers into NR guard band since it has no RAN1 specification impact.

· RAN1 concludes that overlap between NR SSB and LTE-MTC can be avoided using the LTE-MTC DL valid subframe bitmap.

· No further discussion in RAN1 on the consideration of LTE-MTC transmission outside the legacy LTE system bandwidth in Rel-16.




In this contribution, we discuss further aspects of improved LTE-M resource block alignment and finer-granularity LTE-M resource reservation.

Improved LTE-M resource block alignment
LTE-M can be efficiently deployed in NR such that subcarrier grids alignment between NR and LTE-M is ensured. This allows an effective coexistence between two systems by preventing inter-subcarrier interference. In addition, the performance of such coexistence can be improved by aligning NR and LTE-M RBs.
In DL LTE-M, a perfect RB alignment between LTE-M and NR may not be achieved, despite having the subcarrier grid alignment. For instance, in case of 6 LTE-M RBs with the DC subcarrier, we need to reserve 7 NR RBs in order to accommodate the LTE-M carrier. In fact, extra outlying LTE-M subcarriers lead to the use of an additional NR resource block. In this regard, we can improve NR resource utilization by reducing the effect of RBs misalignment between NR and LTE-M. For instance, it is possible to use other techniques to ensure overlapping with 6 (or less) NR resource blocks rather than 7 when deploying LTE-M. RAN1 is studying puncturing and/or rate-matching as ways to handle outlying subcarriers.
          
Puncturing of resource elements at outlying subcarriers in DL

[image: ]
Figure 1: RB misalignment between NR and LTE-M in DL.

We can puncture one outlying NR subcarrier or outlying LTE-M subcarrier to avoid using one extra NR RB due the RB misalignment between NR and LTE-M. By puncturing we refer to the case where the base station avoids transmitting the subcarriers belonging to LTE-M with or without informing the UEs. This will cause somewhat degraded performance for the UE whose transmission is punctured, but the eNB/gNB scheduler is aware of this, and may compensate by proper adjustment of code rates etc. 
The number of outlying subcarriers in DL due to RB misalignment between NR and LTE-M depends on the position of the LTE-M carrier inside the NR. It is shown that for even total number of NR RBs, the possible numbers of outlying LTE-M DL subcarriers due to RB misalignment between NR and LTE-M can be 1, 4, or 5. For odd total number of NR RBs, there can be 2, 3, or 6 outlying LTE-M subcarriers.
Clearly, puncturing LTE-M subcarriers can result in a performance loss as the number of resources available for LTE-M decreases. Such performance loss for an LTE-M UE depends on the number of punctured outlying subcarriers as well as the number of RBs allocated to this UE. We compute the LTE-M resource loss (or rate loss) by:


 In Table 2 and Table 3, for various cases, we provide the performance loss of an LTE-M UE due to subcarrier puncturing.

Table 1: Performance loss (%) of LTE-M UE due to subcarrier puncturing in DL (even number of NR RBs).
	
	[bookmark: _Hlk6235597]Number of LTE-M PRBs allocated to an LTE-M UE

	
	1
	2
	3
	4
	5
	6

	Number of punctured LTE-M outlying subcarriers
	1
	8.33
	4.16
	2.77
	2.08
	1.66
	1.38

	
	4
	33.33
	16.66
	11.11
	8.33
	6.66
	5.55

	
	5
	41.66
	20.83
	13.88
	10.41
	8.33
	6.94




[bookmark: _Ref7177729]Table 2: Performance loss (%) of LTE-M UE due to subcarrier puncturing in DL (odd number of NR RBs).
	
	Number of LTE-M PRBs allocated to an LTE-M UE

	
	1
	2
	3
	4
	5
	6

	Number of punctured LTE-M outlying subcarriers
	2
	16.66
	8.33
	5.55
	4.16
	3.33
	2.77

	
	3
	25
	12.5
	8.33
	6.25
	5
	4.16

	
	6
	50
	25
	16.66
	12.5
	10
	8.33




[bookmark: _Toc7793736]The performance loss for an LTE-M UE due to subcarrier puncturing would depend on the number of punctured subcarriers and the number of PRBs allocated to the LTE-M UE.
[bookmark: _Toc7793737]In case of puncturing one outlying subcarrier without rate matching, the rate loss for an LTE-M UE is at most 8.33%. The rate loss due to puncturing two LTE-M subcarriers is at most 16.66%.
[bookmark: _Toc7793749]Limit the performance loss from potential puncturing by restricting any potential puncturing of outlying LTE-M DL subcarriers to at most two subcarriers.

 Outlying subcarriers in UL
Unlike DL, there is no DC subcarrier in UL. Hence, an LTE-M narrowband contains 72 subcarriers which can be fit within 6 PRBs. Also, NR supports a configurable uplink half-subcarrier shift (+7.5 kHz) in all FDD bands which allows subcarrier grids alignment between NR and LTE-M. 

Even number of NR RBs 
[bookmark: _Hlk6322432]Considering channel raster position and the 7.5 kHz UL shift option in NR, the following condition should be met in order to have PRB alignment between NR and LTE-M:





where  is the index of NR RB relative to the middle RB which contains NR raster.
Clearly, by properly placing the LTE-M carrier, we can have full PRB alignment between NR and LTE-M. In this case, the outlying subcarrier issue arises only in DL.
[bookmark: _Toc7793738]In UL scenario, PRB alignment between NR and LTE-M is possible when the total number of NR RBs is even.  

Odd number of NR RBs 



As we can see, it is not possible to have PRB alignment between NR and LTE-M when there is an odd number of NR RBs.

[image: ]
Figure 2: Outlying LTE-M subcarriers in UL.

Considering channel raster position and the 7.5 kHz UL shift option in NR, we can show that, for odd number of NR RBs, the minimum number of outlying LTE-M subcarriers is 2.
To show this, let us assume that the 36th LTE-M subcarrier (the middle subcarrier) is on an NR subcarrier with index   relative to the NR channel raster. Also  is the index of the last subcarrier of an NR RB.


The number of outlying LTE-M subcarriers can be determined by:

It can be shown that  can be 2 or 6, depending on the location of the LTE-M carrier.

[bookmark: _Ref7177737]Table 3: Performance loss (%) of LTE-M UE due to subcarrier puncturing in UL (odd number of NR RBs)
	
	Number of LTE-M PRBs allocated to an LTE-M UE

	
	1
	2
	3
	4
	5
	6

	Number of punctured outlying LTE-M subcarriers
	2
	16.66
	8.33
	5.55
	4.16
	3.33
	2.77

	
	6
	50
	25
	16.66
	12.5
	10
	8.33



It should be noted that Rel-15 introduces PUSCH sub-PRB allocation in CE mode A and B. In this case, UL resource allocation at sub-PRB level can be 6 or 3 subcarriers. This feature can be used to avoid scheduling LTE-M UEs on outlying subcarriers thus eliminating the need for puncturing outlying subcarriers. For instance, in case of outlying LTE-M subcarriers, it is possible to only allocated 6 subcarriers (of a PRB) to an LTE-M UE and avoid using another 6 outlying subcarriers. 

[bookmark: _Toc7039342][bookmark: _Toc7193922][bookmark: _Toc7193923][bookmark: _Toc7793739]For odd number of NR RBs, full PRB alignment between NR and LTE-M is not possible in UL. The possible number of outlying LTE-M subcarriers in UL is 2 or 6.
[bookmark: _Toc7793740]LTE-M PUSCH sub-PRB allocation can be used to avoid allocating outlying REs to LTE-M UEs.
[bookmark: _Toc7793741]Truncation of outlying LTE-M UL subcarriers would impact several signal quality aspects (including PAPR, orthogonality, etc.) and require both RAN1 and RAN4 study.


Joint FDD DL/UL consideration
Typically, there is a fixed duplex separation between LTE-M carriers in UL and DL. Duplex spacing depends on the frequency band. For instance, on band n8 the duplex spacing is 45 MHz for both LTE-M and NR.   
The number of LTE-M outlying subcarriers in UL can be different than DL due to: (1) there is no DC subcarrier in UL, and (2) there is a 7.5 kHz shift for NR UL carrier. Considering these two factors, the number of UL LTE-M outlying subcarriers is related to DL outlying subcarriers by:
 when outlying subcarriers are at the left side of NR RBs
 , when outlying subcarriers are at the right side of NR RBs
where  and  are the number of outlying subcarriers in UL and DL, respectively.

[image: ]
Figure 3: FDD duplex.

Consequently, we have the following results:
· For an even number of NR RBs, the minimum number of outlying subcarriers is 0 in UL and 1 in DL.
· For an odd number of NR RBs, the minimum number of outlying subcarriers is 2 in both UL and DL.

[bookmark: _Toc7793750]RAN1 does not further consider puncturing of more than two outlying subcarriers in FDD UL and DL.

LTE-M DMRS considerations in puncturing
Demodulation reference signal (DMRS) transmitted in UL and DL enables coherent demodulation. In UL, DMRS is transmitted on one OFDM symbol in each slot over the entire PUSCH bandwidth (in each PRB used for data). In DL, the DMRS can be transmitted to different devices from antenna ports 7-10 for PDSCH and antenna ports 107-110 for MPDCCH.
In DL, since NR UEs can rate match around LTE CRS, there is no need to puncture CRS when it is on outlying subcarriers. However, NR UEs do not perform rate matching around LTE-M DMRS. In case of having DMRS on outlying subcarriers, two options can be considered:
1) Puncturing DMRS: This is beneficial for NR from resource utilization point of view. However, it degrades the performance of the LTE-M system.
2) Not puncturing DMRS: This allows maintaining LTE-M performance at the cost of using an extra NR RB.

[bookmark: _Toc7793742]To avoid any LTE-M performance degradation, LTE-M DMRS may not be punctured when it is transmitted on outlying subcarriers. 

Rate-matching around outlying subcarriers
Rate-matching around the outlying subcarrier in DL can be done for either NR UE or LTE-M UE. This will require additional signaling between a base station and its UE. Rate-matching around the outlying subcarrier can improve the performance in terms of Block Error Rate (BLER) compared to puncturing. However, its implementation complexity and signaling overhead must be considered in NR and LTE-M coexistence. We note that the performance and complexity of rate matching compared to puncturing depends also on the number of outlying subcarriers. For example, in case of one outlying subcarrier, the performance loss due puncturing is not significant. Hence, for small number of outlying subcarriers (e.g., 1 or 2), puncturing can be considered. 
Meanwhile, in order to perform rate matching a UE needs to be aware of the unusable resource elements and capable of doing rate matching.  For legacy UEs which are not able to do rate matching, puncturing is a viable option due to its low-complexity implementation. 
[bookmark: _Toc7793751]To handle LTE-M outlying subcarriers, puncturing should be selected over rate matching due its lower complexity and compatibility with legacy UEs. 

Improved LTE-M resource reservation
The NR SSB discussed above is one of the crucial components in an NR carrier that needs to be considered when deploying LTE-M carriers in the same band. There may be also other cases where it would be beneficial if the LTE-M system avoids resources that are desired to be used by an NR system. In many cases, it is enough to handle this by having the LTE-M and NR schedulers divide the resources on a PRB and subframe/slot level, but in some cases, it may also be useful if LTE-M and NR transmission can coexist within the same PRBs. 
NR transmissions for which to reserve LTE-M resources
One example where it may be beneficial to be able to use LTE-M and NR in the same PRB is where NR is transmitting the initial CORESET associated with the NR Type0-PDCCH search space, which occurs in a regular pattern depending on the configuration in NR. This initial CORESET can be configured in several ways related to the location and size in terms of number of OFDM symbols and number of PRBs in frequency domain. 
[bookmark: _Hlk1041049]One way to solve the coexistence is to avoid LTE-M transmission in all such subframes, for example by declaring them as non-BL/CE DL subframes. This may, however, restrict the resources available for LTE-M in an undesired way. 
Alternatively, the initial CORESET can be placed in one of the first few symbols and have these reserved for an LTE-M UE by defining these symbols to correspond to the LTE control region size. Again, this may lead to unnecessary unused resources for LTE-M in some scenarios, for example in subframes where the initial CORESET is not transmitted.
Another option is to have the eNB transmitting the LTE-M signal avoid the resource elements overlapping with the transmission pattern of the initial CORESET. It may then be beneficial for a Rel-16 UE to be notified on this pattern in order not to degrade the performance by configuring reserved resources for NR. 

[image: ]
Figure 4: Example of NR CORESET and LTE control region.

Moreover, in NR, the Synchronization Signal Block (SS block or SSB) which consists of synchronization signals (PSS and SSS) and PBCH should be protected. Time synchronization and frequency synchronization are done using PSS and SSS. Also, PBCH carries basic system information such as master information block (MIB) and determines essential parameters for initial access of the cell including the downlink system bandwidth, and the system frame number. 
In frequency domain, one SSB block occupies 20 contiguous resource blocks which is equivalent to 240 subcarriers. In time domain, one SSB block spans over 4 OFDM symbols. Among the four symbols, one symbol is for PSS, one symbol is for SSS, and 2 symbols are for PBCH. Figure 5 illustrates the time and frequency structure of the NR SSB block. 
To support initial access and beam management, NR supports SS burst set which consists of multiple SS blocks confined within a 5 ms window. Depending on the system bandwidth and deployed frequency band, up to 64 SS blocks can be transmitted within a SS burst set. During initial cell selection process, the default periodicity for SSB is 20 ms.

[bookmark: _Toc7793743]LTE-M resource reservation with finer granularity than today’s LTE-M DL and UL subframe bitmaps may be beneficial for enabling rate matching around NR resources, such as initial CORESET and SSB.

[image: ]
[bookmark: _Ref527646860]Figure 5: SSB block structure in NR.


Granularity for LTE-M resource reservation in NR with 15 kHz SCS
Resource reservation in LTE-M can be done in subframe-level, slot-level, and symbol-level. Subframe-level resource reservation is already possible in LTE-M using the concept of invalid subframe. Having a finer resource reservation (e.g., slot-level or symbol-level) can have two advantages: 1) it improves the resource utilization in NR and LTE-M coexistence, and 2) it facilitates the coexistence of NR URLLC services with LTE-M. Nevertheless, introducing slot-level and symbol-level require changes in the LTE-M system and increase the complexity.
Here, we determine the potential performance improvement of LTE-M when resource reservation is done with a granularity smaller than the subframe-level. Our analysis is based the following considerations:
· We focus on CORESET#0 that corresponds to the CORESET configured in MIB. Time domain periodicity:  every NR slot. 

· For 15 kHz SCS, one NR slot is equivalent to one LTE-M subframe (i.e., two LTE-M slots).

· For performance evaluation, we consider the common CORESET configurations [2] in Table 4.

· Case A SSB pattern: 4 SSBs within 5 ms with 20 ms periodicity 

10 MHz NR system bandwidth, and LTE-M traffic scheduled within a single narrowband (6 PRBs).

· We determine the number of time-frequency resources (i.e., REs) available for LTE-M in each 20 ms period. 

· We find the LTE-M performance improvement in terms of throughput (number of REs) by adopting slot-level and symbol-level resource reservation, compared to the subframe-frame level LTE-M resource reservation.

[bookmark: _Ref7195827]Table 4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz [2].
	Index
	
Number of RBs 
	
Number of Symbols  

	0
	24 
	2 

	1
	24 
	2 

	2
	24 
	2 

	3
	24 
	3 

	4
	24 
	3 

	5
	24 
	3 



Note that depending on the location of LTE-M, there might be overlap between LTE-M and NR CORESET PRBs in frequency domain. Let N be the number of LTE-M PRBs that overlap with NR CORESET. Clearly, N can be any integer from 0 (no overlap in frequency domain) to 6 (full overlap).

· Case 1: Subframe-level resource reservation in LTE-M
· Number of REs available for LTE-M in each 20ms = (6-N)*12*14*20

· Case 2: Slot-level resource reservation in LTE-M 
· Number of REs available for LTE-M in each 20ms = [(6-N)*12*14*20]+[ 12* N*7*20]

· Case 3: Symbol-level resource reservation in LTE-M
· Number of REs available for LTE-M in each 20ms = [(6-N)*12*14*20]+[12*N*(14*20-4*4-p*20)] , where p is the number of CORESET symbols in each NR slot.

Table 5: Performance improvement compared to subframe-level (CORESET index 0-2).
	Number of LTE-M PRBs overlapping with NR CORESET/SSB
	Improvement using slot-level (instead of subframe-level) resource reservation
	Improvement using symbol-level (instead of subframe-level) resource reservation

	0
	0%
	0%

	1
	10%
	16%

	2
	25%
	40%

	3
	50%
	80%

	4
	100%
	160%

	5
	250%
	400%

	6
	Not possible to deploy LTE-M using subframe-level, but possible with slot-level
	Not possible to deploy LTE-M using subframe-level, but possible with symbol-level



Table 6:  Performance improvement compared to subframe-level (CORESET index 3-5).
	Number of LTE-M PRBs overlapping with NR CORESET/SSB
	Improvement using slot-level (instead of subframe-level) resource reservation
	Improvement using symbol-level (instead of subframe-level) resource reservation

	0
	0%
	0%

	1
	10%
	14%

	2
	25%
	36%

	3
	50%
	72%

	4
	100%
	145%

	5
	250%
	364%

	6
	Not possible to deploy LTE-M using subframe-level, but possible with slot-level
	Not possible to deploy LTE-M using subframe-level, but possible with symbol-level



In the current LTE-M system the bitmap length is 10 or 40 bits for indicating valid/invalid subframes within one or four frames. In order to support slot-level resource reservation with the same time span, an optional bitmap parameter of length 20 or 80 bits can be introduced. To support symbol-level resource reservation with full granularity, the bitmap length would need to be 140 or 560.

[bookmark: _Toc7039347][bookmark: _Toc7193927][bookmark: _Hlk6757427][bookmark: _Toc7793744]The performance improvement of LTE-M by adopting slot-level or symbol-level (instead of subframe-level) resource reservation depends on the CORESET and SSB configurations as well as the position of LTE-M carrier inside NR.
[bookmark: _Toc7793745]The gain of using smaller LTE-M resource reservation granularity than a subframe-level can be significant.
[bookmark: _Toc7793746]Bitmap parameters for slot-level or symbol-level resource reservation would require quite many bits for each frame (20 and 140 bits, respectively) in the reservation pattern, and therefore it may be worthwhile to study more efficient signaling means than bitmap parameters.
[bookmark: _Toc7793752][bookmark: _Hlk7439465]At least slot-level LTE-M resource reservation should be introduced to help avoid overlap between LTE-M and NR CORESET/SSB. It is FFS whether to use a bitmap parameter or some other signaling means.

Dropping or postponing LTE-M transmission in reserved resources
LTE-M transmissions in reserved resources for NR can be either dropped or postponed. While postponing the LTE-M transmissions can lead to a higher detection performance compared to the dropping operation, it increases scheduling complexity. Particularly, the postpone operation becomes more complicated if symbol-level resource reservation is supported in LTE-M.  Since in time domain only few symbols need to be reserved for NR CORESET (depending on the configuration) and SSB (4 symbols in 20ms), the detection performance will not be significantly degraded when dropping operation is used. 
Therefore, given its low implementation complexity and low impact on the detection performance, the dropping operation can be considered for LTE-M transmissions in reserved resources. (It can be noted that the same approach can potentially be considered for legacy LTE-M devices as a crude way for eNB/gNB to tackle potential collisions between LTE-M and NR transmissions.)
[bookmark: _Toc4089310][bookmark: _Toc7793753]LTE-M transmissions in the finer-granularity reserved resources are dropped (i.e., not postponed).

Uplink scenario
In the coexistence scenario, NR uplink signals/channels (e.g., PRACH and SRS) can be protected by proper scheduling.  Let’s consider PRACH which is used to carry random access preamble from UE to gNB to allow uplink timing synchronization between UE and gNB. For the random-access preamble, NR supports two different sequence lengths with various formats. The time-frequency structure of PRACH depends on the length of sequence as well as the format configuration. For long preamble (suitable for large cells), PRACH can occupy 6 or 24 RBs, depending on the subcarrier spacing. For short preamble (suitable for normal/small cells), PRACH spans over 12 RBs. 
Depending on NR and LTE-M system bandwidths, overlap between LTE-M and NR PRACH in UL can be avoided in frequency domain. For example, in coexistence of 10 MHz NR (with 52 RBs) and 1.4 MHz LTE-M, collision between UL LTE-M and NR PRACH can be prevented by allocating different RBs. For challenging bandwidth combinations (e.g., 5 MHz NR with 1.4 MHz LTE-M), invalid LTE-M subframe configuration in UL can be used to protect PRACH.

[bookmark: _Toc7793747]Overlap between NR PRACH and LTE-M in uplink can be avoided in frequency domain or, if needed, by using UL invalid LTE-M subframe configuration. 
[bookmark: _Toc7793754]No finer resource reservation granularity than subframe-level is needed for protecting NR PRACH in uplink.

Granularity for LTE-M resource reservation in NR with SCS higher than 15 kHz
Compared to LTE numerology where only one type of subcarrier spacing (15 kHz) is considered, NR supports different types of subcarrier spacing. Consequently, slot (or mini-slot in NR) length can be different between NR and LTE-M, depending on numerology. For the 30 kHz NR subcarrier spacing case, OFDM symbol duration and subframe duration are shown in Figure 6 and Figure 7. In NR, frame, subframe, and slot are, respectively, 10 ms units, 1 ms units, and 14 OFDM symbols. Clearly, the NR symbol duration decreases by increasing the SCS. 
[image: ]
[bookmark: _Ref4420963]Figure 6: Frame structure in NR for 30 kHz subcarrier spacing.


[image: ]
[bookmark: _Ref4430039]Figure 7: Time-frequency domain of NR (30 kHz SCS) and LTE-M (15 kHz).

[bookmark: _Hlk4753461]One of the key benefits of higher SCS is that transmission latency decreases by decreasing the symbol duration. Therefore, higher SCS is useful for supporting NR URLLC services. In this regard, it is important to ensure efficient coexistence between NR and LTE-M. To this end, LTE-M resource reservation can be considered to avoid collision between LTE-M and NR transmissions. 
Clearly, the performance of NR services can be maintained if collision between LTE-M and NR transmissions is prevented. This can be done by reserving LTE-M resources for NR transmissions. Since by increasing the NR SCS the NR transmissions occur within a shorter duration, collision between NR and LTE-M can be avoided without reducing the time duration of reserved LTE-M resources. Hence, there is no need to scale down the granularity of LTE-M resource reservation when increasing the NR SCS. 

[image: ]
Figure 8: LTE-M resource reservation in 15 and 30 kHz NR SCS cases.


[bookmark: _Toc7793748]The performance of NR services (e.g., URLLC) in higher NR SCS cases can be maintained while using the same granularity of LTE-M resource reservation used for the 15 kHz NR SCS case. 
[bookmark: _Toc7793755]The granularity of LTE-M resource reservation does not need to be scaled according to NR SCS.  

Conclusions
In this contribution we have investigated the coexistence between NR and LTE-M systems. In summary, the following observations can be made:

Observation 1	The performance loss for an LTE-M UE due to subcarrier puncturing would depend on the number of punctured subcarriers and the number of PRBs allocated to the LTE-M UE.
Observation 2	In case of puncturing one outlying subcarrier without rate matching, the rate loss for an LTE-M UE is at most 8.33%. The rate loss due to puncturing two LTE-M subcarriers is at most 16.66%.
Observation 3	In UL scenario, PRB alignment between NR and LTE-M is possible when the total number of NR RBs is even.
Observation 4	For odd number of NR RBs, full PRB alignment between NR and LTE-M is not possible in UL. The possible number of outlying LTE-M subcarriers in UL is 2 or 6.
Observation 5	LTE-M PUSCH sub-PRB allocation can be used to avoid allocating outlying REs to LTE-M UEs.
Observation 6	Truncation of outlying LTE-M UL subcarriers would impact several signal quality aspects (including PAPR, orthogonality, etc.) and require both RAN1 and RAN4 study.
Observation 7	To avoid any LTE-M performance degradation, LTE-M DMRS may not be punctured when it is transmitted on outlying subcarriers.
Observation 8	LTE-M resource reservation with finer granularity than today’s LTE-M DL and UL subframe bitmaps may be beneficial for enabling rate matching around NR resources, such as initial CORESET and SSB.
Observation 9	The performance improvement of LTE-M by adopting slot-level or symbol-level (instead of subframe-level) resource reservation depends on the CORESET and SSB configurations as well as the position of LTE-M carrier inside NR.
Observation 10	The gain of using smaller LTE-M resource reservation granularity than a subframe-level can be significant.
Observation 11	Bitmap parameters for slot-level or symbol-level resource reservation would require quite many bits for each frame (20 and 140 bits, respectively) in the reservation pattern, and therefore it may be worthwhile to study more efficient signaling means than bitmap parameters.
Observation 12	Overlap between NR PRACH and LTE-M in uplink can be avoided in frequency domain or, if needed, by using UL invalid LTE-M subframe configuration.
Observation 13	The performance of NR services (e.g., URLLC) in higher NR SCS cases can be maintained while using the same granularity of LTE-M resource reservation used for the 15 kHz NR SCS case.

Based on our observations and the discussion in the paper we have the following proposals:

Proposal 1	Limit the performance loss from potential puncturing by restricting any potential puncturing of outlying LTE-M DL subcarriers to at most two subcarriers.
Proposal 2	RAN1 does not further consider puncturing of more than two outlying subcarriers in FDD UL and DL.
Proposal 3	To handle LTE-M outlying subcarriers, puncturing should be selected over rate matching due its lower complexity and compatibility with legacy UEs.
Proposal 4	At least slot-level LTE-M resource reservation should be introduced to help avoid overlap between LTE-M and NR CORESET/SSB. It is FFS whether to use a bitmap parameter or some other signaling means.
Proposal 5	LTE-M transmissions in the finer-granularity reserved resources are dropped (i.e., not postponed).
Proposal 6	No finer resource reservation granularity than subframe-level is needed for protecting NR PRACH in uplink.
Proposal 7	The granularity of LTE-M resource reservation does not need to be scaled according to NR SCS.
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