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Introduction
In the “Revised WID: Additional MTC enhancements for LTE” ‎[1] it was agreed to specify performance improvement aspects in coexistence of LTE-M with NR.
· Specify the following performance improvements for LTE-MTC coexistence with NR [RAN1, RAN2, RAN4]
· LTE-MTC resource reservation at least in the time domain with at least one of slot-level and symbol-level granularity at least in DL to avoid resource overlap between NR and LTE-MTC when LTE-MTC is deployed within an NR carrier
· LTE-MTC subcarrier puncturing for a small number of LTE-MTC DL subcarriers (excluding CRS) to reduce the number of NR resource blocks that need to be reserved for LTE-MTC when LTE-MTC is deployed within an NR carrier

In RAN1#98, the following agreements were made for NR coexistence with LTE-MTC:
	Agreement
· FFS: till the next meeting whether the LTE-MTC DL subcarrier puncturing applies per scheduled transmission and/or per narrowband and/or per system bandwidth
· DL subcarrier puncturing is supported on both sides of [transmission bandwidth]
· The maximum number of LTE-MTC DL subcarriers that can be punctured is 2
· The [maximum] number of punctured subcarriers and their locations are configured by higher layers via [SIB or UE-specific RRC signaling]. It is FFS whether DCI can override or modify the higher-layer configuration.
· The same higher-layer configuration of [maximum] number of punctured subcarriers and their locations apply to both MPDCCH and PDSCH.
· FFS: till the next meeting whether DMRS, CSI-RS and SFBC RE pairs are punctured or not.

Agreement
· LTE-MTC DL time-domain resource reservation is supported with a finer granularity than slot level. Transmissions in these reserved resources are dropped.
· FFS: How to handle DMRS
· Support LTE-MTC DL time-domain resources reservation with slot-level granularity. Transmissions in these reserved resources are dropped.
· Whether to support LTE-MTC UL time-domain resource reservation and/or LTE-MTC DL frequency-domain resource reservation is FFS.
· The LTE-MTC resource reservation is configured by higher layers via [SIB or UE-specific RRC signaling]. It is FFS whether DCI can override or modify the higher-layer configuration.
· It is FFS whether/how the higher layer configuration relates to the existing Rel-13 parameters for LTE-MTC valid subframe configuration and MBSFN configuration.




In RAN1#98bis, the following agreements were made for NR coexistence with LTE-MTC:
	Agreement
For resource reservation for LTE eMTC in Rel-16, the configuration is independent from legacy subframe level resource reservation.

Agreement
For LTE-MTC resource reservation, for unicast, symbols of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured
· FFS: CSI-RS

Agreement
For LTE-MTC resource reservation, UL resource reservation for LTE eMTC with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.

Agreement
For LTE-MTC resource reservation, for unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled LTE eMTC transmission.

Agreement
For LTE-MTC resource reservation, the higher-layer configuration is cell-specific.

Agreement
LTE-MTC DL frequency-domain resource reservation is supported.
-  FFS: granularity of resource reservation.

Agreement
The puncturing feature is configured by higher layers via SIB (details FFS).

Agreement
From UE point of view, if one RE of the SFBC RE pair is configured as the punctured subcarrier, the SFBC pair is assumed to be punctured.

Agreement
LTE MTC DL subcarrier puncturing applies to CSI-RS.




In this contribution, we discuss further aspects of improved LTE-M resource block alignment and improved LTE-M resource reservation.
Puncturing of LTE-M outlying subcarriers in DL
Applying subcarrier puncturing for LTE-M
In RAN1#98 it was discussed whether subcarrier puncturing is applied per LTE-M narrowband or groups of narrowbands, per the set of PRBs used for actual transmissions, or per system bandwidth. The different options will be discussed more in the following. 
PDSCH has a dynamic use of PRBs, such that, e.g., a PDSCH transmission may use any allocation size between 1 and 6 PRBs. In this case, applying subcarrier puncturing to PRBs which are used for actual LTE-M transmissions may be useful to enable that the punctured subcarrier can be used for NR instead. However, in another scenario, transmissions to multiple LTE-M users are frequency multiplexed within the narrowband, in which case it would be undesired to puncture subcarriers inside the narrowband. The optimal behavior may thus be scenario dependent, e.g. whether the scheduler primarily uses dynamic resource sharing between LTE-M users only, or between LTE-M and NR users. We therefore propose that the network may configure whether to apply puncturing per set of PDSCH PRBs or set of PDSCH narrowbands.
MPDCCH can be configured with an MPDCCH PRB set of 2, 4, or 6 PRBs. Hence, for MPDCCH it may be useful to consider subcarrier puncturing being applied per MPDCCH PRB set. For example, for an MPDCCH PRB set of 2 PRBs, the remaining 4 PRBs may be used for NR users, in which case subcarrier puncturing may be beneficial, or for LTE-M PDSCH transmissions, in which case puncturing should be avoided. Which one of these cases that primarily occurs may be scenario dependent, and we therefore propose that the network may configure whether to apply puncturing per MPDCCH PRB set or per MPDCCH narrowband.
The option to puncture per system bandwidth has in our view some limitations and should be avoided. Particularly, for most system bandwidths the outermoste PRBs are not part of any narrowband (see Table 1),  and thus any puncturing would not make much sense. Instead, it would be more appropriate to puncture over the set of narrowbands used within the system bandwidth, which is covered by ‎Proposal 1 below.
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Figure 1: Per-narrowband puncturing.
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Figure 2: Puncturing for a set of PRBs.
[bookmark: _Toc19117935][bookmark: _Toc20144537]
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[bookmark: _Ref16078739]Figure 3: Locations of a narrowband within a 5 MHz LTE carrier with 25 PRBs.
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Figure 4: Narrowbands for 3 MHz LTE system bandwidth.


[bookmark: _Ref16078686]Table 1: LTE-M narrowbands
	LTE system bandwidth
	Total number of PRBs
	Number of narrowbands
	PRBs which are not in any narrowband

	1.4 MHz
	6
	1
	None

	3 MHz
	15
	2
	3 PRBs: 1 on each edge+ 1 at the center

	5 MHz
	25
	4
	1 at the center

	10 MHz
	50
	8
	2 PRBs: 1 on each edge

	15 MHz
	75
	12
	3 PRBs: 1 on each edge+ 1 at the center

	20 MHz
	100
	16
	4 PRBs: 2 on each edge




[bookmark: _Toc24124741]It can be beneficial to configure the subcarrier puncturing applicability to match scheduler flexibility and/or different deployment scenarios.
[bookmark: _Toc20151757][bookmark: _Toc24124742]Subcarrier puncturing per narrowband (or groups of narrowbands) can be particularly useful 
a) when there is no dynamic resource sharing between NR and LTE-M, and/or
b) in deployment scenarios when narrowbands allocated to LTE-M traffic are highly utilized, and/or
c) when several LTE-M users are likely to be multiplexed within a narrowband.
[bookmark: _Toc23506432][bookmark: _Toc24124743]Subcarrier puncturing per transmission (or set of PRBs) can be particularly useful
a) when there is flexible resource sharing between NR and LTE-M, and/or
b) in deployment scenarios when narrowbands allocated to LTE-M traffic are sparsely utilized with partial narrowband allocation.
[bookmark: _Toc24124744][bookmark: _GoBack]Subcarrier puncturing for a set of narrowbands is more effective than the per-system bandwidth puncturing for most supported system bandwidths.  
[bookmark: _Toc24071293][bookmark: _Toc24065965][bookmark: _Toc21097356][bookmark: _Toc21097513][bookmark: _Toc21098120][bookmark: _Toc21099540][bookmark: _Toc21100845][bookmark: _Toc21097357][bookmark: _Toc21097514][bookmark: _Toc21098121][bookmark: _Toc21099541][bookmark: _Toc21100846][bookmark: _Toc21097358][bookmark: _Toc21097515][bookmark: _Toc21098122][bookmark: _Toc21099542][bookmark: _Toc21100847][bookmark: _Toc24124745]The per-PRBs puncturing (used for actual transmission) provides flexibility and can be more effective (for resource utilization) than the per-narrowband and per-system bandwidth cases.
[bookmark: _Toc24071300][bookmark: _Toc24065971][bookmark: _Toc24071301][bookmark: _Toc24065972][bookmark: _Ref24113433][bookmark: _Toc24124749]Subcarrier puncturing can be applied at the edges of: 
[bookmark: _Toc24124750]a)	a set of N narrowbands. Number of narrowbands is determined based on the LTE system bandwidth. One option is to consider fixed N ∊ {1, 2, 4, 8, 12, 16} for each system bandwidth (BW), and different system bandwidths can have different N. For example, N=1 for BW ≤ 3 MHz, and N=2 for BW > 3 MHz.
[bookmark: _Toc24124751]b)	transmission PRBs used for PDSCH and per-PRB set used for MPDCCH.
[bookmark: _Toc24071305][bookmark: _Toc24065976][bookmark: _Toc24124752]Whether the subcarrier puncturing feature is considered for a set of narrowbands or a set of PRBs is configurable.
[bookmark: _Toc24124753]Subcarrier puncturing is applied to unicast transmissions of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI.
[bookmark: _Toc24124754]Subcarrier puncturing is never applied inside contiguously allocated PRBs (e.g. for Cat-M2 UEs or for flexible PRB start).


[bookmark: _Toc7039342][bookmark: _Toc7193922][bookmark: _Toc7193923]Signalling aspects of subcarrier puncturing
The subcarrier puncturing feature can be semi-statically configured by higher signaling. Since the DCI can only affect the PDSCH transmission, not the MPDCCH transmission, we need to have a higher-layer solution that does not rely on DCI signaling. There could be a cell-specific SIB configuration of puncturing for both unicast and broadcast transmissions (e.g., PBCH, SIB, random access, paging). Possibly, in addition, this can be overridden by UE-specific RRC configuration of puncturing for unicast transmissions. The higher-layer signaling can indicate whether the feature is supported, and how many subcarriers on the right edge or left edge of the PRBs are punctured.
Regarding the number of subcarriers to puncture, it can be noted that this typically is different depending on whether the LTE-M PRB is located below or above the DC subcarrier, see Figure 5. We have two cases:
1. In case of puncturing on the right edge of PRBs/narrowbands, the number of outlying subcarriers for PRBs/narrowbands above DC is one more than those below DC.
2. In case of puncturing on the left edge of PRBs/narrowbands, the number of punctured subcarriers for PRBs/narrowbands above DC is one less than those below DC.

Given this relation between PRBs/narrowbands above and below the DC, we do not need to signal them separately. In Figure 5, the center part with grey boxes illustrate the PRB grid for NR to use as reference, and the other rows indicate different LTE-M PRB locations. In the row immediately above the NR one, PRBs to the left are aligned with the NR grid, whereas the PRBs to the right are shifted by one subcarrier due to the DC subcarrier. When applying puncturing in this case, there is no need to puncture any subcarriers in the PRBs aligned with the NR grid, i.e. below the DC subcarrier, but only apply the puncturing of one subcarrier for the PRBs above the DC subcarrier. This is indicated by the “+1” to the left in the figure. Similarly, for the row below the NR grid, a “-1” indicates that one subcarrier is punctured below the DC subcarrier but none above. For the rows marked “-2” and “+2”, one less subcarrier is punctured in PRBs on the other side of the DC subcarrier. 
[image: ]
[bookmark: _Ref21098687]Figure 5: An illustrative example of number of subcarriers to puncture for different PRB locations.

[bookmark: _Toc20908531][bookmark: _Toc21097138][bookmark: _Toc21097368][bookmark: _Toc21097524][bookmark: _Toc21098131][bookmark: _Toc21099551][bookmark: _Toc21100855][bookmark: _Toc23506447][bookmark: _Toc23519339][bookmark: _Toc24068003][bookmark: _Toc24068513][bookmark: _Toc24068550][bookmark: _Toc24068587][bookmark: _Toc24068624][bookmark: _Toc24068668][bookmark: _Toc24071308][bookmark: _Toc24065979][bookmark: _Toc23506448][bookmark: _Toc23519340][bookmark: _Toc24068004][bookmark: _Toc24068514][bookmark: _Toc24068551][bookmark: _Toc24068588][bookmark: _Toc24068625][bookmark: _Toc24068669][bookmark: _Toc24071309][bookmark: _Toc24065980][bookmark: _Toc24124755]Configuration parameters can indicate the number of LTE-M subcarrier(s) which need to be punctured, using {+1, +2} values for puncturing 1 or 2 subcarriers on the right edge of PRBs or narrowband, and {-1, -2} values for puncturing 1 or 2 subcarriers on the left edge of PRBs or narrowband.
[bookmark: _Toc24124756]An indicated positive number of subcarriers applies to PRBs above the DC subcarrier, and an indicated negative number of subcarriers applies to PRBs below the DC subcarrier. On the other side of the DC subcarrier, one less subcarrier is punctured.

Puncturing of DMRS and CSI-RS 
In LTE-M, Demodulation Reference Signals (DMRS) are used for channel estimation and coherent demodulation at UE. The DMRS are configured per device and can be used for demodulation of PDSCH or MPDCCH. DMRS can be transmitted to different UEs from up to 4 antenna ports (7–10 for PDSCH and 107–110 for MPDCCH). The time-frequency locations of DMRS in affected PRBs are shown in Figure 6. As we can see, there are 12 REs for DMRS within a PRB transmitted from an antenna port.
Given the structure of the DMRS, in case of puncturing a single LTE-M outlying subcarrier, 4 REs carrying DMRS might be punctured. This corresponds to one third of the 12 DMRS REs (at one antenna port) which can have a significant impact on the channel estimation and demodulation performance.

[image: ]
[bookmark: _Ref18777841]Figure 6: DMRS locations in LTE-M.

[bookmark: _Toc24071312][bookmark: _Toc24065983][bookmark: _Toc20908535][bookmark: _Toc24124757]Outlying subcarrier(s) that carry LTE-M DMRS are not punctured.

Improved LTE-M resource reservation
There may be several cases where it would be beneficial if the LTE-M system avoids resources that are desired to be used by an NR system. In some 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.
Resource reservation methods
DL/UL time-domain resource reservation
[bookmark: _Hlk13565170]A flexible way to indicate reserved resources in LTE-M is to use a set of bitmaps. In particular, a bitmap with a specific length can point out to time-domain resources (symbols, slots, or subframes) which should not be used by LTE-M UEs. In order to have a flexible resource reservation scheme, within each subframe, various patterns can be considered for reserving symbols/slots.  In the current LTE-M system, the bitmap length is 10 or 40 bits for indicating valid/invalid subframes within one or four frames (i.e., 10 ms or 40 ms). 
In order to have flexibility while having reasonable overhead, we propose to have a bitmap with a fixed length of 20 bits or 80 bits for indicating reserved resources within 10 ms and 40 ms. Each pair of bits refers to a pattern for reserved symbols or slots within each subframe. Hence, we can support four different patterns of reserved resources within subframes.  This method allows supporting slot-level resource reservation and four configurable patterns for symbol-level resource reservation.
As an example, for 20 ms periodicity, we can use 10 pairs of bits (total 20 bits) to indicate which slots are reserved within each subframe.
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[bookmark: _Ref24038387]Figure 7: Example of indicating reserved resources (slots).

Yet, in another example, we can use 10 sets of bits (total 20 bits), with each set having two bits to indicate reserved symbols patterns within each subframe (as illustrated in Figure 8).

[image: ]
[bookmark: _Ref24003945]Figure 8: Example of indicating reserved symbols with four patterns.

Similarly, we can use 40 pairs of bits (total 80 bits) to indicate reserved symbols/slots within 80 ms periodicity. 
[bookmark: _Toc23506436][bookmark: _Toc23519328][bookmark: _Toc24067992][bookmark: _Toc24068502][bookmark: _Toc24068539][bookmark: _Toc24068576][bookmark: _Toc24068613][bookmark: _Toc24068657][bookmark: _Toc24071295][bookmark: _Toc24065967][bookmark: _Toc11834990][bookmark: _Toc13562345][bookmark: _Toc24124746]A bitmap-based time-domain resource reservation can provide flexibility with reasonable overhead.
[bookmark: _Toc24124758]A bitmap with length 20 bits or 80 bits is used for indicating reserved symbols and slots within 10 ms or 40 ms periodicity.
[bookmark: _Toc24124759]The periodicity of resource reservation (10 ms or 40 ms) and whether it applies to  symbol-level or slot-level are configurable.
[bookmark: _Toc24124760]Four possible patterns of reserved symbols/slots within each subframe are supported:
· [bookmark: _Toc24124761]Two patterns (out of four possible patterns) are used to indicate valid subframe and invalid subframe.
· [bookmark: _Toc24124762]For slot-level, the other two patterns indicate whether the first slot or the second slot is reserved
· [bookmark: _Toc24124763]For symbol-level, the other two patterns are configurable. 
[bookmark: _Toc16785869]
Another approach for reserving time-domain LTE-M resources is to first indicate start position, duration, and periodicity of reserved subframes (fully or partially), and then use a bitmap to indicate reserved symbols within a subframe. The main drawback of this method is that it can only indicate contiguous set(s) of subframes and it is not effective when an arbitrary set of non-contiguous subframes needs to be reserved. Moreover, this scheme is restrictive compared to what can be achieved with Rel-13 bitmap and the fully bitmap-based method which provide more flexibility.

DL frequency-domain resource reservation
As an example of when LTE-M PRBs overlap with NR signals/channels, consider when SSB partially overlaps with LTE-M in frequency domain. In this case, time-domain resource reservation can be applied only to those reserved PRBs. As an illustrative example, consider Figure 9 which shows potential overlap between NR and LTE-M transmissions. With only symbol-level LTE-M resource reservation, 24 LTE-M REs must be reserved for NR. However, by using both PRB-level and symbol-level resource reservation, 8 LTE-M REs need to be reserved. While using both time-domain and frequency-domain LTE-M resource reservation improves LTE-M resource efficiency, it increases the overhead. In order to have a reasonable overhead, the granularity of the frequency-domain resource reservation should be selected according to the LTE-M system bandwidth. Since in most of the cases overlap between LTE-M and NR (e.g., SSB and CORESET) in frequency domain will be a contiguous set of PRBs, LTE-M frequency-domain resource reservation can be considered for contiguous PRBs (as shown in Figure 10). This will reduce the potential overhead of LTE-M resource reservation.

[image: ]
[bookmark: _Ref19199557]Figure 9: NR and LTE-M overlap.
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[bookmark: _Ref23188184]Figure 10: Reserved LTE-M PRBs.

[bookmark: _Toc24124764]Frequency-domain LTE-M resource reservation is configured for a contiguous set of PRBs. 
[bookmark: _Toc24124765]LTE-M PRBs are reserved by indicating the starting PRB and the number of contiguous PRBs (i.e., length). 
[bookmark: _Toc24124766]The starting PRB index and the length are determined based on the locations of the LTE-M carrier and NR channels/signals which need to be protected.
[bookmark: _Toc24124767]For N LTE-M PRBs (indexing from 0 to N-1), we have the following conditions: 
· [bookmark: _Toc24124768]0 ≤ starting PRB index ≤ N-1 
· [bookmark: _Toc24124769]1 ≤ length ≤ N
[bookmark: _Toc24071322][bookmark: _Toc24065997][bookmark: _Toc24124770]Time and frequency domains resource reservations are jointly applied to indicate the reserved time-frequency LTE-M resources (two-dimensional chunk of resources as shown in Figure 9). That is, symbols are reserved only within PRBs indicated by frequency-domain resource reservation.

Using DCI for resource reservation
LTE-M time-frequency resource reservation is semi-statically configured. Such semi-static configuration is particularly useful for periodic and non-dynamically scheduled NR transmissions. Note that, since the DCI can only affect the PDSCH/PUSCH, not the MPDCCH, we need to have a higher-layer solution that does not only rely on DCI signaling.
[bookmark: _Hlk18843416]Dynamic DCI signaling can be beneficial in case of aperiodic NR transmissions (e.g., CSI-RS) and dynamic TDD scenarios. DCI can be used for dynamic activation/deactivation of semi-statically configured reserved LTE-M resources. Moreover, it might be very beneficial to be able to use the DCI to change the Rel-13 invalid subframes to valid or vice-versa.
[bookmark: _Toc24071324][bookmark: _Toc24065999][bookmark: _Toc21076903][bookmark: _Toc24124771]DCI can be used to make [some or all] of the Rel-13 invalid subframes valid for the duration of the scheduled PDSCH/PUSCH transmission.
[bookmark: _Toc24124772]A 1-bit DCI field indicates whether the Rel-13 valid subframe bitmap or the Rel-16 reserved resource configuration should apply.
[bookmark: _Toc24124773]If no Rel-16 reserved resource configuration is signaled in SIB, then the DCI bit can be used to select between the Rel-13 valid subframe bitmap and continuous transmission (which can be expressed as if the default value of the Rel-16 reserved resource configuration is ‘empty’ or ‘continuous transmission’).

Transmissions in reserved resources
In RAN1#98bis, it was agreed that for LTE-MTC resource reservation, for unicast, symbols of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources. For UL resource reservation we can a have similar mechanism.
[bookmark: _Toc24124774]For unicast LTE-M transmissions, PUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource are dropped (i.e., punctured) for symbol-level and slot-level reserved resources. 

Handling LTE-M DMRS
In RAN1#98, it was agreed to support LTE-MTC DL time-domain resource reservation with a finer granularity than slot level, and to drop transmissions in these reserved resources. Considering the relatively sparse time-frequency structure of DMRS within a PRB as well as NR flexibility, it should be possible to avoid collision between DMRS and NR essential signals/channels. Therefore, to prevent LTE-M performance loss, LTE-M DMRS is not reserved. That is, when reserving LTE-M symbols, we do not reserve symbols carrying DMRS.

[image: ]
Figure 11: DMRS locations in LTE-M.

[bookmark: _Toc24124747]Collision between DMRS and NR essential signals/channels can be avoided by proper time-frequency resource allocations. 
[bookmark: _Toc24124775]LTE-M resource reservation is not applied to symbols that carry DMRS.

Handling LTE-M CSI-RS
Channel State Information Reference Signal (CSI-RS) which was introduced in LTE Rel-10 is used by the UE for acquiring channel state information (CSI) and reporting back to eNB. CSI-RS is used for ordinary LTE UEs configured with DL transmission modes 9 and 10 and can also (since Rel-16) be used by LTE UEs configured with DL transmission mode 9 in CE mode A. The CSI feedback is less critical to the DL link performance than the CRS/DMRS reception, so it may be acceptable to reserve symbols carrying the CSI-RS. Furthermore, there are several ways to configure CSI-RS resources, which can be used to prevent collision with NR signals/channels. The CSI-RS configuration parameters are as follows:
· The number of CSI-RS: 1, 2, 4, or 8.
· The periodicity of CSI-RS: 5 ms, 10 ms, 20 ms, 40 ms, or 80 ms.
· The subframe offset within the CSI-RS period.
· The exact CSI-RS configuration (i.e., what resource elements) within a resource-block pair. There can be 20, 10, and 5 configurations for 1 (and 2), 4, and 8 CSI-RS.

[bookmark: _Toc24124748]Collision between CSI-RS and NR essential signals/channels can be avoided by proper configuration of CSI-RS and time-frequency allocations.
[bookmark: _Toc24124776]Symbols carrying LTE-M CSI-RS can be reserved.

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	It can be beneficial to configure the subcarrier puncturing applicability to match scheduler flexibility and/or different deployment scenarios.
Observation 2	Subcarrier puncturing per narrowband (or groups of narrowbands) can be particularly useful  a) when there is no dynamic resource sharing between NR and LTE-M, and/or b) in deployment scenarios when narrowbands allocated to LTE-M traffic are highly utilized, and/or c) when several LTE-M users are likely to be multiplexed within a narrowband.
Observation 3	Subcarrier puncturing per transmission (or set of PRBs) can be particularly useful a) when there is flexible resource sharing between NR and LTE-M, and/or b) in deployment scenarios when narrowbands allocated to LTE-M traffic are sparsely utilized with partial narrowband allocation.
Observation 4	Subcarrier puncturing for a set of narrowbands is more effective than the per-system bandwidth puncturing for most supported system bandwidths.
Observation 5	The per-PRBs puncturing (used for actual transmission) provides flexibility and can be more effective (for resource utilization) than the per-narrowband and per-system bandwidth cases.
Observation 6	A bitmap-based time-domain resource reservation can provide flexibility with reasonable overhead.
Observation 7	Collision between DMRS and NR essential signals/channels can be avoided by proper time-frequency resource allocations.
Observation 8	Collision between CSI-RS and NR essential signals/channels can be avoided by proper configuration of CSI-RS and time-frequency allocations.

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

Proposal 1	Subcarrier puncturing can be applied at the edges of:
a)	a set of N narrowbands. Number of narrowbands is determined based on the LTE system bandwidth. One option is to consider fixed N ∊ {1, 2, 4, 8, 12, 16} for each system bandwidth (BW), and different system bandwidths can have different N. For example, N=1 for BW ≤ 3 MHz, and N=2 for BW > 3 MHz.
b)	transmission PRBs used for PDSCH and per-PRB set used for MPDCCH.
Proposal 2	Whether the subcarrier puncturing feature is considered for a set of narrowbands or a set of PRBs is configurable.
Proposal 3	Subcarrier puncturing is applied to unicast transmissions of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI.
Proposal 4	Subcarrier puncturing is never applied inside contiguously allocated PRBs (e.g. for Cat-M2 UEs or for flexible PRB start).
Proposal 5	Configuration parameters can indicate the number of LTE-M subcarrier(s) which need to be punctured, using {+1, +2} values for puncturing 1 or 2 subcarriers on the right edge of PRBs or narrowband, and {-1, -2} values for puncturing 1 or 2 subcarriers on the left edge of PRBs or narrowband.
Proposal 6	An indicated positive number of subcarriers applies to PRBs above the DC subcarrier, and an indicated negative number of subcarriers applies to PRBs below the DC subcarrier. On the other side of the DC subcarrier, one less subcarrier is punctured.
Proposal 7	Outlying subcarrier(s) that carry LTE-M DMRS are not punctured.
Proposal 8	A bitmap with length 20 bits or 80 bits is used for indicating reserved symbols and slots within 10 ms or 40 ms periodicity.
Proposal 9	The periodicity of resource reservation (10 ms or 40 ms) and whether it applies to  symbol-level or slot-level are configurable.
Proposal 10	Four possible patterns of reserved symbols/slots within each subframe are supported:
	Two patterns (out of four possible patterns) are used to indicate valid subframe and invalid subframe.
	For slot-level, the other two patterns indicate whether the first slot or the second slot is reserved
	For symbol-level, the other two patterns are configurable.
Proposal 11	Frequency-domain LTE-M resource reservation is configured for a contiguous set of PRBs.
Proposal 12	LTE-M PRBs are reserved by indicating the starting PRB and the number of contiguous PRBs (i.e., length).
Proposal 13	The starting PRB index and the length are determined based on the locations of the LTE-M carrier and NR channels/signals which need to be protected.
Proposal 14	For N LTE-M PRBs (indexing from 0 to N-1), we have the following conditions:
	0 ≤ starting PRB index ≤ N-1
	1 ≤ length ≤ N
Proposal 15	Time and frequency domains resource reservations are jointly applied to indicate the reserved time-frequency LTE-M resources (two-dimensional chunk of resources as shown in Figure 9). That is, symbols are reserved only within PRBs indicated by frequency-domain resource reservation.
Proposal 16	DCI can be used to make [some or all] of the Rel-13 invalid subframes valid for the duration of the scheduled PDSCH/PUSCH transmission.
Proposal 17	A 1-bit DCI field indicates whether the Rel-13 valid subframe bitmap or the Rel-16 reserved resource configuration should apply.
Proposal 18	If no Rel-16 reserved resource configuration is signaled in SIB, then the DCI bit can be used to select between the Rel-13 valid subframe bitmap and continuous transmission (which can be expressed as if the default value of the Rel-16 reserved resource configuration is ‘empty’ or ‘continuous transmission’).
Proposal 19	For unicast LTE-M transmissions, PUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource are dropped (i.e., punctured) for symbol-level and slot-level reserved resources.
Proposal 20	LTE-M resource reservation is not applied to symbols that carry DMRS.
Proposal 21	Symbols carrying LTE-M CSI-RS can be reserved.
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