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1. Introduction
In the Rel-16 work item on “Additional MTC enhancements for LTE” [1], one of the objectives is to specify performance improvements for LTE-MTC coexistence with NR.
	The objective is to specify the following set of improvements for machine-type communications for BL/CE UEs.

[…]

Coexistence 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
· For LTE-MTC in-band operation co-existence with NR, RAN4 will investigate the following:
· 15 kHz, 30 kHz, and 60 kHz numerologies for NR FR1 bands, with higher priority given first to 15 kHz and then to 30 kHz
· Study feasible LTE-MTC placement allocation without RF backward compatibility impact and compatible with Rel-13 LTE-MTC and Rel-15 NR, to operate simultaneously within various NR channel bandwidths
· Channel raster, PRB and subcarrier grid alignment between LTE-MTC and NR
· Synchronization issue between LTE-MTC and NR, including timing advance
· Frequency band support in LTE-MTC and NR
· Testability applicability
· Compatibility for Rel-15 NR and Rel-13/14/15 LTE-MTC
· The case of NR configured with 15 kHz SS block SCS and the case of 30 kHz SS block SCS as specified in 38.101-1 are included in the study.
Note: After RAN1 concludes the objective on R16 LTE-MTC coexistence aspects, evaluate coexistence between R15 NR and R16 LTE-MTC.




[bookmark: _Ref178064866][bookmark: _In-sequence_SDU_delivery]This document provides a summary and recommendations based on contributions in [2] – [8].

LTE-MTC subcarrier puncturing
In RAN1#98 and RAN1#98bis, the following agreements were made regarding “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”.
	RAN1#98 agreements
· 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.

RAN1#98bis agreements
· The puncturing feature is configured by higher layers via SIB (details FFS)
· 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.
· LTE MTC DL subcarrier puncturing applies to CSI-RS




The table below summarizes proposals related to whether the LTE-MTC DL subcarrier puncturing applies per scheduled transmission and/or per narrowband and/or per system bandwidth.
	[2] Ericsson
	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).

	[3] Huawei, HiSilicon
	Proposal 1: The LTE-MTC DL subcarrier puncturing only applies per system bandwidth and is supported on both sides of the transmission bandwidth.
Proposal 3: No new transmission scheme is introduced after the outlying subcarrier is punctured or rate-matched around.

	[4] Nokia, Nokia Shanghai Bell
	Proposal 6: Puncturing applies per narrowband.
Proposal 7: Puncturing applies only to the edge PRB(s) of the allocated PRB(s).

	[5] LG Electronics
	Proposal 1: LTE MTC DL subcarrier puncturing per scheduled transmission is not supported in Rel-16 for LTE MTC DL subcarrier puncturing.
Proposal 2: Depending on whether the NR can use the resource within/across the LTE system bandwidth, for LTE MTC DL subcarrier puncturing it can be configured by eNB between the following two alternatives.
· LTE MTC DL subcarrier puncturing applies per narrowband
· LTE MTC DL subcarrier puncturing applies per system bandwidth

	[6] ZTE
	Proposal 3: LTE-MTC DL outlying subcarrier puncturing is applied per narrowband.
· If the outlying subcarrier is in the middle of the allocated resources, the LTE-MTC UE assumes this outlying subcarrier is not punctured.

	[8] Qualcomm Incorporated
	Proposal 8: The DL subcarrier puncturing applies per scheduled transmission and it is only required to puncture on at most one RB per scheduled transmission



It has been noted that the option to puncture per system bandwidth has limitations, since for most system bandwidths (3, 10, 15, 20 MHz), the outermost PRBs are not part of any narrowband, and thus puncturing will not be effective. Instead, it may be more appropriate to puncture over the set of narrowbands used within the system bandwidth.
Is has also been noted that per-transmission puncturing over a group of PRBs has the potential to be more flexible and effective than puncturing per narrowband(s) and per system bandwidth, but also that its usefulness highly depends on the scheduler implementation. One possibility could be to make the puncturing scheme configurable between per narrowband(s) and per transmission.
1. Subcarrier puncturing is applied at the right or left edge of (select one option):
· Option A: Each narrowband
· Option B: A group of narrowbands which depends on the system bandwidth
· Option C: A group of PRBs used for transmissions
· Option D: Configurable between static (Option A or B) and dynamic (Option C) puncturing
1. Subcarrier puncturing is never applied inside a frequency resource allocation, only at one of its edges.
1. Subcarrier puncturing is applied to unicast transmissions of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI.

The table below summarizes proposals related to signaling aspects.
	[2] Ericsson
	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.

	[3] Huawei, HiSilicon
	Proposal 2: The actual number of punctured subcarriers and their locations are configured by higher layers via SIB and no DCI is introduced to indicate the punctured subcarriers.

	[4] Nokia, Nokia Shanghai Bell
	Proposal 8: The eNB can dynamically override the puncturing via DCI under certain conditions.

	[5] LG Electronics
	Proposal 2: Depending on whether the NR can use the resource within/across the LTE system bandwidth, for LTE MTC DL subcarrier puncturing it can be configured by eNB between the following two alternatives.
· LTE MTC DL subcarrier puncturing applies per narrowband
· LTE MTC DL subcarrier puncturing applies per system bandwidth

	[6] ZTE
	Proposal 1: Maximum number of outlying subcarriers to be punctured and the location of the outlying subcarrier with maximum number (above or below the DC subcarrier) are configured by 2-bit field:
· ‘00’:  The maximum number of outlying subcarriers is 2 and the outlying subcarrier with the maximum number is below the DC subcarrier.
· ‘01’: The maximum number of outlying subcarriers is 1 and the outlying subcarrier with the maximum number is below the DC subcarrier.
· ‘11”: The maximum number of outlying subcarriers is 1 and the outlying subcarrier with the maximum number is above the DC subcarrier.
· ‘10”: The maximum number of outlying subcarriers is 2 and the outlying subcarrier with the maximum number is above the DC subcarrier.
Proposal 4: For Rel-16 LTE-MTC UEs, when the feature of puncturing subcarrier is semi-statically configured, dynamic DCI signalling is used to indicate whether to puncture the outlying subcarriers for PDSCH transmission.

	[8] Qualcomm Incorporated
	Proposal 10: LTE-MTC DL subcarriers puncturing is configured based on UE capability



The number of punctured subcarriers and their positions can be configured in different ways. The number of punctured subcarriers can be 1 or 2. Their locations can be on right edge or left edge of the punctured transmission bandwidth discussed above. They can be above or below the DC subcarrier. However, we have the following relationship between cases below DC and above DC, so there is no need to signal them separately:
· 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.
· 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.
Since DCI can only affect PDSCH, not MPDCCH, there needs to be a higher-layer signaling solution that does not rely on DCI signaling.
1. The configuration of 1 of the 4 alternatives for the (maximum) number of punctured subcarriers (1 or 2) and their locations (on the right edge or the left edge of the PRBs/narrowbands, above or below DC) are indicated by the SIB signaling:
· 00: The number of punctured subcarriers on the right edge above DC is 2 and the number of punctured subcarriers on the right edge below DC is 1
· 01: The number of punctured subcarriers on the right edge above DC is 1 and the number of punctured subcarriers on the right edge below DC is 0
· 10: The number of punctured subcarriers on the left edge above DC is 0 and the number of punctured subcarriers on the left edge below DC is 1
· 11: The number of punctured subcarriers on the left edge above DC is 1 and the number of punctured subcarriers on the left edge below DC is 2
1. DCI signaling for the subcarrier puncturing is not considered further in Rel-16.

The table below summarizes proposals related to handling of DMRS.
	[2] Ericsson
	Proposal 7: Outlying subcarrier(s) that carry LTE-M DMRS are not punctured.

	[4] Nokia, Nokia Shanghai Bell
	Proposal 9: Rel-16 UE cannot expect DMRS to be transmitted in punctured subcarriers.

	[5] LG Electronics
	Proposal 3: LTE MTC DL subcarrier puncturing applies to DMRS.

	[6] ZTE
	Proposal 2: DMRS REs in the outlying subcarrier should be punctured if puncturing the outlying subcarrier is applied.

	[8] Qualcomm Incorporated
	Proposal 9: The DL subcarrier puncturing does not apply to DMRS



There are split views regarding whether to support puncturing of DMRS or not. The subcarrier puncturing feature is expected to become an optional UE feature and therefore it seems important that the feature is attractive from both network point of view and UE point of view.
1. Discuss and decide whether to support puncturing of DMRS or not.

LTE-MTC resource reservation
In RAN1#98 and RAN1#98bis, the following agreements were made regarding “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”.
	RAN1#98 agreements
· 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.

RAN1#98bis agreements
· For resource reservation for LTE eMTC in Rel-16, the configuration is independent from legacy subframe level resource reservation.
· 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
· 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.
· 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
· For LTE-MTC resource reservation, the higher-layer configuration is cell-specific
· LTE-MTC DL frequency-domain resource reservation is supported
· FFS: granularity of resource reservation




The table below summarizes proposals related to DL/UL time-domain resource reservation.
	[2] Ericsson
	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.

	[3] Huawei, HiSilicon
	Proposal 4: The reserved resource is configured by one periodicity, one start position and one duration.
· In the configured duration, a bitmap is used to indicate whether a symbol/slot is configured as the reserved resource or not.

	[4] Nokia, Nokia Shanghai Bell
	Proposal 1: eMTC reserved resource configuration is given using a bitmap-based scheme.
Proposal 2: In the time domain, reserved resource configuration is given using two-level bitmap – the first bitmap (10 or 40 bits) indicates the reserved subframes and the second bitmap indicates the reserved symbols or slot within the subframes.

	[5] LG Electronics
	Proposal 4: For resource reservation for LTE eMTC in Rel-16, UE-specific RRC configuration is supported based on UE capability.

	[6] ZTE
	Proposal 5: For DL LTE-MTC time-domain resources reservation with slot-level granularity, fixed length bitmap(s) can be configured for the first four DL LTE slots within a NR SSB periodicity.
· The bitmap length is 4.
· The NR SSB periodicity is signalled to the LTE-MTC UEs by RRC signalling.
Proposal 6: For LTE-MTC DL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity.
· The periodicity and the time region within the periodicity are signalled to the LTE-MTC UEs by RRC signalling.
Proposal 9: For LTE-MTC UL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity.
· The bitmap length is 12 bits for every subframe.

	[7] Futurewei
	Proposal 1: Bitmap based method is used for subframe-level, slot-level, or symbol(s)-level NB-IoT reserved resource configuration.  
· Value 0 in the bitmap indicates that the corresponding subframe/slot/symbol is invalid for transmission. Value 1 in the bitmap indicates that the corresponding subframe/slot/symbol is valid for transmission.
Proposal 2: For slot-level resource reservation, the configuration signaling is 20 bits bitmap where each bit corresponds to one slot in a frame.
Proposal 3: For symbol-level resource reservation, the configuration signaling includes 10 bits to indicate the subframe and x bits to indicate a reservation pattern for symbols in a subframe, x is FFS.

	[8] Qualcomm Incorporated
	Proposal 6: The resource reservation for LTE eMTC in Rel-16 shall be compatible with NR PDSCH rate matching pattern configuration. 
Proposal 7: For resource reservation for LTE eMTC in Rel-16, the configuration includes:
· A first bitmap of RB granularity (only for DL) with up to 100 bits
· A second bitmap of symbol or slot level granularity spanning one subframe for which the reserved RBs apply with up to 10 bits
· An optional third bitmap of time domain pattern with up to 40 bits where each bit corresponds to a subframe and a bit value equal to 1 indicates the pair of RB and symbol/slot level bitmap is present in the subframe



It has been noted that there are some drawbacks with a method that indicates start position, duration and periodicity of reserved subframes and then uses a bitmap to indicate reserved symbols within a subframe. It can only indicate contiguous set(s) of subframes and is not effective when an arbitrary set of non-contiguous subframes needs to be reserved. This is restrictive compared to what can be achieved with Rel-13 bitmap and fully bitmap-based methods which provide more flexibility.
Given the flexibility of bitmap and its compatibility with the existing valid/invalid subframe configuration, it is proposed to consider a bitmap-based scheme for time-domain resource reservation. Moreover, it would be beneficial to have a fixed set of bitmap lengths corresponding to the 10-ms and 40-ms periods supported by the Rel-13 bitmaps.
1. For DL time-domain slot-level resource reservation, a bitmap of 2N bits is used, where N is configured between {0, 10, [20], 40, [80], [160]} subframes, and each bit corresponds to a slot (‘0’ = reserved/invalid, ‘1’ = unreserved/valid).
1. For DL time-domain symbol-level resource reservation, discuss how many symbol reservation patterns that will be needed. (If it is only one, then it can be realized e.g. using a 10-bit or 40-bit subframe bitmap and a 14-bit symbol bitmap.)

The table below summarizes proposals related to DL frequency-domain resource reservation.
	[2] Ericsson
	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.

	[4] Nokia, Nokia Shanghai Bell
	Proposal 3: In the frequency domain, reserved resource configuration is given using PRB(s)-level bitmap – the granularity can be Resource Block Group.

	[6] ZTE
	Proposal 10: For frequency-domain resource reservation in LTE-MTC, reserved RBs are in lower edge or upper edge or both edges of LTE-MTC carrier. The reserved RBs in lower edge or upper edge are consecutive.

	[7] Futurewei
	Proposal 4: For frequency domain resource reservation, the granularity is at PRB(s)-level. A bitmap signaling is used for PRB(s)-level resource reservation.

	[8] Qualcomm Incorporated
	Proposal 4: At least the PRB level frequency domain resource reservation is supported, and LTE-MTC MPDCCH/PDSCH transmission including DMRS on these reserved PRBs is dropped or punctured
Proposal 6: The resource reservation for LTE eMTC in Rel-16 shall be compatible with NR PDSCH rate matching pattern configuration. 
Proposal 7: For resource reservation for LTE eMTC in Rel-16, the configuration includes:
· A first bitmap of RB granularity (only for DL) with up to 100 bits
· A second bitmap of symbol or slot level granularity spanning one subframe for which the reserved RBs apply with up to 10 bits
· An optional third bitmap of time domain pattern with up to 40 bits where each bit corresponds to a subframe and a bit value equal to 1 indicates the pair of RB and symbol/slot level bitmap is present in the subframe



Using a bitmap with 1-PRB granularity for frequency-domain resource reservation leads to a significant overhead for large LTE-MTC system bandwidths. In order to achieve a manageable overhead, the granularity of the frequency-domain resource reservation could be selected according to the LTE-MTC system bandwidth. Since in most of the cases the overlap between LTE-MTC and NR (e.g., SSB and CORESET) in frequency domain will be a contiguous set of PRBs, it may be reasonable to focus the LTE-MTC frequency-domain resource reservation on contiguous PRBs. This will reduce the potential overhead of LTE-MTC resource reservation. Specifically, LTE-MTC PRBs can be reserved by indicating the starting PRB and the number of contiguous PRBs (i.e., length).
Another approach is to consider a fixed bitmap length for frequency domain resource reservation and scale the granularity according to the LTE-MTC system bandwidth, for example using LTE resource block groups (RBGs). The drawback of this approach is that it may reserve unnecessary PRBs due to a large granularity, degrading resource utilization.
Hence, it is proposed to reserve LTE-MTC PRBs by indicating the starting PRB and the number of contiguous PRBs, for example using a similar method as the existing contiguous resource allocation methods, requiring between 5 bits and 13 bits depending on the LTE-MTC system bandwidth.
1. For DL frequency-domain resource reservation, contiguous LTE-MTC PRBs are reserved. Discuss and decide whether DL frequency-domain resource reservation and DL time-domain resource reservation are independently configured or not.
1. For LTE-MTC frequency-domain 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 (meaning punctured).

The table below summarizes proposals related to DCI for indicating or overriding higher-layer configuration.
	[2] Ericsson
	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’).

	[3] Huawei, HiSilicon
	Proposal 5: The timing between the DCI and the subframe/slot that indicated resource reservation takes effects can be either fixed or configured by the eNB.
Proposal 6: 2 bits in the DCI are used to indicate the reserved resource including the following patterns:
· The same as the legacy higher layer indication, i.e. no dynamic reserve resource indication
· No reservation resource
· Preconfigured reserved resource pattern 1
· Preconfigured reserved resource pattern 2

	[5] LG Electronics
	Proposal 5: For dynamic TD resource reservation, N candidate TD resource reservation pattern(s) is/are pre-configured by RRC signaling and the dynamic DCI signaling indicates one of the N candidates. 
· N is determined based on the number of bits in the DCI for dynamic TD resource reservation

	[6] ZTE
	Proposal 11: For unicast LTE-MTC transmission scheduled by DCI, 2 bits in the DCI are used to dynamically override the resource reservation during the transmission period for the following cases:
· The reserved resources cannot be used by the unicast transmission.
· The reserved resources during the first half part can be used by the unicast transmission.
· The reserved resources during the second half part can be used by the unicast transmission.
· The reserved resources can be used by the unicast transmission.
Proposal 12: For LTE-MTC transmission, dynamic signalling in DCI can be used to indicate information of one-shot downlink resource reservation.
· The LTE-MTC UE assumes the downlink LTE-MTC transmissions in the reserved resources are punctured.
Proposal 13: For LTE-MTC transmission, a dynamic dedicated control information is used to indicate information of one-shot uplink resource reservation.
· The uplink LTE-MTC transmission in the reserved resources can be punctured/muted or postponed.

	[7] Futurewei
	Proposal 5: The eNB can indicate resource reservation in DCI. The field in the DCI is 2 bits.

	[8] Qualcomm Incorporated
	Proposal 5: For unicast transmission, dynamic DCI signalling can be used to indicate a switch between the legacy subframe level resource reservation and finer granularity reserved resources for the scheduled LTE-MTC transmission



There are differing proposals on the details of the DCI design. The following proposals may provide a reasonable trade-off between DCI size increase and scheduling flexibility.
1. [1 or 2] new bits in the DCI indicates different cases, which are down-selected (if needed) from the following options:
· According to the Rel-13 [valid/invalid subframe bitmap and/or MBSFN subframe configuration] (if configured)
· According to the Rel-16 [time- and/or frequency-domain] resource reservation configuration (if configured)
· Resources are not considered reserved, i.e. continuous transmission during [all or parts] of the scheduled transmission
[bookmark: _GoBack]
The table below summarizes proposals related to the UL dropping mechanism.
	[2] Ericsson
	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.

	[8] Qualcomm Incorporated
	Proposal 1: For unicast, at least for PUCCH and PUSCH scrambled by C-RNTI and SPS-C-RNTI with N_rep>1 or N>1, where N is the transmission duration, transmission on the reserved resources are dropped for symbol and slot-level reserved resources



The following proposal for UL reuses some of the phrasing of the earlier corresponding agreement for DL.
1. For unicast, at least in the repetition case, symbols of PUCCH and PUSCH scrambled by C-RNTI and SPS-C-RNTI that would fall into the reserved resources are dropped (meaning punctured) for symbol- and slot-level reserved resources.
1. Discuss whether some special handling is needed in the non-repetition case.

The table below summarizes proposals related to handling of DL/UL DMRS and CSI-RS
	[2] Ericsson
	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.

	[4] Nokia, Nokia Shanghai Bell
	Proposal 4: Rel-16 UE cannot expect DMRS to be transmitted in reserved resource.
Proposal 5: Resource reservation applies to CSI-RS.

	[6] ZTE
	Proposal 7: For symbol-level resource reservation in UL LTE-MTC, DMRS symbol cannot be reserved if other symbols in corresponding slot are not reserved. 
Proposal 8: For slot-level reservation in UL LTE-MTC, DMRS transmission in a reserved slot is dropped.

	[8] Qualcomm Incorporated
	Proposal 2: LTE-MTC DL symbols that carry DMRS are not configured as reserved resources
Proposal 3: CSI-RS REs are not reserved
Proposal 4: At least the PRB level frequency domain resource reservation is supported, and LTE-MTC MPDCCH/PDSCH transmission including DMRS on these reserved PRBs is dropped or punctured



There are split views regarding whether to support reservation of DMRS or not. The resource reservation feature is expected to become an optional UE feature and therefore it seems important that the feature is attractive from both network point of view and UE point of view.
1. Discuss and decide whether CSI-RS REs can be reserved in DL frequency-domain and DL time-domain resource reservation.
1. In DL frequency-domain and DL time-domain resource reservation, DMRS REs can be reserved if and only if all other non-CRS REs in the same slot and PRB are also reserved.
1. In UL time-domain resource reservation, DMRS REs can be reserved if and only if all other REs in the same slot and PRB are also reserved.
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