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1	Introduction
In RAN#84 meeting, the revised WID: Additional MTC enhancements for LTE [1] was approved with the objective to specify the following performance improvement for LTE-MTC coexistence with NR. 

[bookmark: _Hlk516692042]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

[bookmark: _Ref178064866]In RAN1#98 meeting, the following agreements were achieved [2].

[bookmark: _Hlk20494454]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 this contribution, we present our views for specification improvement for facilitating LTE-MTC coexistence with NR. 
2 Finer granularity resource reservation
According to the current specification, LTE-MTC resource reservation in time domain is on the subframe level. For improving LTE-MTC coexistence with NR, time domain resource reservation can consider fine granularity, i.e. slot or symbol level. In such case, LTE-MTC may transmit only in a portion of the subframe. It is useful in some cases when NR uses a different numerology as LTE-MTC, e.g. 30kHz SCS. With the legacy subframe level resource reservation, it is not possible to transmit LTE-MTC in a subframe if the two slots of the subframe are used for DL and UL separately, e.g. subframe 2 and 7 in Figure 1. 
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Figure 1: Example of LTE-MTC coexistence with NR
According to the agreement in last RAN1 meeting, the finer granularity time domain resource reservation can be configured for LTE-MTC coexistence with NR, and transmissions on these reserved resources are dropped. One FFS point is how to handle DMRS. 

Figure 2 shows the current DMRS pattern in normal DL subframe for MPDCCH and TM9 PDSCH. A length-2 OCC spreading across two consecutive OFDM symbols is used for each of DMRS ports. For MPDCCH, all the four DMRS ports {7, 8, 9, 10} are used with a total 24 REs overhead. Since only rank 1 is supported for PDSCH, only DMRS ports 7 and 8 are supported with a total DMRS overhead of 12 REs (i.e. dark green in Figure 2) and the DCI can dynamically indicate one of the ports {7, 8} for the scheduled PDSCH.    
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Figure 2: LTE-MTC DMRS in normal DL subframe
When the finer granularity reserved resources are configured, probably there are following cases.

· Case 1: Reserved resources do not comprise DMRS symbol (i.e. symbol #5, #6, #12, #13)
· Case 2: Reserved resources comprise one of the 2-symbols DMRS (e.g. symbol #5 or #6)
· Case 3: Reserved resources comprise a full 2-symbols DMRS (e.g. symbol #5 and #6)

For both Case 2 and 3, it is not clear whether DMRS is dropped on the reserved symbols. If we assume that DMRS is dropped, then for Case 2 only a subset of the DMRS ports can be transmitted and it is needed to specify how to determine the available DMRS ports, e.g., down-selection between DMRS port 7 and 8. 

For Case 3, all the DMRS ports can be transmitted, but the number of DMRS overhead may vary per subframe, i.e. 6 vs. 12 REs. This would require a change to DMRS channel estimation algorithm, e.g. time domain combining and averaging. Since the DMRS time domain density is not uniform across the subframe, UE is required to implement a “smart” algorithm for this. This will increase UE’s implementation complexity.  

Puncturing DMRS will significantly degrade the performance in low-SNR regimes where the performance is limited by channel estimation. Therefore, it is not desirable to support Case 2 and 3 when finer granularity time domain resource reservation is configured. Alternatively, UE is not expected to receive DMRS in a subframe when the reserved resources are overlapping with DMRS symbol.
Proposal 1: For finer granularity resource reservation for LTE-MTC in Rel-16, UE is not expected to receive DMRS in a subframe when reserved resources comprise any DMRS symbol
Another FFS is whether to support finer granularity resource reservation also in the uplink [2]. As seen from Figure 1, the finer granularity resource reservation is useful to improve resource utilization when LTE-MTC is deployed within an NR carrier using a different numerology. Therefore, it is also beneficial in uplink.  
Proposal 2: Finer granularity resource reservation for LTE-MTC is also supported in the uplink
[bookmark: _Hlk20504744]Generally, LTE-MTC resource reservation is semi-statically configured. In some cases, e.g. when dynamic TDD is used in NR, dynamic resource reservation may be beneficial. In such case, DCI signalling can be used to dynamically indicate which reserved resources are used for the scheduled LTE-MTC transmission, i.e., alternating between the subframe level and finer granularity resource reservation based on whether the subframe with flexible DL/UL transmission is reconfigured or not in NR. As another example, if NR schedules an aperiodic transmission (e.g. aperiodic CSI-RS with repetition for beam management) on the symbols reserved for LTE-MTC, the eNB may request a fallback to legacy subframe level resources for transmitting LTE-MTC to avoid collision with NR. Otherwise, the resources reserved for aperiodic NR transmission cannot be reused for LTE-MTC transmission resulting in a performance loss.  
Proposal 3: For unicast transmission, dynamic DCI signalling can be used to indicate which reserved resources are used for the scheduled LTE-MTC transmission 
[bookmark: _Hlk20505018]The finer granularity resource reservation is not backward compatible and may not be applied to broadcast DL transmission. The network configures finer granularity resources for LTE-MTC transmission based on UE capability. For UE capable of finer granularity resource reservation, UE specific RRC signalling is used to configure the slot-level or symbol-level reserved resources. Generally, there could be two alternatives. Alt. 1 is to have independent resource configuration for the legacy and finer granularity resource reservation. That is, a valid subframe indicated by the legacy configuration may be configured as invalid resource by UE specific RRC signalling, or vice versa. For Alt. 2, the configuration of finer granularity resources is only based on the invalid subframes by legacy configuration. Alt. 2 has an advantage of less signalling overhead, especially when the symbol level resource reservation is considered. 
Proposal 4: For finer granularity resource reservation for LTE-MTC in Rel-16, down-select between the following two options:
· Option 1: Independent configuration from legacy subframe level resource reservation
· Option 2: Consider only invalid subframes from legacy subframe level resource reservation
3	DL subcarriers puncturing
[bookmark: _Hlk525897003]Since the DC subcarrier is not used in LTE-MTC downlink but in NR, RB alignment between NR and eMTC is not possible in the downlink. As a result, one narrowband of LTE-MTC may overlap with 7 NR RBs, resulting in one NR RB wasted. To minimize NR performance loss, LTE-MTC transmission can be punctured at the outlying subcarriers. 

According to the agreement in last RAN1 meeting, the maximum number of LTE-MTC DL subcarriers that can be punctured is 2. But it is not clear whether the LTE-MTC DL subcarrier puncturing applies per scheduled transmission and/or per narrowband and/or per system bandwidth.

In case of puncturing LTE-MTC DL subcarrier per system bandwidth, one of the two edge PRBs will be punctured and the exact PRB location can be configured by higher layer signalling. If UE is scheduled with PRBs other than the edge PRB there is no subcarrier puncturing. It is noted for system bandwidth like 10MHz, the edge PRBs are not used for LTE-MTC DL transmission and therefore there is no need for DL subcarrier puncturing. The puncturing per system bandwidth is simple but it requires all the PRBs in the system bandwidth are reserved for LTE-MTC transmission. When the LTE-MTC load is low it may cause inefficient resource utilization.  

If LTE-MTC DL subcarrier puncturing applies per narrowband, higher layer signalling may configure one of the PRBs in a narrowband for subcarrier puncturing, e.g. RB#0 in a narrowband. The puncturing pattern will be same for all the narrowbands. As shown in Figure 3, if NR RB #1-12 are reserved for LTE-MTC transmission then subcarrier puncturing in RB#0 in NB#1 can be avoided since RB #6 is reserved for LTE-MTC and not used in NR. 

The subcarrier puncturing per scheduled transmission would provide a more flexible way for LTE-MTC resource reservation. In such case, higher layer signalling may indicate a set of PRBs for subcarrier puncturing based on LTE-MTC resource reservation, and the set of PRBs may be either continuous or non-continuous in frequency domain. However, the problem with this approach is relatively large signalling overhead and potential complexity increase on UE implementation. 
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Figure 3: Puncturing LTE-MTC DL subcarriers

Therefore, a compromised solution is to indicate the PRBs with subcarrier puncturing per half system bandwidth or every N consecutive narrowbands where N can be fixed to two. It is useful when LTE-MTC resource reservation is based on a set of consecutive NR PRBs or RBGs. 
Proposal 5: The RB locations of the punctured DL subcarrier is configured for every N consecutive narrowbands
In DL, transmit diversity based on SFBC can be used for PDSCH transmission. For CRS based SFBC transmission, an SFBC block, i.e. a pair of two REs cannot span across different OFDM symbols, or across more than 3 subcariers in the frequency domain, or across 2 RBs. When LTE-MTC DL subcarrier puncturing is considered, one of the two REs of the SFBC block may be punctured. In such case, it is not possible to decode the SFBC block only based on the remaining RE. In order not to change the receiver for SFBC decoding, it is desirable to puncture also the other RE, i.e. puncturing the SFBC RE pair.
Proposal 6: If one RE of the SFBC RE pair is configured as the punctured subcarrier, the SFBC pair is punctured
Because LTE CRS can be known in NR, CRS is not punctured at outlying subcarriers. However, transmission of other LTE RSs, e.g. DMRS or CSI-RS (configured only for the non-BL UE) may collide with outlying subcarriers. Puncturing DMRS or CSI-RS at outlying subcarriers requires a significant change to UE’s channel estimation. This is because the outlying subcarriers may be presented only in part of resource blocks in the scheduled bandwidth resulting in an irregular RS pattern in frequency domain. Since the number of DMRS or CSI-RS overlapping with outlying subcarriers is small, it is desirable to puncturing NR transmission at the REs used for DMRS or CSI-RS rather than puncturing DMRS or CSI-RS for LTE-MTC transmission. 
Proposal 7: LTE-MTC DMRS and CSI-RS (if configured) are not punctured at outlying subcarriers
LTE-MTC DL subcarrier puncturing can be implemented transparent to the UE. However, if UE is aware of punctured subcarriers, UE can remove the noisy signal on the punctured subcarriers from decoding. To support this, UE is required to know the location of the corresponding soft bits and replace them with zero values. This requires some changes to the current UE receiver. Therefore, it shall not be assumed that UE is required to mandatory support LTE-MTC DL subcarriers puncturing. 
Proposal 8: LTE-MTC DL subcarriers puncturing is configured based on UE capability 
4 Summary
In this contribution, we discuss the specification enhancements for coexistence of LTE-MTC with NR. We make the following proposals. 
[bookmark: _In-sequence_SDU_delivery]Proposal 1: For finer granularity resource reservation for LTE-MTC in Rel-16, UE is not expected to receive DMRS in a subframe when reserved resources comprise any DMRS symbol
Proposal 2: Finer granularity resource reservation for LTE-MTC is also supported in the uplink
Proposal 3: For unicast transmission, dynamic DCI signalling can be used to indicate which reserved resources are used for the scheduled LTE-MTC transmission 
Proposal 4: For finer granularity resource reservation for LTE-MTC in Rel-16, down-select between the following two options:
· Option 1: Independent configuration from legacy subframe level resource reservation
· Option 2: Consider only invalid subframes from legacy subframe level resource reservation
Proposal 5: The RB locations of the punctured DL subcarrier is configured for every N consecutive narrowbands
Proposal 6: If one RE of the SFBC RE pair is configured as the punctured subcarrier, the SFBC pair is punctured
Proposal 7: LTE-MTC DMRS and CSI-RS (if configured) are not punctured at outlying subcarriers
Proposal 8: LTE-MTC DL subcarriers puncturing is configured based on UE capability 
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