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1	Introduction
In RAN#82 meeting, the revised WID: Additional MTC enhancements for LTE [1] was approved with the objective to study the coexistence of LTE-MTC with NR. 

[bookmark: _Hlk516692042]Coexistence with NR
· [bookmark: _Hlk516784255]Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]

[bookmark: _Ref178064866]In RAN1#94, it was concluded that no issues were identified that would prevent the coexistence of LTE-MTC with NR. 

In RAN1#94bis, the following agreement was achieved. 

Agreement
· RAN1 clarifies that the enhancements introduced by the WI objective on usage of the LTE DL control channel region for MPDCCH/PDSCH transmissions to LTE-MTC UEs do not only apply to LTE-MTC stand-alone deployments but also to the case when LTE-MTC is deployed within an NR carrier

In RAN1#95, the following agreements were achieved. 

Agreement
· RAN1 continues to study the following techniques for performance improvements of resource block alignment until the next meeting:
· Puncturing of resource elements at the outlying subcarrier
· Rate-matching around the outlying subcarrier
· Exploitation of a portion of the NR guard band (this would also require RAN4 study)
· RAN1 continues to consider all combinations of LTE-MTC system bandwidths and NR system bandwidths when discussing potential co-existence performance improvements.

Agreement
· RAN1 continues to study the following techniques for performance improvements of LTE-MTC resource allocation until the next meeting:
· Resource reservation at symbol level/slot level/subframe level/subcarrier level
· Whether the resource reservation is dynamic or semi-static (if supported)
· Whether and how to support LTE-MTC transmission in a portion of the subframe
· Impact of resource reservation to legacy UEs
· Whether LTE-MTC transmission is postponed or dropped in reserved resources

Agreement
· RAN1 studies LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.) until the next meeting
In this contribution, we continue to discuss the aspects for facilitating efficient coexistence of LTE-MTC with NR. 
2	Discussion
2.1 PRB Grid Alignment
[bookmark: _Hlk525897003]The DC subcarrier is not used in LTE-MTC downlink but in NR, and thus perfect PRB alignment between NR and eMTC is not possible. For example, one narrowband of LTE-MTC may overlap with 7 RBs of the NR carrier. As a result, at least 1 RB will be left unused in NR when LTE-MTC is deployed within a NR carrier. Alternatively, one of the two edge RBs of the narrowband cannot be used for LTE-MTC. 
Observation 1: Perfect RB grid alignment between LTE-MTC and NR is not possible due to the presence of DC subcarrier in LTE-MTC.
In RAN1#95, some techniques were identified for performance improvements of resource block alignment including puncturing or rate matching around the outlying subcarrier. It is noted that rate matching is not supported for legacy UE while puncturing can be used for both legacy and Rel-16 LTE-MTC UE. Another thing to note is the number of the outlying subcarriers is not fixed but dependent on how LTE-MTC carrier is placed within the NR carrier, and may also be different for the narrowbands on the lower half and the narrowbands on the upper half due to the DC subcarrier in LTE-MTC. An example is shown in Figure 1. For both options, LTE CRS will be punctured if it overlaps with the outlying subcarriers, which will degrade LTE-MTC performance.
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Figure 1: RB grid alignment between NR and LTE-MTC for inband deployment
For Rel-15 LTE-MTC, the PRB alignment is not possible. However, when LTE-MTC evolves further for the non-inband operation in Rel-16, e.g., standalone deployment, we can consider shifting the PRB grid of LTE-MTC to achieve PRB alignment between NR and LTE-MTC. The benefit of RB shifting is no puncture of LTE CRS thus no performance degradation. For UE not supporting RB shifting, it can be up to the eNB implementation, e.g. either puncturing at the outlying subcarrier or leaving 1 RBs unused in NR.
Proposal 1: RB shift can be configured to Rel-16 LTE-MTC UE for achieving RB grid alignment with NR. 
2.2 LTE-MTC transmission out of LTE bandwidth
For eMTC inband operation within NR, resources shall be reserved for the common signals/channels of LTE-MTC. As seen from Table 1, the CRS overhead is the major part achieving almost 60% in total reserved resources for LTE-MTC with 5MHz system bandwidth. Therefore, it shall be studied how to reduce the NR reserved resource cost for CRS.
Table 1: The percentage of the NR reserved resources for LTE-MTC coexistence with NR
	Signals/channels
	1.4MHz LTE-MTC
	5 MHz LTE-MTC
	Notes

	CRS
	(7x24) / (106x12x14) = 0.94%
	(26x24) / (106x12x14) = 3.5%
	4 CRS ports, total 16+8=24 CRS REs per RB-pair

	PSS
	(7x12x4) / (106x12x20x14) = 0.09%
	7 PRBs (63 subcarriers), 4 symbols per 20ms

	SSS
	(7x12x4) / (106x12x20x14) = 0.09%
	7 PRBs (63 subcarriers), 4 symbols per 20ms

	PBCH (excluding REs used by CRS)
	(7x12x8 – 7x8x2) / (106x12x20x14) = 0.16% 
	(7x12x40 – 7x16x4) / (106x12x20x14) = 0.82%
	For 1.4MHz LTE-MTC, 8 symbols for PBCH per 20 ms
For 5MHz LTE-MTC, 40 symbols for PBCH per 20ms

	SIB1-BR (excluding REs used by CRS)
	(7x12x10 – 7x16) / (106x12x20x14) = 0.20% 
	(7x12x44 – 7x16x4) / (106x12x20x14) = 0.91%
	For 1.4MHz LTE-MTC, one subframe of 10 symbols for SIB1-BR per 20 ms (Rep=4)
For 5MHz LTE-MTC, 4 subframes each 11 symbols for SIB1-BR per 20ms (Rep=16)



One solution is to allow LTE-MTC transmission outside LTE system bandwidth. In such case, CRS muting is configured for LTE-MTC transmission outside LTE system bandwidth to reduce the NR reserved resource cost. The CRS is only presented on the scheduled PRBs for which MPDCCH and PDSCH are transmitted. The PRBs with aperiodic CRS transmission are shared with NR via dynamic rate matching resource set. For backward compatibility, the legacy UE is configured with a small system bandwidth such as 1.4MHz or 3MHz for which CRS is always transmitted. 

It is noted that the abovementioned CRS muting can be supported by Rel-15 CRS muting. But that is mainly used for LTE-MTC with a large cell bandwidth to avoid a full wideband CRS transmission. The transmission of paging, SIB1-BR and PBCH is operated according to the large system bandwidth thus requiring more reserved resources when LTE-MTC is deployed within a NR carrier. In our proposal, two bandwidth values are configured. One is a small bandwidth used for legacy UE with CRS transmission always ON and the other is a large bandwidth with CRS muting only for Rel-16 UE. The common signals/channels of LTE-MTC (e.g. paging, SIB1-BR and PBCH) are transmitted based on the small system bandwidth. Compared to Rel-15 CRS muting, we not only save CRS overhead but also reduce the reserved resources cost for paging, SIB1-BR and PBCH. 
Proposal 2: LTE-MTC transmission outside the LTE system bandwidth can be supported by configuring two system bandwidths for LTE-MTC. 
2.3 Resource configuration
For LTE-MTC inband operation within NR, a straightforward way is to use semi-static resource partition between NR and LTE-MTC by configuring a set of time and frequency domain resources to LTE-MTC. As a result, the resources reserved for LTE-MTC are not used for NR transmission. The semi-static resource multiplexing is useful for the common signals/channels, such as PSS, SSS, PBCH, SIB1-BR and CRS. As analysed in Table 1, the percentage of the semi-static resources reserved for the common signals/channels of LTE-MTC is less than 2% for a 20MHz NR bandwidth with 106 RBs and 1.4MHz LTE-MTC. However, the bursty unicast traffic would prefer to dynamic resource multiplexing between NR and LTE-MTC for improving resource utilization. 

In Rel-15, dynamic rate matching is supported for NR PDSCH and DCI can signal up to two rate matching resource sets for PDSCH. The rate matching resource set is defined by a pair of RB/symbol level bitmap spanning over one or two NR slots. The usage of dynamic rate matching resource sets allows NR to utilize the unused DL resources reserved for LTE-MTC. However, there are some limitations that would affect the performance of dynamic resource multiplexing.

Firstly, NR supports flexible numerology with different subcarrier spacing. When NR uses a mixture of numerologies, i.e. 15kHz and 30kHz for supporting both eMBB and URLLC, a NR slot may consist of both DL and UL symbols to enable fast HARQ-ACK feedback for URLLC. However, LTE-MTC only supports transmission in a subframe with either full DL or full UL except in the special subframe. Therefore, the subframes with a mixed DL and UL transmission cannot be reserved for LTE-MTC. Similarly, if one subframe is reserved for LTE-MTC then the subframe may not be configured with a mixed DL and UL transmission for NR URLLC. When more subframes are reserved for LTE-MTC, the performance of NR URLLC will be affected significantly. Therefore, the efficient support of both LTE-MTC and NR URLLC cannot be achieved when LTE-MTC is deployed within a NR carrier. 
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Figure 2: A NR slot with a mixed DL and UL for supporting URLCC
Observation 2: Resource reservation at subframe level for LTE-MTC may not efficiently support NR URLLC. 
Proposal 3: For LTE-MTC coexistence with NR, the slot or symbol level resource reservation shall be supported to allow LTE-MTC transmission in a portion of the subframe.
Secondly, NR support both semi-static and dynamic TDD configuration. For the dynamic configuration, the transmission direction of a NR slot or a portion of the slot (i.e. flexible resources in NR) may be configured by PDCCH in a dynamic manner. For example, DCI format 2-0 is a dedicated DCI format in NR to configure a UL/DL pattern for flexible resources. The UL or DL scheduling grant can be also used for deciding UL/DL pattern for flexible resources. Dynamic TDD is beneficial for traffic adaptation and latency reduction, it shall be supported when LTE-MTC is deployed within a NR carrier. An example is shown in Figure 3. However, the current specification of LTE-MTC does not support dynamic TDD, and the resources reserved for LTE-MTC shall be fixed resources in NR. As discussed above, when more resources are reserved for LTE-MTC, there are less or no flexible resources in NR available for dynamic configuration, which will degrade the performance of dynamic TDD. 
[image: ]
Figure 3: LTE-MTC coexistence with NR with dynamic TDD configuration
Observation 3: Reserving fixed resources for LTE-MTC may not efficiently support dynamic TDD for NR. 
Proposal 4: Support resource reservation for LTE-MTC using flexible NR resources.
It is noted that the above proposals on resource reservation for LTE-MTC does not support legacy UEs. Therefore, for backward compatibility, the subframe level resource reservation shall be used for legacy LTE-MTC UE, and the symbol or slot level resource reservation will be configured only for Rel-16 capable UEs. To support this, two sets of valid DL and UL subframe configurations shall be configured, one for legacy UE and the other for Rel-16 UEs. The valid subframe configuration for the Rel-16 capable UE may have a different time domain granularity. For example, the granularity may also include 0.5ms, 0.25ms or 0.125ms dependent on the subcarrier spacing of NR. Alternatively, we could have FDM multiplexing by assigning different narrowbands to legacy and Rel-16 UEs. In such case, a single valid subframe configuration is needed for each narrowband, and the eNB may configure the time domain granularity of the valid subframe configuration based on UE capability and the subcarrier spacing of the inband NR carrier.
Proposal 5: The time domain granularity of the valid subframe configuration for Rel-16 LTE-MTC UE can also include 0.5ms, 0.25ms or 0.125ms dependent on the subcarrier spacing of NR.
2.4 Frequency hopping
Another design challenge for LTE-MTC coexistence with NR is how to support frequency hopping in LTE-MTC. In LTE-MTC, frequency hopping is supported for system bandwidth larger than 1.4MHz. The frequency hopping configuration includes a hopping timer interval and a configurable narrowband offset. The enabling of frequency hopping can be separately configured for broadcast and unicast transmission. The frequency hopping pattern may be different for each physical channel. For SIB1 and paging MPDCCH, the first narrowband is determined by cell ID and/or UE ID and the two narrowbands overlapping with the 72 center subcarriers are excluded from frequency hopping, however for other DL transmission, all the narrowbands can be used for frequency hopping, that is, the first narrowband is determined by RRC or DCI and the other narrowband(s) are then determined based on a higher layer configured offset. 

Figure 4 shows an example of frequency hopping for SIB1, paging MPDCCH and PDSCH assuming 10MHz system bandwidth (e.g., total 8 narrowbands). SIB1 is hopped between narrowband 0 and 5 at different subframes, and for paging MPDCCH, narrowband 0 and 6 are used for UE #1 and narrowband 1 and 7 are used for UE #2. The PDSCH of UE #1 is hopped between narrowband 0 and 4 every 4 subframes and the PDSCH of UE #2 is hopped between narrowband 1 and 5. Even the same starting narrowband is used for paging MPDCCH and PDSCH the other narrowbands are different due to different sets of narrowbands for frequency hopping used for paging MPDCCH and PDSCH. 

[image: ]
Figure 4: Frequency hopping for SIB1, paging MPDCCH and PDSCH
From the above example, it can be seen the support of frequency hopping especially for paging will cause a waste of resources in NR. More resources need to be reserved for LTE-MTC, which implies a potential performance loss. Therefore, if frequency hopping is supported for paging, possible enhancements may be needed, e.g., allowing the same set of narrowbands for paging MPDCCH and PDSCH, to improve resource utilization in NR.
[bookmark: _GoBack]Proposal 6: For improving the performance of NR and LTE-MTC coexistence, the enhancements on paging frequency hopping can be considered 
3	Summary
In this contribution, we discuss the possible specification enhancements for improving the performance of coexistence of LTE-MTC with NR. 
Observation 1: Perfect RB grid alignment between LTE-MTC and NR is not possible due to the presence of DC subcarrier in LTE-MTC.
Observation 2: Resource reservation at subframe level for LTE-MTC may not efficiently support NR URLLC. 
Observation 3: Reserving fixed resources for LTE-MTC may not efficiently support dynamic TDD for NR. 
Based on the above observations, we made the following proposals.
[bookmark: _In-sequence_SDU_delivery]Proposal 1: RB shift can be configured to Rel-16 LTE-MTC UE for achieving RB grid alignment with NR. 
Proposal 2: LTE-MTC transmission outside the LTE system bandwidth can be supported by configuring two system bandwidths for LTE-MTC. 
Proposal 3: For LTE-MTC coexistence with NR, the slot or symbol level resource reservation shall be supported to allow LTE-MTC transmission in a portion of the subframe.
Proposal 4: Support resource reservation for LTE-MTC using flexible NR resources.
Proposal 5: The time domain granularity of the valid subframe configuration for Rel-16 LTE-MTC UE can also include 0.5ms, 0.25ms or 0.125ms dependent on the subcarrier spacing of NR.
Proposal 6: For improving the performance of NR and LTE-MTC coexistence, the enhancements on paging frequency hopping can be considered 
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