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1 Introduction
In Rel-16 MTC enhancement, there had the following RAN1 agreements on resource reservation for coexistence of LTE-MTC with NR [1]. 

	Agreement

For resource reservation for LTE eMTC in Rel-16, the configuration is independent from legacy subframe level resource reservation.

For LTE-MTC frequency-domain resource reservation, for unicast, REs of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource are dropped (meaning punctured).

· MPDCCH is for both USS and type 0 CSS

For DL frequency-domain resource reservation, non-contiguous PRB allocation can be indicated using a RBG bitmap.

A downlink resource is reserved if it is reserved in both frequency domain and time domain

For 10msec periodicity, if finer granularity than subframe level: a bitmap with length 20 bits, each subframe has 2 bits per subframe

· 00 both slots can be used 

· 01 2nd slot reserved (if a second bitmap is configured, it is for symbol-level granularity)

· The length of the second bitmap is 7 bits for downlink, 7 bits for uplink

· 10 1st slot reserved (if a third bitmap is configured, it is for symbol-level granularity)

· The length of the third bitmap is 7 bits for downlink, 7 bits for uplink

· 11 both slots are reserved

The first bitmap is 20 or 80 bits. eNB can configure periodicity and start position.

· The periodicity T is {10ms, 20ms, 40ms, 80ms, 160ms}

· The start position is in a granularity of 10ms

For unicast, 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.

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.


In this contribution, we discuss the remaining issues on LTE-MTC resource reservation for coexistence of LTE-MTC with NR.

2 Remaining issues for LTE-MTC resource reservation
In last RAN1 meeting, it was agreed that the length of second bitmap and third bitmap for downlink/uplink is 7 bits. This agreement is applicable for FDD LTE-MTC case and TDD normal subframe. However, for TDD special subframe, as shown in Table 1, the 1st or 2nd slot within a given TDD special subframe cannot be categorized to downlink or uplink. 
For special subframes, when the second bitmap and third bitmap are configured, since the number of downlink/uplink symbols in a given slot may not be 7 symbols, symbol-level granularity cannot be applied for special subframes. Therefore, symbol-level resource reservation cannot be supported for TDD special subframes.
Table 1  Number of OFDM symbols for different special subframe configurations
	Special subframe configuration
	Number of OFDM symbols (Normal CP)

	
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1

	1
	9
	4
	1

	2
	10
	3
	1

	3
	11
	2
	1

	4
	12
	1
	1

	5
	3
	9
	2

	6
	9
	3
	2

	7
	10
	2
	2

	8
	11
	1
	2

	9
	6
	6
	2

	10
	6
	2
	6


Proposal 1: For TDD LTE-MTC, when the second bitmap and third bitmap are configured, resource reservation with symbol-level granularity cannot be applied for special subframes.
In Rel-13 legacy LTE-MTC, high layer parameter fdd-DownlinkOrTddSubframeBitmapBR is introduced to configure the set of valid subframes for FDD downlink or TDD transmissions while fdd-UplinkSubframeBitmapBR is introduced to configure the set of valid subframes for FDD uplink transmissions for BL UEs. In Rel-16, if finer granularity than subframe level is configured, since Rel-16 configuration is independent from legacy subframe level valid subframe configuration, Rel-16 LTE-MTC UEs would only follow Rel-16 resource reservation and would not follow legacy subframe-level valid subframe configuration. In this case, for Rel-16 LTE-MTC resource reservation,if the first bitmap is 20 bits and larger periodicity is configured, for example, periodicity is 40ms and the start position is 20ms, as shown in Figure 1, the first bitmap is applied for the 3rd 10ms duration within the 40ms periodicity. In this case, within each 40ms periodicity, other than the 10ms duration that resource reservation bitmaps applies, the remaining 30ms time regions can be used by Rel-16 LTE-MTC UEs. 
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Figure 1 Illustration of resource reservation with larger periodicity 

Proposal 2: For Rel-16 LTE-MTC resource reservation, within each configured periodicity, other than the duration that resource reservation bitmaps applies, the remaining time regions can be used by Rel-16 LTE-MTC UEs.
For unicast, in the repetition case, it is agreed that symbols of PUCCH and PUSCH scrambled by C-RNTI and SPS-C-RNTI that would fall into the reserved resources are dropped for symbol- and slot-level reserved resources. However, for non-repetition case, if the symbols of PUCCH and PUSCH scrambled by C-RNTI and SPS-C-RNTI that would fall into the reserved resources are dropped for symbol- and slot-level reserved resources, the performance of PUCCH and PUSCH may be significantly decreased and may be incorrectly decoded. To avoid the performance loss, if symbol- or slot-level resource reservation is configured in the subframe that PUCCH or PUSCH locates, corresponding PUCCH and PUSCH transmission would be postponed to next valid subframe not fully or partially reserved.

Proposal 3: For unicast in the non-repetition case, transmission of PUCCH or PUSCH scrambled by C-RNTI and SPS-C-RNTI locates in the subframe with finer granularity resource reservation would be postponed to next valid subframe not fully or partially reserved.
3 Clarification of DMRS REs reservation
For LTE-MTC PUSCH (including sub-PRB PUSCH), as shown in Figure 2, DMRS locates in the 4th symbol of every 7 symbols. For PUSCH, the eNB cannot correctly decode data transmission in a slot without DMRS. Therefore, for symbol-level resource reservation, DMRS symbol cannot be reserved if other symbols in corresponding slot are not reserved. 
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Figure 2 DMRS for LTE-MTC PUSCH
For LTE-MTC PUCCH, for different PUCCH formats, one or multiple DMRS symbols may be used. For PUCCH, for symbol-level resource reservation, DMRS symbol cannot be reserved if other symbols in corresponding slot are not reserved. 

However, in section 5.5.2.1.2, 5.5.2.1A.4 and 5.5.2.2.2:
 “For BL/CE UEs, if higher layer parameter ce-reserved-resource-UL-time is configured, and the Resource reservation field in the DCI is set to 1, then in case of PUSCH/PUCCH transmission associated with C-RNTI or SPS C-RNTI,

-
In a slot that is fully reserved, the demodulation reference signal transmission is dropped.

-
In a SC-FDMA symbol that is reserved, the demodulation reference signal transmission is dropped.”,
the 2nd bullet related to DMRS resource reservation is not correct since the demodulation reference signal is transmitted in a whole SC-FDMA symbol in a given PRB.

Proposal 4: Adopt the Text Proposal #1, Text Proposal #2 and Text Proposal #3 in 36.211.

Text Proposal #1 in 36.211:
------------------------------------------------ Start of Text proposal #1--------------------------------------
5.5.2.1.2
Mapping to physical resources

<Unchanged parts are omitted>

For BL/CE UEs, if higher layer parameter ce-reserved-resource-UL-time is configured, and the Resource reservation field in the DCI is set to 1, then in case of PUSCH transmission associated with C-RNTI or SPS C-RNTI,

-
In a slot that is fully reserved, the demodulation reference signal transmission is dropped.


<Unchanged parts are omitted>
------------------------------------------------ End of Text proposal #1--------------------------------------
Text Proposal #2 in 36.211:
------------------------------------------------ Start of Text proposal #2--------------------------------------
5.5.2.1A.4
Mapping to physical resources
<Unchanged parts are omitted>

For BL/CE UEs, if higher layer parameter ce-reserved-resource-UL-time is configured, and the Resource reservation field in the DCI is set to 1, then in case of PUSCH transmission associated with C-RNTI or SPS C-RNTI,

-
In a slot that is fully reserved, the demodulation reference signal transmission is dropped.


<Unchanged parts are omitted>
------------------------------------------------ End of Text proposal #2--------------------------------------
Text Proposal #3 in 36.211:
------------------------------------------------ Start of Text proposal #3--------------------------------------
5.5.2.2.2
Mapping to physical resources

<Unchanged parts are omitted>

For BL/CE UEs, if higher layer parameter ce-reserved-resource-UL-time is configured, then in case of PUCCH transmission associated with C-RNTI or SPS C-RNTI,

-
In a slot that is fully reserved, the demodulation reference signal transmission is dropped.


<Unchanged parts are omitted>
------------------------------------------------ End of Text proposal #3--------------------------------------
4 Conclusions

In this contribution, we have discussed remaining issues on LTE-MTC resource reservation for coexistence of LTE-MTC with NR. We make the following proposals:
Proposal 1: For TDD LTE-MTC, when the second bitmap and third bitmap are configured, resource reservation with symbol-level granularity cannot be applied for special subframes.

Proposal 2: For Rel-16 LTE-MTC resource reservation, within each configured periodicity, other than the duration that resource reservation bitmaps applies, the remaining time regions can be used by Rel-16 LTE-MTC UEs.
Proposal 3: For unicast in the non-repetition case, transmission of PUCCH or PUSCH scrambled by C-RNTI and SPS-C-RNTI locates in the subframe with finer granularity resource reservation would be postponed to next valid subframe not fully or partially reserved. 
Proposal 4: Adopt the Text Proposal #1, Text Proposal #2 and Text Proposal #3 in 36.211.
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