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1 Introduction
In the WID: Additional enhancements for NB-IoT [1], the coexistence of NB-IoT with NR includes not only FDD but also TDD NB-IoT.

Coexistence with NR

· Specify NB-IoT resource reservation for at least FDD/TDD NB-IoT non-anchor carriers, at least in DL, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [RAN1, RAN2].

In Rel-16 NB-IoT enhancement, there had the following RAN1 agreements related to resource reservation on coexistence of NB-IoT with NR [2]. 

	Agreement

For 10msec periodicity, if only subframe level granularity: a bitmap with length 10 bits is used for indicating reserved subframes

· It is configured per non-anchor carrier, and it can be different from the anchor-carrier

For 10msec periodicity, if finer granularity: 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 5 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 5 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


In this contribution, we discuss the remaining issues related to NB-IoT resource reservation for coexistence of NB-IoT with NR.

2 Resource reservation for TDD NB-IoT

In last RAN1 meeting, it was agreed that the length of second bitmap and third bitmap for downlink is 5 bits while the length of second bitmap and third bitmap for uplink NB-IoT resource reservation is 7 bits. This agreement is applicable for FDD NB-IoT case and TDD normal subframe. However, for TDD special subframe configurations that TDD NB-IoT supports, as shown in Table 1, the 1st or 2nd slot within a given TDD special subframe cannot be categorized to downlink or uplink. Even though the symbols within 1st slot are for downlink transmission, NRS mapping rules are different for different special subframe configurations:

· For special subframe configurations #3, #4 and #8, NRS is mapped to the 3rd and 4th symbols of each slot

· For special subframe configurations #9 and #10, NRS is mapped to the 3rd and 4th symbols of the first slot.

· For special subframe configurations #1, #2, #6 and #7, NRS is mapped to the 6th and 7th symbols of the first slot

· For special subframe configuration #0 and #5, NRS is not transmitted

For special subframes, when the second bitmap and third bitmap are configured, since the number of downlink symbols in a given slot may not be 7 symbols and NRS pattern may be different from normal subframes, 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

	1
	9
	4
	1

	2
	10
	3
	1

	3
	11
	2
	1

	4
	12
	1
	1

	5
	3
	9
	2

	7
	10
	2
	2

	8
	11
	1
	2

	9
	6
	6
	2

	10
	6
	2
	6


Proposal 1: For TDD NB-IoT, when the second bitmap and third bitmap are configured, resource reservation with symbol-level granularity cannot be applied for special subframes.
3 Potential collision issues for NB-IoT resource reservation
For TDD NB-IoT, when SIB1-NB is transmitted on a non-anchor carrier, subframe #0 and #5 in the same radio frame, are used for SIB1-NB transmission in every other radio frame. For a non-anchor carrier with SIB1-NB transmission, to guarantee the performance of SIB1-NB transmission, resource reservation should avoid the subframes that may be used for SIB1-NB transmission.
Proposal 2: For DL resource reservation on a non-anchor carrier for SIB1-NB transmission, an NB-IoT UE assumes the subframes used for SIB1-NB transmission would not be reserved.
For UL non-anchor carrier configured for NPRACH transmission, the repetitions of NPRACH need to be transmitted back-to-back in the contiguous subframes within one period for NPRACH. In this case, UL resource reservation should avoid the subframes for NPRACH transmission.

Proposal 3: For UL resource reservation on a non-anchor carrier for NPRACH transmission, an NB-IoT UE assumes the subframes used for NPRACH transmission would not be reserved. 
For 3.75 kHz subcarrier spacing of uplink, 2ms NB-slot including 7 symbols is defined for NPUSCH format 1 transmission as shown in Figure 1. For NB-IoT, both subframe-level resource reservation and finer granularity resource reservation are defined based on 15 kHz subcarrier spacing. For 3.75 kHz subcarrier spacing single tone transmission, if a symbol of 3.75 kHz single tone NPUSCH transmission is overlapped with a reserved 15 kHz symbol, the 3.75 kHz NPUSCH transmission in the collided symbol would be dropped.
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Figure 1 slot and NB-slot for NB-IoT

Proposal 4: For 3.75 kHz single tone transmission case, if a symbol of 3.75 kHz single tone NPUSCH format 1 transmission is overlapped with a reserved symbol with 15 kHz SCS, the 3.75 kHz NPUSCH format 1 transmission in the overlapped symbol would be dropped.

For Rel-16 NB-IoT resource reservation, either subframe level resource reservation with length 10 bits or finer granularity resource reservation can be configured. Rel-16 NB-IoT UEs would not follow Rel-13 valid subframe configuration.For NB-IoT resource reservation, if the first bitmap is 20 bits and larger periodicity is configured for a non-anchor carrier, for example, periodicity is 40ms and the start position is 20ms, as shown in Figure 2, 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, all the resources in the remaining 30ms region can be used by Rel-16 NB-IoT UEs. 
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Figure 2 Illustration of resource reservation with larger periodicity 

Proposal 5: For Rel-16 NB-IoT resource reservation, within each configured periodicity, other than the duration that resource reservation bitmaps applies, all the resources in the remaining region can be used by Rel-16 NB-IoT UEs.

4 Conclusions

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

Proposal 2: For DL resource reservation on a non-anchor carrier for SIB1-NB transmission, an NB-IoT UE assumes the subframes used for SIB1-NB transmission would not be reserved.
Proposal 3: For UL resource reservation on a non-anchor carrier for NPRACH transmission, an NB-IoT UE assumes the subframes used for NPRACH transmission would not be reserved. 
Proposal 4: For 3.75 kHz single tone transmission case, if a symbol of 3.75 kHz single tone NPUSCH format 1 transmission is overlapped with a reserved symbol with 15 kHz SCS, the 3.75 kHz NPUSCH format 1 transmission in the overlapped symbol would be dropped.

Proposal 5: For Rel-16 NB-IoT resource reservation, within each configured periodicity, other than the duration that resource reservation bitmaps applies, all the resources in the remaining region can be used by Rel-16 NB-IoT UEs.
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