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Introduction
In the “Revised WID: Additional enhancements for NB-IoT” ‎[1] one of the objectives is to specify performance improvement aspects   of the coexistence of NB-IoT 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 RAN1#98, the following agreements were made for NR coexistence with NB-IoT:
	 Agreement
Specify NB-IoT resource reservation only for FDD/TDD NB-IoT non-anchor carriers.

Agreement
UL resource reservation for NB-IoT is supported.

Agreement
· FDD UL resource reservation is supported with subframe-level granularity
· FFS: Slot-level, symbol-level
· DL resource reservation is supported with slot-level and symbol(s)-level granularity.

Agreement
The reserved resource in NB-IoT non-anchor carrier is semi-statically configured by higher layer signalling.
· FFS whether the resource in an invalid and/or valid subframe indicated by legacy downlink bitmap can be configured as the reserved resource
· FFS signalling

Agreement
NB-IoT transmission can be postponed or dropped depending on the granularity of the reserved resources.
· NB-IoT transmission is dropped for symbol-level reserved resources.
· NB-IoT transmission is dropped for slot-level reserved resources.
· NB-IoT transmission is postponed for subframe-level reserved resources.




In RAN1#98bis, the following agreements were made for NR coexistence with NB-IoT:
	 Agreement
NB-IoT symbols that carry NRS are not reserved.

Agreement
For resource reservation for NB-IoT in Rel-16, the configuration is independent from legacy subframe level resource reservation.

Agreement
For unicast, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured

Agreement
For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.

Agreement
UL resource reservation for NB-IoT with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.
· FFS: whether the DMRS symbols can be configured as reserved resources.

Agreement
NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier.

Agreement
For unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled NB-IoT transmission.




In this contribution, we discuss further aspects of improved NB-IoT resource reservation.
[bookmark: _Hlk4692030]Improved NB-IoT resource reservation
Method of resource reservation in DL/UL
A flexible way to indicate reserved resources in NB-IoT is to use a set of bitmaps. In particular, a bitmap with a specific length can point out to time-domain resources (symbols, slots, or subframes) which should not be used by NB-IoT UEs. In order to have a flexible resource reservation scheme, within each subframe, various patterns can be considered for reserving symbols/slots.  In the current NB-IoT system, the bitmap length is 10 or 40 bits for indicating valid/invalid subframes within one or four frames (i.e., 10 ms or 40 ms). 
In order to have flexibility while having reasonable overhead, we propose to have a bitmap with a fixed length of 20 bits or 80 bits for indicating reserved resources within 10 ms and 40 ms. Each pair of bits refers to a pattern for reserved symbols or slots within each subframe. Hence, we can support four different patterns of reserved resources within subframes.  This method allows supporting slot-level resource reservation and four configurable patterns for symbol-level resource reservation.
As an example, for 20 ms periodicity, we can use 10 pairs of bits (total 20 bits) to indicate which slots are reserved within each subframe.
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[bookmark: _Ref24038387]Figure 1: Example of indicating reserved resources (slots).

Yet, in another example, we can use 10 sets of bits (total 20 bits), with each set having two bits to indicate reserved symbols patterns within each subframe (as illustrated in Figure 2).
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[bookmark: _Ref24003945]Figure 2: Example of indicating reserved symbols with four patterns.

Similarly, we can use 40 pairs of bits (total 80 bits) to indicate reserved symbols/slots within 80 ms periodicity. 

Observation 1 [bookmark: _Toc23506436][bookmark: _Toc23519328][bookmark: _Toc24067992][bookmark: _Toc24068502][bookmark: _Toc24068539][bookmark: _Toc24068576][bookmark: _Toc24068613][bookmark: _Toc24068657][bookmark: _Toc24071295][bookmark: _Toc11834990][bookmark: _Toc13562345][bookmark: _Toc24071296][bookmark: _Toc24124702]A bitmap-based time-domain resource reservation can provide flexibility with reasonable overhead.
[bookmark: _Toc24124704]A bitmap with length 20 bits or 80 bits is used for indicating reserved symbols and slots within 10 ms or 40 ms periodicity.
[bookmark: _Toc24124705]The periodicity of resource reservation (10 ms or 40 ms) and whether it applies to symbol-level or slot-level are configurable.
[bookmark: _Toc24124706]Four possible patterns of reserved symbols/slots within each subframe are supported:
a. [bookmark: _Toc24124707]Two patterns (out of four possible patterns) are used to indicate valid subframe and invalid subframe.
b. [bookmark: _Toc24124708]For slot-level, the other two patterns indicate whether the first slot or the second slot is reserved
c. [bookmark: _Toc24124709]For symbol-level, the other two patterns are configurable. 

[bookmark: _Toc16786735][bookmark: _Toc16786756][bookmark: _Toc16786777][bookmark: _Toc16787590][bookmark: _Toc16786736][bookmark: _Toc16786757][bookmark: _Toc16786778][bookmark: _Toc16787591]Another approach for reserving time-domain NB-IoT resources is to first indicate start position, duration, and periodicity of reserved subframes (fully or partially), and then use a bitmap to indicate reserved symbols within a subframe. The main drawback of this method is that it can only indicate contiguous set(s)s of subframes, and it is not effective when an arbitrary set of non-contiguous subframes needs to be reserved. Moreover, this scheme is restrictive compared to what can be achieved with Rel-13 bitmap and the fully bitmap-based method which provide more flexibility.
[bookmark: _Toc24063194][bookmark: _Toc24066014]
Using DCI for resource reservation
[bookmark: _Toc23506461]NB-IoT time-domain resource reservation is semi-statically configured. Such semi-static configuration is particularly useful for periodic and non-dynamically scheduled NR transmissions. Note that, since the DCI can only affect the NPDSCH/NPUSCH, not the NPDCCH, we need to have a higher-layer solution that does not only rely on DCI signaling.
[bookmark: _Hlk18843416]Dynamic DCI signaling can be beneficial in case of aperiodic NR transmissions (e.g., CSI-RS) and dynamic TDD scenarios. DCI can be used for dynamic activation/deactivation of semi-statically configured reserved NB-IoT resources. Moreover, it might be very beneficial to be able to use the DCI to change the Rel-13 invalid subframes to valid or vice-versa.

[bookmark: _Toc18845146][bookmark: _Toc21129861][bookmark: _Toc24124710][bookmark: _Toc21129867]The DCI can be used to make [some or all] of the Rel-13 invalid subframes valid for the duration of the scheduled NPDSCH/NPUSCH transmission.
[bookmark: _Toc24124711]A 1-bit DCI field indicates whether the Rel-13 valid subframe bitmap or the Rel-16 reserved resource configuration should apply.
[bookmark: _Toc23506462][bookmark: _Toc24124712]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’).

Reserving DMRS in NB-IoT 
In NB-IoT, DMRS is transmitted in uplink and it is associated with NPUSCH. DMRS is transmitted in every NPUSCH slot for channel estimation. The number and location of DMRS symbols depend on the NPUSCH format and subcarrier spacing. For NPUSCH Format 1, one symbol in the slot is used for DMRS (middle symbol in 15 kHz SCS). For NPUSCH Format 2, three symbols are used for DMRS (middle 3 symbols in 15 kHz SCS). Clearly, reserving DMRS in NPUSCH Format 1 (with one DMRS symbol) significantly impacts the channel estimation performance within the affected slots. For NPUSCH Format 2, the impact of reserving DMRS can be less than that of Format 1. Moreover, the channel estimation performance depends on the number of subframes which are affected by reserving DMRS. Hence, the network can decide whether to reserve DMRS based on the NPUSCH Format, the number of transmission subframes, and the number of affected subframes. 

Observation 2 [bookmark: _Toc24124703]For NPUSCH Format 1 reserving DMRS can have a significant impact on channel estimation.
[bookmark: _Toc24124713]It is up to the network whether to reserve DMRS based on the NPUSCH Format, the number of transmission subframes, and the number of subframes affected by reserving DMRS. 

Transmissions in reserved resources
In RAN1#98bis, it was agreed that, for unicast, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources. For UL resource reservation we can a have similar mechanism.
[bookmark: _Toc24071328][bookmark: _Toc24124714]For unicast NB-IoT 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.
Resource reservation in NB-IoT operation modes 
The existing invalid/valid subframes configuration is supported for all NB-IoT operation modes: inband, guardband, and standalone. According to TS 36.331,
· For FDD, NB-IoT downlink subframe configuration over 10ms or 40ms for inband, and 10ms for standalone/guardband.
· For TDD, NB-IoT downlink, uplink and special subframes configuration over 10ms or 40ms for inband, and 10ms for standalone/guardband.

Clearly, the performance of the coexistence between NR and NB-IoT is improved with slot-level/symbol-level resource reservation. It is important to ensure efficient coexistence between NR and NB-IoT operating in inband, guardband, and standalone modes.  Therefore, resource reservation in slot-level and symbol-level should be supported for all operation modes.
Moreover, it will be beneficial to extend the periodicity of resource reservation in the guardband operation mode when protecting NR transmissions with relatively long periodicity (e.g., NR CSI-RS). Therefore, to improve the NB-IoT resource utilization in the guardband mode we propose to extend the resource reservation periodicity to 40 ms.

[bookmark: _Toc24124715]Support resource reservation feature for all NB-IoT operation modes.
[bookmark: _Toc24124716]Support the 40 ms periodicity for NB-IoT resource reservation in guardband operation mode.

Conclusions
In this contribution we have investigated the coexistence between NR and NB-IoT systems. In summary, the following observations can be made:

Observation 1	A bitmap-based time-domain resource reservation can provide flexibility with reasonable overhead.
Observation 2	For NPUSCH Format 1 reserving DMRS can have a significant impact on channel estimation.

Based on our observations and the discussion in the paper we have the following proposals:

Proposal 1	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 2	The periodicity of resource reservation (10 ms or 40 ms) and whether it applies to symbol-level or slot-level are configurable.
Proposal 3	Four possible patterns of reserved symbols/slots within each subframe are supported:
a.	Two patterns (out of four possible patterns) are used to indicate valid subframe and invalid subframe.
b.	For slot-level, the other two patterns indicate whether the first slot or the second slot is reserved
c.	For symbol-level, the other two patterns are configurable.
Proposal 4	The DCI can be used to make [some or all] of the Rel-13 invalid subframes valid for the duration of the scheduled NPDSCH/NPUSCH transmission.
Proposal 5	A 1-bit DCI field indicates whether the Rel-13 valid subframe bitmap or the Rel-16 reserved resource configuration should apply.
Proposal 6	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’).
Proposal 7	It is up to the network whether to reserve DMRS based on the NPUSCH Format, the number of transmission subframes, and the number of subframes affected by reserving DMRS.
Proposal 8	For unicast NB-IoT 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.
Proposal 9	Support resource reservation feature for all NB-IoT operation modes.
Proposal 10	Support the 40 ms periodicity for NB-IoT resource reservation in guardband operation mode.
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“11” means all symbols reserved (invalid subframe): pattern 1

“00” means no symbol reserved (valid subframe): pattern 2

“01” means symbol-level resource reservation using pattern 3

“10” means symbol-level resource reservation using pattern 4




