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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 this contribution, we discuss further aspects of improved NB-IoT resource reservation.
[bookmark: _Hlk4692030]Improved NB-IoT resource reservation
The ability to reserve resources in NR is a main enabler for coexistence between NR and NB-IoT. There may, however, be other cases where it would be beneficial if also the NB-IoT system avoids resources that are desired to be used by an NR system. 
UL time-domain resource reservation
In the coexistence scenario, NR uplink signals/channels (e.g. PRACH and SRS) can be protected by proper scheduling. While small granularity of resource reservation in UL is beneficial for resource utilization, it is not as important as in DL (where we have NR SSB and CORESET). In UL, using proper scheduling and invalid subframes would be sufficient to avoid collision between NR and NB-IoT.
Let’s consider PRACH which is used to carry random access preamble from UE to gNB to allow uplink timing synchronization between UE and gNB. For the random access preamble, NR supports two different sequence lengths with various formats.  The time-frequency structure of PRACH depends on the length of sequence as well as the format configuration. For long preamble (suitable for large cells), PRACH can occupy 6 or 24 RBs, depending on the subcarrier spacing. For short preamble (suitable for normal/small cells), PRACH spans over 12 RBs.  Depending on NR and NB-IoT system bandwidths, overlap between NB-IoT and NR PRACH in UL can be avoided in frequency domain. For example, in coexistence of 10 MHz NR (with 52 RBs) and NB-IoT (with few anchor and non-anchor RBs), collision between UL NB-IoT and NR PRACH can be prevented by allocating different RBs. 
Moreover, invalid UL NB-IoT subframe configuration in TDD can be used to protect NR signals. In FDD, however, currently there is no UL invalid subframe configuration.  Having UL FDD valid/invalid subframe configuration can be beneficial for protecting NR signals, especially when deploying multi-carrier NB-IoT in small NR system bandwidths (e.g., 5 MHz). In fact, having valid/invalid subframe feature for NB-IoT in both UL and DL FDD provides flexibility in deploying NB-IoT inside an NR carrier.
In the coexistence of NB-IoT with URLLC transmissions, slot or symbol-level resource reservation might be beneficial for NB-IoT resource efficiency if URLLC occupies only small number of symbols and the remaining NB-IoT resources are not used for other purposes. However, in principle, a slot can be used for multiple URLLC and eMBB transmissions, thus avoiding wasting unused NB-IoT resources. Therefore, there is no actual need to support slot-level and/or symbol-level NB-IoT resource reservation in uplink.   

Observation 1 [bookmark: _Toc6912869][bookmark: _Toc7793611][bookmark: _Toc21129859]Collision between NR and NB-IoT uplink transmissions can be avoided in frequency and/or time domain by the scheduler.  
Observation 2 [bookmark: _Toc21129860]In TDD, invalid UL NB-IoT subframe configuration can also be exploited to avoid collision between NR and NB-IoT.
[bookmark: _Toc6912881][bookmark: _Toc7793617][bookmark: _Toc21129865]Introduce UL valid/invalid subframe configuration for NB-IoT FDD to increase the coexistence flexibility.
[bookmark: _Toc7793754][bookmark: _Toc18845145][bookmark: _Toc21129866]No finer resource reservation granularity than the subframe-level is needed in uplink.

Signaling aspect of resource reservation
Using DCI for resource reservation
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 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, DCI can be used to change the Rel-13 invalid subframes to valid and vice-versa.

Observation 3 [bookmark: _Toc18845146][bookmark: _Toc21129861]DCI can be used for dynamic activation/deactivation of semi-statically configured reserved NB-IoT resources.
[bookmark: _Toc21129867]If a new DCI bit is introduced, it can be used to make some or all of the Rel-13 invalid subframes valid for the duration of the scheduled NPDSCH/NPUSCH transmission.

NB-IoT resource reservation using bitmaps
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 (an illustrative example is shown in Figure 1). In the current NB-IoT system the bitmap length is 10 or 40 bits for indicating valid/invalid subframes within one or four frames. We can have a two-level bitmap (bitmap 1 and bitmap 2) in which the first bitmap indicates the subframes and the second bitmap shows the reserved symbols within those subframes identified by the first bitmap. In general, the granularity of the second level resource reservation can be one OFDM symbol, two symbols, seven symbols, or 14 symbols. The one-symbol granularity is the smallest granularity, the seven-symbol granularity is slot-level, and 14-symbol granularity is the existing subframe-level resource reservation. Therefore, such two-level bitmap signaling can be used to configure existing Rel-13 parameters for valid/invalid subframes.

[image: ]
[bookmark: _Ref11759651]Figure 1: NB-IoT resource reservation using bitmap (an illustrative example).

To ensure proper operation of NB-IoT, we should avoid reserving resources used for essential NB-IoT signals. Specifically, symbols used for NB-IoT NRS should not be reserved (see Figure 2 as an example). Another advantage of this scheme is that it reduces the overhead of NB-IoT resource reservation by e.g., decreasing the bitmap length needed for reserving symbols within a subframe. 
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[bookmark: _Ref20909622]Figure 2: Example of NB-IoT resource reservation excluding NRS.

Here, we present representative results on the overhead of time-domain resource reservation using two-level bitmap scheme (using bitmap 1 and bitmap 2).
Table 1 lists the length of bitmaps for a bitmap-based NB-IoT resource reservation that excludes NRS for two antenna ports.

[bookmark: _Ref20844698]Table 1: Bitmap length for various granularities of NB-IoT resource reservation (two-level bitmap case).
	Granularity of resource reservation
	Bitmap 1 length
	Bitmap 2 length for each partially-valid subframe

	One OFDM symbol
	10 (within one frame), or 40 (within four frames)
	10

	Pair of three- symbol and two-symbol
	10 (within one frame), or 40 (within four frames)
	4

	Subframe-level (14 OFDM symbols)
	10 (within one frame), or 40 (within four frames): existing Rel.13 invalid/valid subframes
	No need for bitmap 2




Observation 4 [bookmark: _Toc21129862]One way to indicate NB-IoT resource reservation is via bitmap which is already used for invalid/valid subframes.
Observation 5 [bookmark: _Toc11834990][bookmark: _Toc21129863]The bitmap length for reserving NB-IoT time-domain resources depends on the granularity of resource reservation as well as the number of subframes (e.g., one or four) in which the resources are reserved.
Observation 6 [bookmark: _Toc21129864]The two-level bitmap signaling can be used to configure existing Rel-13 parameters for valid/invalid subframes.
[bookmark: _Toc21129868]NB-IoT symbols that carry NRS are not reserved.
[bookmark: _Toc16786735][bookmark: _Toc16786756][bookmark: _Toc16786777][bookmark: _Toc16787590][bookmark: _Toc16786736][bookmark: _Toc16786757][bookmark: _Toc16786778][bookmark: _Toc16787591][bookmark: _Toc21129869]A bitmap-based scheme is used for reserving NB-IoT 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.

Therefore, resource reservation in slot-level and symbol-level should be supported for all operation modes.

[bookmark: _Toc21129870]Support resource reservation feature for all NB-IoT operation modes.

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	Collision between NR and NB-IoT uplink transmissions can be avoided in frequency and/or time domain by the scheduler.
Observation 2	In TDD, invalid UL NB-IoT subframe configuration can also be exploited to avoid collision between NR and NB-IoT.
Observation 3	DCI can be used for dynamic activation/deactivation of semi-statically configured reserved NB-IoT resources.
Observation 4	One way to indicate NB-IoT resource reservation is via bitmap which is already used for invalid/valid subframes.
Observation 5	The bitmap length for reserving NB-IoT time-domain resources depends on the granularity of resource reservation as well as the number of subframes (e.g., one or four) in which the resources are reserved.
Observation 6	The two-level bitmap signaling can be used to configure existing Rel-13 parameters for valid/invalid subframes.

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

Proposal 1	Introduce UL valid/invalid subframe configuration for NB-IoT FDD to increase the coexistence flexibility.
Proposal 2	No finer resource reservation granularity than the subframe-level is needed in uplink.
Proposal 3	If a new DCI bit is introduced, it 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 4	NB-IoT symbols that carry NRS are not reserved.
Proposal 5	A bitmap-based scheme is used for reserving NB-IoT resources.
Proposal 6	Support resource reservation feature for all NB-IoT operation modes.
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