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Introduction
In the work item on “Additional enhancements for NB-IoT” [1] one of the objectives is to study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR.
The following agreements were made for NB-IoT in RAN1#96.
	For further study in future meeting (including):
· NB-IoT resource reservation on non-anchor carrier to improve the performance of coexistence of FDD/TDD NB-IoT with NR 
· Subframe-level resource reservation in NB-IoT
· Symbol-level resource reservation in NB-IoT
· Slot-level resource reservation in NB-IoT

For further study in future meeting (including):
NB-IoT transmission is dropped/postponed in reserved resources.

Conclusion
From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and FDD/TDD NB-IoT




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. 
NR transmissions for which to reserve NB-IoT resources
The possibility of collision between NR and NB-IoT transmissions as the number of NB-IoT non-anchor carriers, which are placed inside NR, increases. One way to avoid collision between NB-IoT and essential NR transmissions such as SSB and CORESET is to reserve resources on non-anchor carriers avoid NB-IoT transmissions. While resource reservation can also be considered in an NB-IoT anchor carrier, it can degrade the performance of NB-IoT due to its impact of key signals such as NPSS a NSSS. Hence, NB-IoT resource reservation on non-anchor carriers is preferred. However, the need for having resource reservation in NB-IoT depends on the NR system bandwidth as well as the number of NB-IoT non-anchor carriers. For low NR system bandwidth (e.g., 5 and 10 MHz), resource reservation in NB-IoT will be necessary for an efficient coexistence between NR and NB-IoT. Meanwhile, for large number of NB-IoT non-anchor carriers, resource reservation in NB-IoT can ensure avoiding collision between NR and NB-IoT transmissions.
[bookmark: _Hlk1041556]One example where it may be beneficial to be able to use NB-IoT and NR in the same RB is where NR is transmitting the initial CORESET associated with the NR Type0-PDCCH search space, which occurs in a regular pattern depending on the configuration in NR. This initial CORESET can be configured in several ways related to the location and size in terms of number of OFDM symbols and number of PRBs in frequency domain. For example, one configuration extends over one OFDM symbol (note: maximum duration of CORESET is 3 OFDM symbols) and 48 RBs, i.e. essentially the full system bandwidth in a 10 MHz carrier with 15 kHz subcarrier spacing. One way to solve the coexistence is to avoid NB-IoT transmission in all such subframes, for example by declaring them as non-NB-IoT DL subframes. This may, however, restrict the resources available for NB-IoT in an undesired way. Similarly, the initial CORESET can be placed in one of the first few symbols and have these reserved for an NB-IoT UE by defining these symbols to correspond to the LTE control region size in an in-band NB-IoT deployment. Again, this may lead to unnecessary unused resources for NB-IoT in some scenarios, for example in subframes where the initial CORESET is not transmitted. 
Another option is to have the eNB transmitting the NB-IoT signal avoid the resource elements overlapping with the transmission pattern of the initial CORESET. It may then be beneficial for a Rel-16 UE to be notified on this pattern in order not to degrade the performance by configuring reserved resources for NR. 
In addition to resource reservations to accommodate the initial CORESET, it may be beneficial to have resource reservations also for other NR resources, for example CSI-RS and TRS. The main benefit would then be to allow a Rel-16 NB-IoT UE to rate match around those resources when scheduled in the same RBs. Since a legacy NB-IoT UE (Rel-13/14/15) is not aware of these resources, it may not be able to perform such rate matching, and therefore an NB-IoT scheduler may try to avoid this altogether for legacy devices, or at least account for an expected performance loss. 
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Figure 1: Example of NR CORESET and LTE control region.

In NR, the Synchronization Signal Block (SS block or SSB) consists of synchronization signals (PSS and SSS) and PBCH. Time synchronization and frequency synchronizations are done using PSS and SSS. Also, PBCH carries basic system information such as master information block (MIB) and determines essential parameters for initial access of the cell including the downlink system bandwidth, and the system frame number.
In frequency domain, one SSB block occupies 20 contiguous resource blocks which is equivalent to 240 subcarriers. In time domain, one SSB block spans over 4 OFDM symbols. Among the four symbols, one symbol is for PSS, one symbol is for SSS, and 2 symbols are for PBCH. Figure 2 illustrates the time and frequency structure of the NR SSB block. 
To support initial access and beam management, NR supports SS burst set which consists of multiple SS blocks confined within a 5 ms window. Depending on the system bandwidth, up to 64 SS blocks can be transmitted within a SS burst set. During initial cell selection process, the default periodicity for SSB is 20 ms.

[image: ]
[bookmark: _Ref527646860]Figure 2: SS block structure in NR.


[bookmark: _Toc3291575][bookmark: _Toc4709866]NB-IoT resource reservation with finer granularity than today’s NB-IoT DL subframe bitmap may be beneficial for enabling rate matching around NR resources, such as for example initial CORESET, CSI-RS and TRS.

1. [bookmark: _Hlk4704383][bookmark: _Toc3291578][bookmark: _Toc4709869]RAN1 considers suitable mechanisms for reserving resources in NB-IoT to accommodate at least part of NR initial CORESET, NR CSI-RS and NR TRS. It should be clarified if the existing subframe-level NB-IoT resource reservation is enough.

Granularity for NB-IoT resource reservation in NR with 15 kHz SCS
Resource reservation in NB-IoT can be done in subframe-level, slot-level, and symbol-level. Subframe-level resource reservation is already possible in NB-IoT using the concept of invalid subframe. Having a finer resource reservation (e.g., slot-level or symbol-level) can have two advantages: 1) it improves the resource utilization in NR and NB-IoT coexistence, and 2) it facilitates the coexistence of NR URLLC services with NB-IoT. Nevertheless, introducing slot-level and symbol-level require changes in the NB-IoT system and increase the complexity. 
Next, we provide some examples to show how the resource reservation in NB-IoT can impact the resource utilization in NR and NB-IoT coexistence.
Example 1:
· [bookmark: _Hlk4706603]Let’s consider a 20 MHz NR system bandwidth with 106 RBs over a time period of N*20 ms.
· CORESET: one OFDM symbol in every 5 slots (i.e. every 5 ms), and 48 RBs
· SSB:  four SSB during 20 ms over 20 RBs. Each SSB occupies 4 OFDM symbols.
· Case A SSB pattern: 4 SSBs within 5 ms with 20 ms periodicity 

In Example 1, the percentage of resources available for NB-IoT after having reserved NB-IoT resources for CORESET and SSB will be as follows:

a) Considering 106 RBs

· Case 1: subframe-level resource reservation in NB-IoT
· Percentage of resources available for NB-IoT= (20*106-4*48-2*20)/(20*106)*100=89%

· Case 2: slot-level resource reservation in NB-IoT (e.g., using valid/invalid subframes)
· Percentage of resources available for NB-IoT= (40*106-4*48-4*20)/(40*106)*100=93.5%

· Case 3: symbol-level resource reservation in NB-IoT
· Percentage of resources available for NB-IoT= (20*14*106-4*48-16*20)/(20*14*106)*100=98.2%

b) Considering one RB containing CORESET and SSB 

· Case 1: subframe-level resource reservation in NB-IoT
· Percentage of resources available for NB-IoT = (20*1-4*1-2*1)/(20*1)*100=70%

· Case 2: slot-level resource reservation in NB-IoT (e.g., using valid/invalid subframes)
· Percentage of resources available for NB-IoT = (40*1-4*1-4*1)/(40*1)*100=80%

· Case 3: symbol-level resource reservation in NB-IoT
· Percentage of resources available for NB-IoT = (20*14*1-4*1-16*1)/(20*14*1)*100=92.8%

Example 2:
· CORESET: one OFDM symbol in each slot, and 48 RBs

In Table 1 and Table 2 we present the percentage of NR resources which can be used for NB-IoT in various resource reservations schemes and NR system bandwidths. Here, CORESET pattern is one OFDM symbol and 48 RBs, and Case A SSB pattern which has 4 SSB within 5 ms.

[bookmark: _Ref2845967]Table 1: Percentage of resources available for NB-IoT in various cases for Example 1.
	
	Subframe-level resource reservation
	Slot-level resource reservation
	Symbol-level resource reservation

	Amount of resources available for NB-IoT in case of 10 MHz NR system bandwidth
	77.6%
	87%
	96.4%

	Amount of resources available for NB-IoT in case of 20 MHz NR system bandwidth
	89%
	93.5%
	98.2%

	Amount of resources within the “worst” RB that can be used for NB-IoT
	70%
	80%
	92.8%



[bookmark: _Ref3372741]Table 2: Percentage of resources available for NB-IoT in various cases for Example 2.
	
	Subframe-level resource reservation
	Slot-level resource reservation
	Symbol-level resource reservation

	Amount of resources available for NB-IoT in case of 10 MHz NR system bandwidth
	7%
	50%
	91.2%

	Amount of resources available for NB-IoT in case of 20 MHz NR system bandwidth
	54%
	75.4%
	95.6%

	Amount of resources within the “worst” RB that can be used for NB-IoT
	0%
	40%
	87%



Observation 1 [bookmark: _Toc4420722][bookmark: _Toc4709867]The amount of resources available for NB-IoT when coexisting with NR depends on the resource reservation scheme in NB-IoT, the NR system bandwidth, as well as NR CORESET and SSB patterns. 

[bookmark: _Toc4709868]For 10 MHz NR system bandwidth, maximum CORESET repetition, and using subframe-level NB-IoT resource reservation, only around 7% of the resources are available for NB-IoT. With slot-level and symbol-level NB-IoT resource reservation, the NB-IoT resource availability can increase up to 50% and 91%, respectively.
[bookmark: _Toc4429835][bookmark: _Toc4430474]
[bookmark: _Toc4709870]Improved resource availability for NB-IoT can be achieved if NB-IoT resource reservation with finer granularity than one subframe is supported.

Dropping or postponing NB-IoT transmission in reserved resources
NB-IoT transmissions in reserved resources for NR can be either dropped or postponed. While postponing the NB-IoT transmissions can lead to a higher detection performance compared to the dropping operation, it increases scheduling complexity. Particularly, the postpone operation becomes more complicated if symbol-level resource reservation is supported in NB-IoT.  Considering the fact that in time domain only few symbols need to be reserved for NR CORESET (depending on the configuration) and SSB (4 symbols in 20ms), the detection performance will not be significantly degraded when dropping operation is used. Therefore, given its low implementation complexity and low impact on the detection performance, the dropping operation can be considered for NB-IoT transmissions in reserved resources.  

[bookmark: _Toc4709871]NB-IoT transmissions in reserved resources may be dropped particularly when low-complexity scheduling is required.  

Cases with higher NR subcarrier spacing than 15 kHz
Compared to LTE numerology where only one type of subcarrier spacing (15 kHz) is considered, NR supports different types of subcarrier spacing. Consequently, slot (or mini-slot in NR) length can be different between NR and NB-IoT, depending on numerology. For the 30 kHz NR subcarrier spacing case, OFDM symbol duration and subframe duration are shown in Figure 3 and Figure 4. In NR, frame, subframe, and slot are, respectively, 10 ms units, 1 ms units, and 14 OFDM symbols. Clearly, the NR symbol duration decreases by increasing the SCS. 
[image: ]
[bookmark: _Ref525727031]Figure 3: Frame structure in NR for 30 kHz subcarrier spacing.

[image: ]
[bookmark: _Ref4429462]Figure 4: Time-frequency domain of NR (30 kHz SCS) and NB-IoT (15 kHz SCS).

One of the key benefits of higher SCS is that transmission latency decreases by decreasing the symbol duration. Therefore, higher SCS is useful for supporting NR URLLC services. In this regard, it is important to ensure efficient coexistence between NR URLLC and NB-IoT. To this end, NB-IoT resource reservation can be considered to avoid collision between NB-IoT and NR URLLC transmissions. With shorter NR symbol/slot duration in higher SCS cases, a finer resource reservation in NB-IoT is required.
[bookmark: _Toc4709872]For higher NR SCS cases, a smaller granularity (slot-level or symbol-level) should be considered for NB-IoT resource reservation.

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	NB-IoT resource reservation with finer granularity than today’s NB-IoT DL subframe bitmap may be beneficial for enabling rate matching around NR resources, such as for example initial CORESET, CSI-RS and TRS.
Observation 1	The amount of resources available for NB-IoT when coexisting with NR depends on the resource reservation scheme in NB-IoT, the NR system bandwidth, as well as NR CORESET and SSB patterns.
Observation 2	For 10 MHz NR system bandwidth, maximum CORESET repetition, and using subframe-level NB-IoT resource reservation, only around 7% of the resources are available for NB-IoT. With slot-level and symbol-level NB-IoT resource reservation, the NB-IoT resource availability can increase up to 50% and 91%, respectively.

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

Proposal 1	RAN1 considers suitable mechanisms for reserving resources in NB-IoT to accommodate at least part of NR initial CORESET, NR CSI-RS and NR TRS. It should be clarified if the existing subframe-level NB-IoT resource reservation is enough.
Proposal 2	Improved resource availability for NB-IoT can be achieved if NB-IoT resource reservation with finer granularity than one subframe is supported.
Proposal 3	NB-IoT transmissions in reserved resources may be dropped particularly when low-complexity scheduling is required.
Proposal 4	For higher NR SCS cases, a smaller granularity (slot-level or symbol-level) should be considered for NB-IoT resource reservation.
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