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Introduction
This contribution shows our views on the issue of TDD NB-IoT coexistence with NR, which has been pointed out by [1] .
Discussion
Summary of general TDD synchronization issue
It is well known that TDD requires good synchronization to minimize the performance degradation due to cross-link (UL-to-DL and/or DL-to-UL) interference etc. The categorization of TDD synchronization issues is summarized in Table 1, which purpose is to show which aspect operators need to consider in general. 
Table 1. Categorization of TDD UL/DL synchronization issue
	Categories
	Details
	Note

	1
Intra-
operator
	1-1
inter-eNB, intra-band
	UL-to-DL(UE-to-UE) and/or DL-to-UL(eNB-to-eNB)
	It is operator’s matter, and implementation based solution may solve the problems. 

	
	1-2
intra-eNB
	1-2-1
Intra-band
	UL-to-DL for UE and eNB
	Async-operation is not realistic, and hence sync-operation is the baseline

	
	
	1-2-2
Inter-band
	Carrier Aggregation case for UE
Multi-band operation for eNB
	Sync-operation can reduce the insertion loss and sensitivity degradation for a UE

	2
Inter-
operator
	2-1
Co-channel 
	UL-to-DL(UE-to-UE) or DL-to-UL(eNB-to-eNB) happening e.g. near country border
	Sync-operation is the easiest solution to avoid the serious interference

	
	2-2
Adjacent channel 
	UL-to-DL(UE-to-UE) or DL-to-UL(eNB-to-eNB) among operators
	The coexistence condition is up to operators. It is noted that the introduction of guard band can ease the negotiation.

	3
Inter-system
	Many combination can be considered (LTE-NR, LTE-WiMAX, NR-satellite etc)
	Synchronized/asynchronized assumption is sometimes required when calculating the aggregated interference power. 


Note: yellow shadow shows the categories are not easy to change the configuration. 

This table shows that operators need to take various aspects into account, and the important thing is that “other company(ies)” can be the victim for many cases. It is therefore difficult to change the synchronization assumption, including TDD configuration, once we start the practical TDD operations. The coexistence study is basically done before the deployment start, and the condition of coexistence may not be valid when we change the TDD UL/DL configuration unless. 
Observation
The TDD synchronization issue is very coplicated in the practical operations.
It is not so easy to change the TDD UL/DL configurations after the practical operation is started.
Given the observation above, we propose:
Proposal
[bookmark: P1]Companies are encouraged to take a look at TDD NB-IoT coexistence issue with NR, and discuss whether or not there is a problematic case for the coexistence.
If the necessity is identified,
· The features related to TDD UL/DL configurations should be addressed from the first release, i.e. Rel-15
In the following section, we show some case studies, which may have a coexistence problem.
Potential problematic cases
Example 1: 15kHz SCS LTE & 15kHz SCS NR (i.e. same numerology)
A problem will happen when e.g. self-contained structure is used to enjoy the benefit of latency reduction. Note no problem will happen if short latency is not required because NR supports the same (synchronized) UL/DL configuration with LTE. The example figure for NB-IoT with TDD UL/DL configuration #2 is shown in Figure 1.
[image: ]
Figure 1. TDD UL/DL synchronizations for NB-IoT and NR with 15kHz SCS
This figure hints a few issues for further consideration:
Consideration point 1: The broadcast signals of NB-IoT (NPSS, NSSS, PBCH and SIB1) should not blocked to avoid any negative impact. The easiest solution is to assign DL for NR in DL subframe #0, #5 and #9. 
Consideration point 2: In order to protect HARQ-ACK transmission on NR UL for latency reduction, it is necessary to drop DL transmission on NB-IoT. Hence, symbol level muting for TDD NB-IoT DL will be helpful. However, the last two symbols in NB-IoT DL contain NRS and dropping of NRS may cause the performance degradation.
Consideration point 3: UL resources should be protected especially for the DL heavy UL/DL configrations. Therefore, colliding NR subframe should be set to UL. 
Example 2: 15kHz SCS LTE & 30kHz SCS NR (i.e. different numerology)
30kHz SCS may be used on the TDD band operating NB-IoT due to the following reasons: (1) only 30kHz is supported by the network, (2) It enables latency reduction, and (3) It enables the use of >30MHz bandwidth without carrier aggregation. Here we give a case study for (2) because it looks more complicated and needs detailed analysis. An example figure with 2.5ms UL/DL duty cycle for NR is depicted in Figure 2 below. 
[image: ]
Figure 2. TDD UL/DL synchronizations for NB-IoT and NR with 30kHz SCS
Consideration point 1: In this case, the collision happnens between NB-IoT UL and NR DL. We see the necessity to protect NB-IoT UL because UL resource is limited for DL heavy TDD configuraitons. However, this may not be a big issue because Rel-15 NR supports DL(and UL) cancellation by GC-PDCCH, and no issue is foreseen for this case. 
Consideration point 2: In this case, the collision happnens between NB-IoT DL and NR UL. We see the necessity to protect NR UL in order to achieve prompt HARQ-ACK feedback. Hence, a mechanism for symbol level muting for TDD NB-IoT is useful for this case, but the last two symbols in NB-IoT DL contain NRS and dropping of NRS may cause the performance degradation.
Given the analyses above, the following observation can be made. 

Observation
Symbol-level muting for TDD NB-IoT DL may help the coexistence with NR using non-LTE UL/DL configurations. 
However, it may bring addional problem such as omission of NRS transmission. 
This contribution shows just two examples with one NB-IoT UL/DL configuration. Hence, more comprehensive analyses would be required to identify the potential issues.
Proposal
[bookmark: P2]The following options are considered for further investigation
· Introduce some solutions, e.g. symbol level muting 
· Introduce nothing, e.g. synchronized UL/DL configuration is allowed for NR
Other aspects
The coexistence issue here is very important since NB-IoT is a long-life system targeting over 10 years. On the other hand, we would emphasize that the same problem happens to TDD eMTC. Thus, we propose the following:
Proposal
[bookmark: P3]If TDD NB-IoT co-existence issue with NR is addressed, TDD eMTC coexistence issue with NR should also be addressed
Summary
Our proposals in this contribution are summarized as follows: 
Companies are encouraged to take a look at TDD NB-IoT coexistence issue with NR, and discuss whether or not there is a problematic case for the coexistence.
If the necessity is identified,
· The features related to TDD UL/DL configurations should be addressed from the first release, i.e. Rel-15
The following options are considered for further investigation
· Introduce some solutions, e.g. symbol level muting 
· Introduce nothing, e.g. synchronized UL/DL configuration is allowed for NR
If TDD NB-IoT co-existence issue with NR is addressed, TDD eMTC coexistence issue with NR should also be addressed
[bookmark: _GoBack]
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