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1. 	Introduction
Cellular system can be deployed, typically, in two different ways in terms of the spectrum allocation. The first deployment is to use paired spectrum with FDD, the other deployment is to use un-paired spectrum with TDD. As NR deployment moves towards high frequency band and wider bandwidth, TDD deployment can be more important topic for study due to more availability of unpaired spectrum. Another advantage of TDD deployment is that DL and UL resource can be more dynamically allocated, i.e. dynamic TDD, in order to adapt to the variation of a-symmetricity between UL and DL traffic load. 
Dynamic TDD study, eIMTA [1], has been carried for LTE TDD, which has its only limitation in the areas such as supporting fast DL/UL switch to provide better service with low latency requirement and supporting better interference mitigation. For 5G NR, Dynamic TDD design can benefit from a clean slate design and provide more robust interference management as well as fast and more efficient adaption to the variation in DL and UL traffic.
Following agreement has been reach in RAN1 #87 meeting [2]

· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner
· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)
· FFS adaptation at the level of a mini-slot
· Other aspects, if any, are not excluded
· Note: the applicability of the above bullets in terms of spectra is a separate discussion

In this contribution, we consider the schemes for dynamic TDD interference management focusing on the cross link data interference.
2. 	Dynamic TDD data channel interference management 
In Dynamic TDD, there are typically two interference scenarios. As illustrated in Figure 1, where BS1 transmits on DL to UE1, while UE2 transmits on UL to BS2.
1. At BS2 Rx, the signals received from BS1 can cause large interference to the desired signal from UE2.
2. At UE1 Rx, the signals received from UE1 can cause large interference to the desired signal from BS1.
The severity of the interference depends on a few factors 
1. The difference between the pathloss/instantaneous channel strength between the victim link and the cross link interference link
2. The difference between the transmit power of Tx in the victim link and Tx in the cross link interference link
From high level, below is a general observation
1. Interference caused by BS1 Tx to BS2 Rx could potentially be very detrimental, because of at least two reasons. First reason is that the transmit power difference between the BS and UE can be very large. The second reason is that path loss between BS’s can be much closer to the free space path loss due to the height of BS.
2. Interference caused by UE2 Tx to UE1 Rx can be severe as well, especially when UE1 and UE2 is very close to each other and far away from its serving cell (i.e. both at the cell edge). 
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[bookmark: _Ref462308300]Figure 1 Dynamic TDD interference scenarios
With dynamic TDD, interference between DL and UL is evitable. Interference management is crucial for dynamic TDD to provide performance improvement.
We envision that there are at least two types of interference management solution, namely
1. Interference suppression 
2. Scheduling/transmission coordination.
Interference suppression refers to the techniques that can reject or cancel the interference at the receiver side. However, interference suppression has certain limitation. For example, when the interference is too strong, interference cancellation performance can be very limited due to the reason such as AD saturation. The other consideration is that interference suppression requires advanced receiver, not all receiver may have that capability which is especially true at the UE side. So it is not enough to purely rely on the interference suppression to handle interference in dynamic TDD case. It is also important to have the scheduling and transmission coordination.
Scheduling and transmission coordination refers to the schemes that aim to control the interference between DL and UL transmission by carefully selecting the communication links. To perform coordination, there are at least two steps needed, the fist step is to make OTA measurement to determined the interference level between DL and UL, the second step is signalling exchange to ensure that commutation links that can potentially cause large interference to each other are handled appropriately to avoid severe cross link interference. Those two steps can be performed at different time scale and achieve by different means. At least, there are three types of scheduling and transmission coordination
· Approach A.  Semi-static OTA measurement & signalling, coupled with semi-static information exchange over backhaul 
· Approach B.  Semi-static OTA measurement & signalling, coupled with dynamic information exchange over backhaul 
· Approach C.  Dynamic OTA measurement & signalling
The approach A is more suitable for the scenario that the ratio of DL and UL traffic volume and the interference profile in the system (e.g. low UE mobility) vary slowly. The benefit of approach A is the reduced measurement and signalling overhead at the expense of slow response to traffic and interference profile change.
One the contrary, approach C allows fast adaptation to the dynamic change of the interference profile and traffic volume change. OTA measurement can be performed before the start of each transmission, followed by or preceded by the signalling that can be used to determine the direction of the transmission, and/or the Tx yielding.
Naturally approach B is a trade off of OTA signalling overhead over speed of dynamic TDD adaptation. Approach B would be useful when low latency backhaul is available
In this contribution, we focus on the semi-static OTA measurement as well as well the dynamic OTA measurement solution
3. 	Semi-static OTA measurement for Dynamic TDD data channel interference management
To avoid severe cross link interference, one solution is for gNB to make cross link interference aware scheduling decision, in terms of deciding on the direction (DL or UL), the MCS, the potential power backoff, the beam choice etc. For the gNB to make smart cross link interference aware decision, interference knowledge between different links is essential. These interference knowledge includes the UE to UE and BS to BS. In the current system, this type of interference knowledge is not readily available (e.g. BS to BS interference) or even impossible to obtain (e.g. UE to UE interference). For the dynamic TDD to work robustly, we believe it is important to allow the interference measurement in order to support dynamic TDD. On the other side, interference measurement incurs overhead in the system, so it is important to also control the overhead. Based on the above discussion, interference management can be at semi-static level. In our contribution [3], we also show the effectiveness of semi-static OTA measurement via simulation results.
For measurement of potential BS to BS interference, we can consider the special slot structure dedicated for the interference measurement as illustrated in the upper part of Fig. 2
· BS (gNB) uses network listen functionality to estimate BS-BS channel
· Each BS has a low duty-cycle for sending sounding signals (CSI-RS) (on the order of seconds or even longer)
· Neighboring BS measures the channel during the sounding period
For measurement of potential UE to UE interference, we can consider the special slot structure dedicated for the interference measurement as illustrated in the lower part of Fig. 2
· A subset of UEs transmit SRS, while other UEs measure their signal (different SRS signals can be multiplied over multiple “SRS” channels)
· Measurements are filtered and reported to the infrastructure (on the order of seconds or even longer) 


Figure 2 Slot structure for semi-static OTA interference measurement
In summary, for semi-static OTA measurement, we have the following proposal
Proposal 1: To support dynamic TDD, NR considers supporting special slot structure and mechanisms to allow the sounding of BS to BS and UE to UE channel.
3. 	Dynamic OTA measurement for Dynamic TDD data channel interference management
In previous section, we discuss the semi-static measurement. The limitation of semi-static interference measurement is the lack of ability to adapt to the fast variation of radio environment, UE mobility etc. A truly robust solution is the dynamic OTA measurement. There could be multiple flavours of dynamic OTA measurement, a more comprehensive solution can involve the Tx to send RTS and Rx to send CTS before data transmission. On the other side, we also need to consider the overhead incurred from the dynamic OTA measurement since every transition between Rx and Tx (DL and UL) introduces more overhead for both RF switching time and propagation delay. To reduce the overhead incurred from dynamic OTA measurement, we propose
· System employs default scheduling direction
· gNB can schedule transmission opposite to the default direction. However, to control the interference caused from the converted direction to the default direction, receiver in the default direction sends OTA measurement signal (CTS) preceding each data transmission for the potential Tx yielding of the converted direction. 

Below we explains our proposal in details. Fig. 3 illustrate the scenario with default direction of DL
· gNB schedules the default direction, DL (upper part of Fig. 3)
· After receiving DL scheduling, UE transmits OTA measurement signal (CTS)
· After the gap for CTS transmission, gNB proceed with the DL data transmission
· gNB schedules the UL transmission, which is opposite to the default direction, DL (lower part of Fig. 3)
· UE listens to the CTS before starting UL transmission. If UE hears strong CTS, UE will abandon the UL transmission or perform power backoff.
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Figure 3 Dynamic OTA measurement, default direction DL
Similarly, Fig. 4 illustrates the scenario when default direction is UL
· gNB schedules the default direction, UL (upper part of Fig. 4)
· After transmitting UL scheduling information, gNB transmits OTA measurement signal (CTS)
· After the gap for CTS transmission, UE proceeds with the UL data transmission
· gNB schedules the DL transmission, which is opposite to the default direction, UL (lower part of Fig. 4)
· gNB listens to the CTS before starting DL transmission. If gNB hears strong CTS, gNB will abandon the DL transmission or perform power backoff.
[image: ]
Figure 4 Dynamic OTA measurement, default direction UL
Clearly, the benefit of this approach is requirement of only one OTA measurement signal (CTS) which reduces the overhead associated with dynamic measurement. Hence, we have the following proposal
Proposal 2: To support dynamic TDD, NR considers supporting special slot structure to allow dynamic OTA measurement by leaving guard between DL PDCCH and data transmission.
[bookmark: _GoBack]It is important to note that different ways can be used to indicate to UE the existence of gap for supporting of dynamic OTA measurement for dynamic TDD operation, one solution that can reduce control overhead is to use L1 broadcast control channel as described in more details in [4]
4.	Conclusion
In this contribution, we proposal two solutions for the dynamic TDD interference management, especially for the data channel. Two solutions are 
· Semi static OTA interference measurement (on the order of seconds or longer)
· Dynamic OTA measurement (per scheduling basis)

Below are the summary of our proposals
Proposal 1: To support dynamic TDD, NR considers supporting special slot structure and mechanisms to allow the sounding of BS to BS and UE to UE channel.
Proposal 2: To support dynamic TDD, NR considers supporting special slot structure to allow dynamic OTA measurement by leaving guard between DL PDCCH and data transmission.
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