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1. 	Introduction
Cellular system can be deployed, typically, in two different ways in terms of the spectrum allocation, i.e. FDD deployment in paired spectrum and TDD deployment in un-paired spectrum. As NR deployment moves towards high frequency band and wider bandwidth, TDD deployment may be the 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, to adapt to the variation of asymmetry between UL and DL traffic load. 
Dynamic TDD study (eIMTA [1]) has been carried out for LTE TDD. It has its own 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.
The following agreement has been reached 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

Furthermore, the performance evaluation results of a variety of interference mitigation schemes were discussed in RAN1 #88, and it was agreed that duplexing flexibility with cross-link interference mitigation provides improvement in UPT over static UL/DL resource partition and over duplexing flexibility without cross-link interference mitigation schemes [3].
[bookmark: _GoBack]In this contribution, we consider approaches for dynamic TDD interference management for control channel interference management.
2. 	Dynamic TDD cross link interference
In Dynamic TDD, as each gNB switches its DL/UL directions, one of the most important issues to solve is Cross Link Interference (CLI) management. Figure 1 illustrates two typical interference scenarios. In this illustration, 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
3. The MCS used for the data/control transmission
From a 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 and higher probability of LOS.
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). 
[image: ]
[bookmark: _Ref462308300]Figure 1 Dynamic TDD interference scenarios
With dynamic TDD, cross link interference between DL and UL is inevitable. Interference management is crucial for dynamic TDD to provide performance improvement.
3. 	Dynamic TDD control channel interference management 
In cellular systems, control channel reliability is very crucial. For DL transmission, the loss of control channel information also means the loss of DL data channel transmission. For UL transmission, the loss of a grant means the loss of a transmission opportunity. On the other side, loss of ACK/NAK can also mean unnecessary retransmission, etc. Without careful design, dynamic TDD performance can suffer due to the unreliable control channel. Another important aspect to note is that data channel has HARQ to improve reliability and efficiency, while control channel does not. Therefore, in cellular system, control channel typically has much higher one-transmission reliability requirement compared to data channel.  
Figure 2 illustrates the control channel interference issue, where control channel transmission can collide with the neighbour cell/UE data transmission. In such a scenario, there will be high probability to lose the control channel information which is highly undesirable. To ensure that control channel has good reliability, we propose to align the control channel transmission in NR dynamic TDD, i.e., disallow the dynamic direction switching for control channel. 
Proposal 1: For dynamic TDD control channel interference management, NR should allow static frequency and time resource for control channel transmission, and avoid data-to-control-channel cross link interference and also avoid dynamic DL/UL direction switch for control channel.

[image: ]
Figure 2 Control channel interference
4.	Conclusion
We discussed the need for control channel reliability and also some approaches to control channel interference management.
Proposal 1: For dynamic TDD control channel interference management, NR should allow static frequency and time resource for control channel transmission, and avoid data-to-control-channel cross link interference and also avoid dynamic DL/UL direction switch for control channel.
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