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1 Introduction
At the RAN1 #86b meeting, it was agreed that [1] 
NR shall continue study resource assignment and interference handling considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations

· Resource assignments and rate adaptations

· Frame structure and HARQ/scheduling timing

· Measurements for cross-link interference management

· Signalling (e.g., OTA, backhaul, UE capability, etc.)

· Cross-link interference management (IC/IS, power control, etc.)

· Centralized vs. distributed interference/resource management

· Beamforming/MIMO

· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)

· Latency reduction

· Whether or not LTE interference/resource management can be used as a starting point (as applicable)

· Sensing

· RS design

· Advanced receiver

· Timing alignment between DL and UL

In this contribution, we propose a subframe structure for NR dynamic TDD with timely measurement and measurement report that emulate and measure the interference condition that is going to be experienced by the corresponding traffic data transmission. The proposed subframe structure can also be applied to sidelink and opportunistic spectrum access. 
2 Design challenges in NR dynamic TDD

Dynamic TDD can lead to high BS-BS and UE-UE interference besides the conventional BS to UE and UE to BS interference. In NR, with heterogeneous deployment and various TTIs (e.g., slot/mini-slot), the interference can be even more dynamic as discussed in [2]. To handle interference, schemes such as resource assignment, advanced receiver, and power/rate/precoding/beam control can be applied.
Interference management schemes can be developed with and without considering cell coordination. For both coordinated interference management and uncoordinated interference management, timely interference measurement and measurement reporting that reflect the interference condition going to be experienced by the corresponding traffic data transmission is needed. Getting such timely interference measurement and reporting is challenging especially in dynamic TDD scenario where the interference condition could change from slot to slot and measurement in the previous slot could be obsoleted for use to schedule transmission (resource, power, MCS, etc.) in the current slot.  
In a companion paper [3], we discuss the requirements on interference measurement and reporting design and the potential impact on NR TDD subframe structure. In this paper, we provide a subframe structure that meets the requirements. 
3 Subframe structure for NR dynamic TDD
Interference measurement, interference control, rate adaptation and power control will need to reflect and adjust to the interference condition that is going to be experienced by the corresponding data transmission. In this section, we discuss a subframe structure suitable for dynamic TDD.  
3.1 Subframe structure for dynamic TDD 
Figure 1 shows the subframe structure suitable for dynamic TDD operation in NR. The subframe structure contains

1) DL control channel (DLCC). This channel is transmitted from BS and carry control information including DL/UL indication, subframe structure/type indication, and resource allocation. 
2) Tx control and measurement channel (TxCMC): This channel is transmitted from the transmitter side of the corresponding data channel and is transmitted on the RB(s) assigned for the corresponding data transmission. It could also carry control information such as new data indication, HARQ process number, redundancy version (RV) as well as DMRS or other types of RS for channel/beamforming/MIMO measurement. 
3) Rx control and measurement channel (RxCMC): This channel is transmitted from the receiver side of the corresponding data channel and is transmitted on the RB(s) assigned for the corresponding data transmission. It carries control information such as CQI/CSI and power control information as well as DMRS or other types of RS for channel/beam/precoding measurement. The CQI/CSI and power control information is computed by the receiver based on the received TxCMC.       
4) DL/UL data channel. Data channel is transmitted over the resources scheduled by the DLCC using the rate/power/precoder/beam obtained from the TxCMC and RxCMC handshake procedure. Note that the DL/UL data transmission scheduled by DLCC may be cancelled when the channel quality measured in 2) and 3) based on TxCMC is not good enough, e.g., the expected SINR of the scheduled DL data transmission is very low due to strong interference from the expected UL data transmission.   
5) DL (UL) control channels in DL (UL) data channel region. In the DL (UL) data channel region, additional DL (UL) control channels can be transmitted when needed. 
6) Guard period (GP) in for DL and UL switch. The GP for UL to DL switch can be merged into the prior GP for DL to UL switch as discussed in more details in the next section. 
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Figure 1 Basic subframe structure for dynamic TDD 
Figure 2 illustrates the applications of the basic frame structure in DL and UL subframes. In DL subframes, the TxCMC is transmitted from gNB and the RxCMC is transmitted from UE and therefore are denoted as DLCMC and ULCMC respectively in Figure 2 (a). In UL subframes, the TxCMC is transmitted from UE and RxCMC is transmitted from gNB and therefore are denoted as ULCMC and DLCMC respectively in Figure 2 (b). It should be noted that the DLCMC and ULCMC symbols are aligned, as shown in Figure 3, to allow for simultaneous measurement on DL and UL interferences. Figure 3 and Figure 4 illustrate a typical dynamic TDD scenario with neighboring cells serving data at opposite directions in a slot and the corresponding scheduling and measurement procedure based on the subframe structure. Taking UE#1 as an example, the procedure is described as follows:
1) BS#1 sends DL control information via DLCC to inform UE#1 of the DL direction of the slot and the RBs assigned to UE#1. In the meantime, BS#2 sends DL control information to inform UE#2 of the UL direction of the slot and the RBs assigned to UE#2.
2) BS#1 sends DL control and measurement channel to UE#1 in the RBs assigned to UE#1. In the meantime, UE#2 sends UL control and measurement channel to BS#2 in the RBs assigned to UE#2. 
3) UE#1 estimates the SINR and decodes the control information carried in DLCMC, upon receiving DLCMC from BS#1 and ULCMC from UE#2. The control information could contain information such as new data indication, HARQ process number, and redundancy version. 
4) UE#1 feeds back the measured CQI and transmit power control information for DL data transmission in the ULCMC channel. ULCMC can carry RSs for BS to estimate DL MIMO precoder.   
5) BS#1 indicates the MCS index and some other control information for the subsequent DL data transmission via DLCC right prior to DL data. 

[image: image2.emf]DL data

D

L

C

C

D

L

C

M

C

U

L

C

M

C

U

L

C

C

UL data

D

L

C

C

D

L

C

M

C

U

L

C

M

C

D

L

C

C

(a) DL subframe structure (b) UL subframe structure


Figure 2 Subframe structure applied in the DL and UL
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Figure 3 Illustration on DL and UL interference scenario and interference measurement
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Figure 4 Illustration on the interference measurement and measurement reporting procedure
To see how the system reacts to the various interference situations, we again use the example showed in Figure 3 to illustrate:

1) When DLCMC can be received by UE#1 and ULCMC can be received by gNB#2, the two links can reuse the RB(s). The ULCMC shall be received by gNB#1 with high probability and the DLCMC shall be received by UE#2 with high probability if 1) the gNB-gNB link and UE-UE link are reciprocal and/or 2) ULCMC transmission from UE#1 and DLCMC transmission from gNB#2 can use orthogonal resource. The subsequent data transmission at the two links can then proceed. 
2) When DLCMC can be received by UE#1 and ULCMC cannot be received by gNB#2, the RB(s) will be used by the gNB#1-UE#1 link. This corresponds to a situation where gNB-gNB interference is high. The ULCMC shall be received by gNB#1 with high probability given that gNB#2 will not transmit DLCMC. The subsequent data transmission at the gNB#1-UE#1 link can then proceed.  
3) When DLCMC cannot be received by UE#1 and ULCMC can be received by gNB#2, the RB(s) will be used by the gNB#2-UE#2 link. This corresponds to a situation where UE-UE interference is high. The DLCMC shall be received by UE#2 with high probability given that UE#1 will not transmit ULCMC. The subsequent data transmission at the gNB#2-UE#2 link can then proceed.  

4) When DLCMC cannot be received by UE#1 and ULCMC cannot be received by gNB#2, both links cannot use the RB(s). This corresponds to a situation where both gNB-gNB and UE-UE interference are high. The RB(s) can still be used by other cells.  
3.2 Variations on the subframe structure
The subframe structure can have several variations depending on the application scenarios and the requirements. Some of the variations are discussed in the following. 
In one variation, the GP between DLCC and DLCMC of a DL subframe can be used for transmission DL control as illustrated in Figure 5. The additional DLCC symbol(s) can be used for the same UE as by the subsequent DLCMC channel or by other UEs. It may suffer from interference from the ULCMC transmission from the neighboring cell. Therefore, when the additional DLCC symbol(s) is used by other UEs, the round trip propagation time should be confined within CP.  
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Figure 5 GP between DLCC and DLCMC for control
In another variation, the GP for switching from DL to UL can be combined into the GP for switching from DL to UL, as illustrated in Figure 6. This variation applies when Rx to Tx switch time can be merged into the GP in between DL to UL switch.  
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Figure 6 Merge GP between UL to DL switch into GP between DL to UL switch
In another variation, the subframe structure can be interlaced as illustrated in Figure 7 and Figure 8. Figure 7 illustrates a case where ULCC to be transmitted at the end of a DL subframe is deferred to a UL part of the subsequent subframe. This would allow more time for data decoding and scheduling the subsequent transmission/retransmission. Figure 8 illustrates a case where DL control for resource scheduling, measurement, measurement reporting, data transmission and HARQ are interlaced across slots. Taking the extended subframe #n as an example: 

1) DLCC1 at the front of slot #(n-1) schedules the resource for DL data transmission at the extended subframe #n. 
2) DLCMC and ULCMC at the front of slot #(n-1) perform interference measurement and measurement reporting for DL data transmission at the extended subframe #n
3) DLCC2 at the front of slot #n indicates the control information (such as MCS index) for the DL data transmission at slot #n
4) ULCC at the front of slot #(n+1) or later carries HARQ ACK and other UL control information such as CSI, SR, etc.The ULCC transmission in each slot can be scheduled by the DLCC1 of the slot. 
The subframes are extended by interlacing. For better illustration, the extended subframes are explicitly plotted out of the slots. Interlaced subframe structure applies for scenarios with relaxed latency requirement. 
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Figure 7 Interlaced subframe structure with deferred UL control 
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Figure 8 Interlaced subframe structure with cross-slot scheduling, measurement and measurement reporting
In another variation, different subcarrier spacing can be used for control and data. Figure 9 provides an example that the subcarrier spacing used in DL/UL control channels is 2 times of that used in data channel. The control and GP overhead in total can be reduced compared to not doubling the subcarrier spacing. Control channel capacity and cell size can be considered when applying this variation. 
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Figure 9 Control channel at 2x subcarrier spacing than data channel
Observation 1:  To support dynamic TDD, especially when adjacent BSs are allocating different DL/UL directions on the same RBs, it is critical that the interference measured in the CSI calculation procedure should reflect the interference to be experienced by the corresponding DL/UL data transmissions. 
Proposal 1: To support dynamic TDD, it should be allowed for DL and UL signals used for interference measurement sent by potential data transmission nodes (BS and UE) to be transmitted in the same time/frequency resources. 

Proposal 2: To support dynamic TDD, it should be allowed that DL/UL data transmission makes a pair with its corresponding DL/UL signal for interference measurement.  
Proposal 3: To support dynamic TDD, it should be allowed that the interference measurement signal is transmitted on the same RB(s) as corresponding data transmission. 

4 Further applications of the subframe structure

The subframe structure defined in Section 3 is applicable to sidelink and opportunistic spectrum access as well. When applied in sidelink, the DLCC channel enables Tx/Rx coordination between two corresponding devices (so that prevents Tx/Rx collision) and the TxCMC and RxCMC (as defined in Figure 1) allows autonomous resource acquisition by the handshake procedure. A master-slave structure can be defined in sidelink where one device takes the master role that coordinates Tx and Rx by DLCC. Multiple slaves can simultaneously communicate with the master device in FDM mode. 
For opportunistic spectrum access where secondary cells (e.g., small cells) opportunistically access the spectrum that is primarily assigned to a primary cell (e.g., macro cell), the defined subframe structure allows for 
1) the secondary cells to measure the primary cell’s usage on certain resource and decide whether to access the resource or not, and 
2) autonomous resource acquisition/coordination among secondary cells, in case multiple secondary cells try to access the primary cell resource 
Figure 10 provides one example on two secondary cells opportunistically accessing the spectrum assigned to the primary cell. The secondary cells measure the primary cell’s DLCMC and ULCMC to identify the primary cell’s usage on the spectrum. When the BS at a secondary cell detects low DL and UL signal strength from the primary cell, the secondary cell BS can schedule transmission for some UEs in the detected RBs by sending the DLCC. When the scheduled UE at the secondary cell also detected low DL and UL signal strength from the primary cell, the schedule UE can respond with ULCMC (in case UL). In case more than one secondary cells try to access the same resource of the primary cell, the DLCMC and the ULCMC channels allow to autonomously resolve interference and collision among the secondary cells.   
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Figure 10 Example on opportunistic spectrum access
5 Multiplexing of the different types of subframes
The subframe structure defined in Section 3 can be one type of the NR subframe structures. Different NR subframe structures can be multiplexed to fit in for the various application scenarios. Figure 11 shows one example where in some slots the cells coordinate TDD DL/UL configurations and therefore intra-slot interference measurement is not necessary.   
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Figure 11 Example on multiplexing different types of subframes
6 Conclusion 

In this contribution, we presented a subframe structure for NR dynamic TDD. Based on the discussion we draw the following observations and proposals:
Observation 1: To support dynamic TDD, especially when adjacent BSs are allocating different DL/UL directions on the same RBs, it is critical that the interference measured in the CSI calculation procedure should reflect the interference to be experienced by the corresponding DL/UL data transmissions. 

Proposal 1: To support dynamic TDD, it should be allowed for DL and UL signals used for interference measurement sent by potential data transmission nodes (BS and UE) to be transmitted in the same time/frequency resources. 

Proposal 2: To support dynamic TDD, it should be allowed that DL/UL data transmission makes a pair with its corresponding DL/UL signal for interference measurement.  

Proposal 3: To support dynamic TDD, it should be allowed that the interference measurement signal is transmitted on the same RB(s) as corresponding data transmission.
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