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1 Introduction
In the previous #85 meeting, RAN1 agreed to a list of statements for requirements of the NR frame structure [1]. In short, RAN1 will strive for studying the unified frame structure in terms of duplexing, a detailed study for a time interval x, timing relation between control and data, timing relation of HARQ-ACK. Moreover, RAN1 will study and evaluate the time domain structure for NR which is similar to LTE special subframe. In this contribution, we present our view on NR frame structures.
2 Discussion
2.1 Time interval x
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]It is generally said that a NR supports unified subframe structure regardless of vertical services. However using the limited radio resource, there is a trade-off of supporting both efficient eMBB and effective URLLC. For example, in the case of unpaired spectrum (TDD), the period of guard can be considered. Although a NR carrier does not assign data during guard and loses throughput, URLLC traffic can require frequent guard. The period of control channel in downlink assignments can be the least for eMBB, but should be the most frequent for URLLC. The long period of control channel for uplink grants can delay URLLC uplink traffic, while eMBB uplink traffic can handle delays by using long codeword(s). For the case of downlink control overhead, similar arguments can be applied. The URLLC traffic requires frequent control channels, but the eMBB traffic can support high throughput using less frequent control channels that assigns long codewords. Thus, it is a good tradeoff if each time interval x has all downlink, guard, and uplink symbols. If URLLC traffic is not configured, then the time interval x may not need both downlink and uplink, and can reuse the LTE subframe type, i.e., uplink subframe and downlink subframe.
Observation: It is beneficial if a time interval x includes downlink and uplink when the URLLC traffic is configured.
To support URLLC traffic where a time interval x can include downlink, guard, and uplink, it is beneficial to reduce the length of guard to increase eMBB throughput. In general, the guard length should be greater than the downlink propagation time plus the uplink propagation time because a half-duplex UE could receive the downlink data and transmit the uplink data in the same time interval x. The number of guard symbols determines the coverage. If we reduce the length of guard, then the NR cell should reduce the maximum allowable TA for UEs in coverage. 
Observation: The guard overhead should be minimized.
Thus, a NR cell can allocate guard symbols with the minimum number as possible to reduce the guard overhead. In this aspect, the allowable propagation delay can be limited to confine in cell-specific guard symbols. It is unavoidable if a NR cell schedules downlink data within all valid downlink symbols of a time interval x, or grants uplink data within all valid uplink symbols of a time interval x. Instead, a NR cell may configure to UEs short period of downlink time in a time interval (DL sTTI) and short period of uplink time in a time interval (UL sTTI). A UE can assume the guard length of at least guard symbols, if necessary, adding the time interval that are between assigned DL sTTI and granted UL sTTI. In other words, a UE can assume UE-specific guard interval that is longer than guard symbols in the time interval x. The advantage of this approach is to relieve the TA limitation by reducing the TTI length. If an edge UE is configured to URLLC traffic, then the serving NR cell can support the UE but with the reduced TTI.
Observation: Minimum number of guard symbols in a time interval x can reduce the guard overhead while keeping the maximum TA value.
The location of symbols within a time interval x will determine the time domain structure. The symbol indices for guard within a time interval x will depend on the traffic variation. The signalling scheme can be dynamic or semi-static. In the case of dynamic signalling, few bits indicating the structure (i.e., guard symbol indices) can be encoded and mapped in the same time interval x, and easily adapt to the traffic variation of both URLLC and eMBB. However, we have to consider the overhead of indicating those few bits. Since those bits are for cell-specific, a NR cell should encode strongly and use resources that have frequency diversity. In the case of semi-static signalling, it may not have an overhead issue, and could have slower time scale to traffic adaptations. It implies that a NR cell should set the structure of a time interval x in terms of average traffic statistics, which sometimes loses efficiency due to possible abrupt and asymmetric uplink-downlink traffic.
Observation: The signalling for the structure of a time interval x needs further study.
2.2 Signalling for timing relations
It is agreed that the timing relationship between scheduling and data transmission, and between data transmission and HARQ can be configurable. The remaining issue is how to indicate those timing relation. In the LTE advanced, LTE FDD fixes the timing relations. LTE TDD configures the timing relations indirectly by UL-DL subframe configurations. Each UL-DL subframe pattern has one fixed timing relations. It is generally said that the fixed timing relationship loses forward compatibility, and the NR can allow configurability of the timing relationship.
The signalling can have different time scale such as semi-static or dynamic. If dynamic signalling defines the timing relations and no semi-static signalling is used, then the signalling overhead can be significant. If semi-static signalling defines the time relation and no dynamic signalling is used, then the NR system keeps forward compatibility. For UEs configured to both eMBB and URLLC traffic, the timing relation should support URLLC traffic, which is not optimized to eMBB traffic. Thus, the NR system should configure the default timing relation for eMBB traffic and can dynamically signal the timing relation for URLLC traffic. When we consider the appropriate timing relationship for URLLC traffic, a single value may be sufficient to allow self-contained operations, i.e., between the downlink data assignment and the acknowledgement of downlink data in the same time interval x, and/or between the uplink grant and the uplink data transmission. 
Proposal: Both semi-static and dynamic signalling can be used to indicate the timing relationship.
3 Conclusion
In this contribution, we observe and propose the followings.
Observation: 
· It is beneficial if a time interval x includes downlink and uplink when the URLLC traffic is configured.
· The guard overhead should be minimized. 
· Minimum number of guard symbols in a time interval x can reduce the guard overhead while keeping the maximum TA value.
· The signalling for the structure of a time interval x needs further study.
Proposal: 
· Both semi-static and dynamic signalling can be used to indicate the timing relationship.
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