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1 Introduction
In the last #87 meeting, WF on L1 broadcast control channel is noted [1]. In this contribution, we discuss the need of indicating a slot type and possible periodicity of the indication if introduced.
2 Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the case of dynamic TDD, each slot may independently change its slot among possible candidate types, which are DL slot, UL slot, DL-centric slot, UL-centric slot. We think that it is beneficial to recognize the slot type at least for following three cases.
The first case is for the CQI derivation. In the TDD deployment, a serving gNB and a neighbouring gNB may have different slot type. Suppose that a UE is configured to perform the CQI report with periodic CQI-RS. The UE is expect the periodic CQI-RS transmission, and the serving gNB is responsible to set DL(-centric) slot periodically. The UE receives the CQI-RS to estimate the channel and monitors interferences from the CQI-IM resource. It is consistent that CQI-RS and CQI-IM are configured in the same slot. In order to derive a valid CQI report, the CQI-IM resource does not coincide the UL transmission. However, the neighbouring gNB has an independent scheduler, and the UE is required to distinguish whether CQI-IM resource captures DL interference or UL interference. By detecting the slot type of the neighbouring gNB, the UE should derive at least two CQI reports depending on the CQI reference assumption. Recall that LTE supports this feature; in the LTE eICIC scenario, the normal subframe and the almost blank subframe have different CSI subframe set because each set has different interference level.
In the case of CQI report with aperiodic CQI-RS, UE does not need to classify the interference type, i.e., UE assumes that CQI-IM resources capture DL interference. The serving gNB can determine the validity of the reported CQI report.
[bookmark: _Ref471734990]Observation 1: It is beneficial to monitor slot types of neighbouring gNB to derive the valid CQI report.
The second case is to monitor URLLC DL control channel. To meet the latency requirement, UEs configured to URLLC are required to monitor all valid DL control resources. Unlike the case of FDD and TDD where the serving gNB can configure UE-specific DL control channel resource with no ambiguity, in the case of dynamic TDD, the DL control channel resource region as well as DL data channel resource region can vary for each slot. This cell-specific dynamic adaptation is beneficial to deal with the dynamic variation of traffic intensity. It is desirable to vary the DL resource region to reduce the UL latency of UL URLLC data. 
If a UL URLLC traffic is arrived at UE, then UE would request UL scheduling or transmit without grants (whose details depends on RAN1 future decision). The UL latency counts while UE should wait for the fastest UL transmission opportunity. Thus, the serving gNB can minimize the DL resource in the next slot. However, it is not beneficial to set UL-centric slot because possibly DL URLLC may be arrived in the next slot and UL-centric slot will increase DL latency as much as a slot length. Thus, it is recommended to set DL-centric type that has smaller (not minimum) DL resources and larger UL resources in order to have less UL latency and possibly less DL latency. 
[bookmark: _Ref471735000]Observation 2: To reduce the latency for URLLC, a single slot should have both DL and UL resources.
From above reasoning, we propose that a DL-centric slot should have multiple configurations that have different DL resource boundaries. Therefore, the number of bits to indicate the slot type should be multiple bits. It is also noted that slot type indication can reduce battery consumption for URLLC configured UEs. Without this information, it is required for UEs to monitor all configured short DL control channel occasions, whereas with this information, UEs can realize the valid short DL control channel occasion within the configured short DL control channel. It would reduce the number of blind decoding for URLLC DL control channel.
[bookmark: _Ref471735006]Observation 3: It is beneficial to have multiple bits for slot type indication.
The third case is for RRM measurements. Just as LTE system allows idle UEs to measure RSRQ, it is possible to let idle UEs to measure RSRQ-like metric in the NR. If introduced, it can support inter-RAT handover based on RSRQ, which will be a function of RSRP-like metric and RSSI-like metric. The RSRP-like metric is clear to define but the RSSI-like metric can be arguable in the dynamic TDD. 
In the case of dynamic TDD, each slot has a variable length of the DL region. Mini-slot allocation is configured when URLLC is configured. DL URLLC and UL URLLC can be scheduled any possible mini-slot(s) via (short) DL control channel. The RSSI-like metric should capture DL resources only, but the slot type varies over each slot that has RRS resources. UEs configured to monitor short DL control channel can estimate the DL resource boundary, but other UEs such as eMBB UEs or idle UEs may not have ways to obtain a certain DL resource. Thus, we can define RSSI-like metric relies only on the fixed DL resources, however it is required to relax the RSRQ-like measurement accuracy requirements. It is because the dynamic TDD would minimize the length of fixed DL resources to avoid the duplex ambiguity and the measurement accuracy depends on the observed amount of fixed DL resources. Furthermore, the number of carriers become larger in NR than in LTE, and the monitoring should be fast enough. In addition to idle UEs, connected UEs configured to the measurement gap would also require a fast measurement RSSI-like metric. One of approach is to exploit the DL data region as much as possible for measuring RSSI-like metric. The serving gNB can broadcast the slot type at least when RRM RS resource is transmitted. 
[bookmark: _Ref471735010]Observation 4: It is beneficial for both idle and connected UEs to monitor slot types of a gNB to accelerate deriving the RSRQ-like metric.
Based on above observations, we can derive the transmission resources of PSTICH. From CQI use case and URLLC scenario, the periodicity should be one slot length (y). For RRM measurements, the RRM RS subframe should include PSTICH. Thus, the PSTICH is transmitted at every slot. For RRM measurements, even idle UEs should be able to decode the PSTICH, which means that the slot type information is cell-specific but the blind decoding of DL control resources is not involved. In other words, an independent PSTICH is transmitted for idle UEs.
[bookmark: _Ref471735037]Proposal 1: PSTICH is transmitted cell-specifically at every slot.
[bookmark: _Ref471735046]Proposal 2: PSTICH can indicate one of multiple configurations among DL-centric slot type.
The transmission bandwidth of PSTICH can be large to achieve the frequency diversity, but forward compatibility and to reduce the UE battery consumption, narrower bandwidth of PSTICH is desirable. It needs study to determine the appropriate bandwidth.
3 Conclusion
In this contribution, we observe the followings:
Observation 1: It is beneficial to monitor slot types of neighbouring gNB to derive the valid CQI report.
Observation 2: To reduce the latency for URLLC, a single slot should have both DL and UL resources.
Observation 3: It is beneficial to have multiple bits for slot type indication.
Observation 4: It is beneficial for both idle and connected UEs to monitor slot types of a gNB to accelerate deriving the RSRQ-like metric.
[bookmark: _GoBack]Based on those observations, we made the following proposals:
Proposal 1: PSTICH is transmitted cell-specifically at every slot.
Proposal 2: PSTICH can indicate one of multiple configurations among DL-centric slot type.
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