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1. Introduction

In the previous RAN1 meetings, the following agreements for group-common PDCCH have been made:

RAN1 NR AH Jan [1]:
Agreements:
· NR supports a group common PDCCH carrying at least slot format related information. 
· ‘Slot format related information’

· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively

· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc

RAN1 #89[2]:

Agreements:
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots
· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots
· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts
· FFS: details for UE behaviour
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
Agreements:
· In ‘Slot format related information’, ‘other’ is at least:

· ‘Unknown’

· UE shall not assume anything for the symbol with ‘Unknown’ by this information

· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration

· FFS: ‘Empty’

· UEs can use this resource for interference measurement

· UE may assume there is no transmission
In this contribution, we will further discuss UE behaviour in case of a conflict on the indicated slot/symbol format received from SFI in group-common PDCCH and Semi-Persistent Scheduling (SPS) DCI. In addition, we will discuss the possible enhancements on scheduling of SPS. 
2. Discussion on UE behaviour related to conflict on SPS scheduling and dynamic scheduling
In order to save L1 control resource overhead for some periodic and predictable traffic (i.e., VoLTE), LTE enables semi-persistent scheduling (SPS) scheme. SPS operates in a two-stage manner, i.e., the periodicity of the resource in time domain is configured via RRC signaling, while the activation and deactivation of SPS, as well as resource in frequency domain and other transmitting parameters such as MCS are configured via DCI. Therefore, the resources for SPS are assigned to UE periodically and the UE can use the assigned resources to transmit and receive data once activated by SPS C-RNTI scrambled DCI and after the activation, L1 signaling is no more required. The SPS scheduling scheme is very suitable for periodic and predictable traffic with less tight latency requirement such as VoLTE and it can save control resources significantly. 
However, in a scenario where latency-tight traffic (i.e. URLLC) is deployed, the URLLC traffic or urgent eMBB traffic may be scheduled on the same resources with the SPS data by dynamic signaling, while with different transmission directions. In this scenario, there will possibly be conflicts on the transmission direction of slot/symbol received from SFI in group-common PDCCH and SPS DCI. Considering the latency requirements of different traffic and to prioritize the URLLC traffic or urgent eMBB traffic, SFI in group-common PDCCH can be applied to allow the urgent traffic to takes precedence in case of a confliction of transmission direction. 
Proposal 1: SFI in group-common PDCCH should take precedence on transmitting resources in case of a conflict on the indicated slot/symbol format received from SFI in group-common PDCCH and SPS DCI.
3. Discussion on possible enhancements on scheduling of SPS
In LTE, UE is always monitoring PDCCH for dynamic scheduling and the SPS activated subframe is no exception. In case that the SPS activated subframe is overridden by PDCCH for dynamic scheduling, UE/eNodeB will send an NACK to eNodeB/UE and the corresponding retransmissions would be scheduled. However, this will cause extra delay for SPS data transmission such that the latency requirement for SPS traffic (i.e. VoLTE) may not be guaranteed.
Therefore, some enhancements need to be done to improve the latency performance of SPS traffic. Specifically, we propose that the SPS data can be scheduled in a transmission time window consisting of several transmission units (the transmission units can be a slot/mini-slot/symbol…) which is configured by RRC signaling. That is, once UE receives a SPS C-RNTI scrambled DCI, a transmission time window is activated periodically for SPS data transmission or reception rather than a specific transmission unit. For details, UE behavior is analyzed as follows:
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 Figure 1: SPS transmission time window
UE monitors group-common PDCCH and UE specific DCI for slot format related information and scheduling information. As shown in Fig.1, in every SPS period, which is configured by RRC signaling, a transmission time window is activated. Therefore, the periodicity of the transmission time window T2 should be equal with the SPS periodicity T1. UE will determine the transmission direction and the scheduling data of each transmission unit in the configured transmission time window one by one:

- In condition that the slot/symbol format of the SPS scheduling transmission unit is consistent with SFI in group common PDCCH and there is no dynamic scheduling data by UE specific DCI, the transmission unit in the transmission time window can be used for SPS data scheduling. Therefore, SPS data will be actually transmitted in the earliest transmission unit that does not conflict with group common DCI until there is no data left. 
If SPS data can not be scheduled in any transmission unit in the configured transmission time window, retransmission procedure like LTE can be executed. Alternatively, it can be configured that the last transmission unit in the transmission time window is always available for SPS data and can not be overridden by group-common PDCCH and UE specific DCI for dynamic scheduling. An example of the enhanced scheduling for SPS is given as Fig.2.
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Figure 2: Enhanced scheduling for SPS
Proposal 2: It is suggested that SPS data can be transmitted in time unit that are available in a transmission time window consisting of several transmission units. SPS data is actually transmitted in the earliest transmission unit that does not conflict with group common DCI. Transmission time window can be configured by RRC signalling and activated by SPS C-RNTI scrambled DCI similar to LTE SPS procedure.
Furthermore, we also discuss the detailed configuration for the transmission time window. The RRC configuration can include the periodicity, location as well as the granularity of the transmission time window. In details:
- Periodicity: the periodicity of the transmission time window can be equal with the SPS periodicity, that is T1=T2 in Fig.1;
- Location: the location of the transmission time window can be indicated by one of the following opinions: {the starting position + window length}, {the starting position + the ending position}, {the ending position + window length};

- Granularity: the granularity of the transmission time window can be equal to the SPS scheduling granularity such as slot/mini-slot/symbol.
Proposal 3: The RRC configuration of transmission time window for SPS scheduling can include the periodicity, location as well as the granularity information.
4.  Conclusions 
In this contribution, UE behaviour related to conflict on symbol/slot format as well as SPS enhancements are discussed, and the following proposals are made:
Proposal 1: SFI in group-common PDCCH should take precedence on transmitting resources in case of a conflict on the indicated slot/symbol format received from SFI in group-common PDCCH and SPS DCI.
Proposal 2: It is suggested that SPS data can be transmitted in time unit that are available in a transmission time window consisting of several transmission units. SPS data is transmitted in the earliest transmission unit that does not conflict with group common DCI. Transmission time window can be configured by RRC signalling and activated by SPS C-RNTI scrambled DCI similar to LTE SPS procedure.
Proposal 3: The RRC configuration of transmission time window for SPS scheduling can include the periodicity, location as well as the granularity information.
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