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1. Introduction

In RAN1 90bis, the following agreements regarding to the semi-static DL/UL assignment have been concluded. In this contribution, the remaining issues related to semi-static DL/UL assignment are discussed.
Agreements:

· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 

· For DL resources indication, the signaling include:

· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}

· For UL resource indication, the signaling include:

· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 

· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 

· The resource(s) in a period between DL and UL segments are unknown resources.

· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.

Agreements:

· For the UE-specific higher layer signalling on semi-static DL/UL assignment, 

· The signaling includes the indication as per slot basis, the signalling includes:

· Number of DL symbol(s) (y3) in the beginning of slot No.x3

· Values for x3 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y3 include {0,1,…,13,14}
· Number of UL symbol(s) (y4) in end of slot No.x4

· Values for x4 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y4 include {0,1,…,13,14}
· The resource(s) in a slot without DL/UL indication are unknown resource(s).

· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated.

· FFS At most single DL/UL switching point exists in a UL-DL switching periodicity. 
2. Discussion on remaining issues for semi-static DL/UL assignment
2.1 Remaining details on higher layer signalling for semi-static DL/UL assignment
Based on the previous agreement, the values of periodicities for the semi-static assignment of DL/UL transmission include 0.5ms, 1ms, 2ms, 5ms, 10ms. One most straightforward way is to signalling the values by higher layer signalling in units of milliseconds, which does not necessarily to be changed with the change of numerology. In addition, it is recommended to signal the periodicities for both the cell-specific and UE-specific signalling, i.e., separately introduce periodicity value signalling for cell-specific and UE-specific semi-static DL/UL assignment. The intention for two separate signallings is to allow in the future release, more flexible periodicity values separately designed for cell-specific and UE-specific signaling can be added. Nonetheless, since in this release, we do not see the necessity of different values for cell-specific and UE-specific signalling, the values of the two separate signallings that signalled by the gNB to the UE can be the same.
In addition to the periodicities, numerology that applied for the semi-static DL/UL assignment also needs to be signalled to the UE, so as to allow the UE to derive the total number of slots in each periodicity. Similar as the two separate signallings for periodicity for cell-specific and UE-specific semi-static DL/UL assignment, it is also recommended introduce two separate signalling for numerology for cell-specific and UE-specific semi-static DL/UL assignment.
Proposal 1: The DL/UL switching periodicity for the semi-static assignment is signalled in units of milliseconds, and introduce separate periodicity signalling IE for cell-specific and UE-specific semi-static DL/UL assignment.
Proposal 2: The numerology that applied for the DL/UL assignment is signalled to the UE, and introduce separate numerology signalling for cell-specific and UE-specific semi-static DL/UL assignment.
One aspect that have not been discussed yet is whether the cell-specific signalling is transmitted by RMSI or OSI. If it is transmitted in RMSI, the following benefits can be achieved: 
· The cell-specific DL/UL assignment information can help to assist measurement for both serving cell and neighboring cells, especially for RSSI and SINR measurement;
· More efficient RAR monitoring, i.e., during initial access procedure, UE only need to monitor RAR in DL slots given by cells-specific DL/UL configuration, so as to save UE power.
One concern of adding the signalling in RMSI is that the payload of RMSI is limited. In the following, the payload is roughly estimated and the total payload is around 27bits. It worthy note that such payload is the maximum value and the payload can be reduced by jointly considering the value indication for number of DL/UL slots and number of DL/UL symbols. If the payload of RMSI is allowed, the cell-specific signalling for DL/UL assignment can be transmitted in RMSI, otherwise, the signalling is transmitted in OSI.
Payload estimation for the cell-specific signalling:
· Periodicity: 3bits, to cover 0.5ms, 1ms, 1.25ms, 2ms, 5ms, 10ms; 

· Numerology: 2bits, to cover 15kHz, 30 kHz, 60 kHz, 120 kHz;

· Number of DL slots: considering maximum of 80 slots can be supported with 10ms periodicity and 120kHz SCS, then the payload of 7bits is enough;

· Number of UL slots: similar as DL slots, the payload of 7bits is enough.

· Number of DL symbols: 4bits.

· Number of UL symbols: 4bits.
Proposal 3: If the payload of RMSI is allowed, the cell-specific signalling for DL/UL assignment can be transmitted in RMSI, otherwise, the signalling is transmitted in OSI. 
2.2 Discussion on UE behaviours for semi-static DL/UL assignment
One FFS issue during the last RAN1 discussion is that, whether the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated. The controversial issues mainly lie on two aspects:

1)  Whether the UE needs to monitor PDCCH on unknown resources
If the network intends to tell UEs that some resources are unknown, then it is not reasonable to let UE monitor PDCCH on these resources unless otherwise indicated. One arguments for UE monitoring PDCCH on unknown resources is for low latency, i.e., if some resources are configured by RRC signalling or indicated by SFI as unknown, and if some low latency traffic arrives, it would help the UE to reduce latency if the UE can perform PDCCH on unknown resource. Another argument for UE monitoring PDCCH on unknown resources is for the case of SFI miss detection, i.e., if a SFI is transmitted to the UE but the UE missed the SFI, then the UE may miss the possible DL scheduling after the SFI, if the UE does not perform PDCCH monitoring on unknown resources. It is proposed that, the default behaviour of UE on unknown resources is not perform PDCCH monitoring. If for such particular use cases, it is necessary to allow UE monitoring PDCCH, some higher layer signalling needs to be introduced to indicate such UE behaviour.   
Proposal 4: The default behaviour of UE on unknown resources is not perform PDCCH monitoring. If for such particular use cases, it is necessary to allow UE monitoring PDCCH on unknown resources, some higher layer signalling needs to be introduced to indicate such UE behaviour.
2)  Whether the SSB can be transmitted and received on unknown resources
The SSB transmission is transmitted in periodicity of 20ms, and the transmission pattern in the 20ms are different for different numerology and different use cases. Based on the SSB pattern, one issues that raised during the RAN1#90bis is, for above-6GHz, how to achieve multiple SSB in a 20ms periodicity to be transmitted, while fast UL transmission is also supported by the semi-static DL/UL assignment. Considering the SSB transmission pattern that have agreed for above-6GHz, as illustrated in Fig. 1 and Fig. 2, one way to achieve such transmission by the cell-specific signalling is to support that the SSB may be transmitted on the “unknown” resources. One example is shown in Fig. 3. In a periodicity of 1.25ms, by cell-specific DL/UL assignment signalling, a small portion of resources are assigned as DL and UL at the beginning and ending part of the periodicity. If the DL part can not cover the maximum number of SSB, while the gNB still need to transmit the maximum number of SSB (e.g., for enhancing the DL coverage), the SSB can be transmitted in unknown slots. The SS blocks, if transmitted, are detected by UE or indicated to UE by “indication of actual transmitted SS blocks” from RMSI. 
Proposal 5: SSB may be transmitted on the “unknown” resources, to enable multiple SSB opportunities. The SS blocks, if transmitted, are detected by UE or indicated to UE by “indication of actual transmitted SS blocks” from RMSI.
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Fig. 1 SSB transmission pattern in a 5ms duration for above-6GHz
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Fig. 2 SSB transmission pattern in a slot
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 Fig. 3 Semi-static DL/UL transmission with SSBs transmitted in unknown resources
3. Conclusions 
In this contribution, the remaining details for semi-static DL-UL assignment is discussed, and the following proposals are made:

Proposal 1: The DL/UL switching periodicity for the semi-static assignment is signalled in units of milliseconds, and introduce separate periodicity signalling IE for cell-specific and UE-specific semi-static DL/UL assignment.
Proposal 2: The numerology that applied for the DL/UL assignment is signalled to the UE, and introduce separate numerology signalling for cell-specific and UE-specific semi-static DL/UL assignment.
Proposal 3: If the payload of RMSI is allowed, the cell-specific signalling for DL/UL assignment can be transmitted in RMSI, otherwise, the signalling is transmitted in OSI. 
Proposal 4: The default behaviour of UE on unknown resources is not perform PDCCH monitoring. If for such particular use cases, it is necessary to allow UE monitoring PDCCH on unknown resources, some higher layer signalling needs to be introduced to indicate such UE behaviour.
Proposal 5: SSB may be transmitted on the “unknown” resources, to enable multiple SSB opportunities. The SS blocks, if transmitted, are detected by UE or indicated to UE by “indication of actual transmitted SS blocks” from RMSI.
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