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1 Introduction
It has been agreed in the RAN1 NR Adhoc meeting that NR supports the group common PDCCH and the group common PDCCH contains the slot format information [1]. In addition to the slot format related information (SFI) in the group common PDCCH, the PDCCH also carries the duration of the data transmission as agreed in the previous RAN1 #88bis meeting [2].
	Agreements: (RAN1 Adhoc1)
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 
· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.
· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not
· Common does not necessarily imply common per cell.
· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.
Agreements: (RAN1 Adhoc1)
· ‘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
· FFS: ‘Control resource set duration’
· FFS: Indicates the duration of the control resource set(s) 
· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.
Agreements: (RAN1 #88bis)
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown


In this contribution, we discuss UE procedures in case that the slot format related information in the group common PDCCH is missed. Also, we consider the case that the slot format related information in the group common PDCCH and the duration of a data transmission in the UE-specific PDCCH collide. 

2 Default Slot Format 
In order to support flexible and dynamic adaptation of DL/UL traffic in a cell, it was agreed that the slot format information can be embedded in a ‘group common PDCCH.’ Although the group common PDCCH should be designed to decode multiple UEs with sufficiently high reliability, the network cannot guarantee that the UE always decodes group common PDCCH successfully. Therefore, it is necessary for the UE to operate a fallback operation without a slot format indication in a group common PDCCH. In our view, for the fallback operation, NR should define a default slot format with the following use cases:
1) Since it was agreed that, through RRC signaling, the network will inform the UE whether to decode the ‘group common PDCCH’ or not, some of UEs would operate only with the default slot format without the common PDCCH reception.
2) The common PDCCH is not transmitted when the currently selected slot format is the same as the default slot format for the purpose of reducing physical resource overhead for the common PDCCH.
The possible default slot format may be cell-specific and depend on the average DL/UL traffic in a cell. For example, the downlink traffic is highly-loaded in a cell, the default slot format can be the combination of M DL-centric slot and N UL-centric slot for M>N. The other way, the uplink traffic is highly-loaded in a cell, the gNB can configure M<N. Also, the default slot format can be configured via higher layer signaling. 
· Proposal 1: In order to support a fallback operation, NR should support the default slot format. 

In addition to the default slot format for a fallback operation, the network should also define the possible slot format for dynamic DL/UL configuration. By assuming 7-symbol slot and at most one symbol gap, there are 8 candidate slot formats as shown in Fig. 1, one DL-only slot, one UL-only slot, and six DL/UL-combination slot, If the network only supports these 8 slot formats, 3-bit slot format indicator should be embedded in the group common PDCCH. Note that in order to indicate blank/reserved resources, the group common PDCCH may contain more bits for slot format indication. 
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Fig 1. Possible slot formats including DL/UL-only and DL/UL centric slots
3 Fallback Operation for Scheduled UE
Consider the case that the UE fails to decode the group common PDCCH. There are two ambiguities:
1) The gNB does not transmit the group common PDCCH. In other words, the current configured slot format is the same as the default slot format. 
2) The gNB transmits the group common PDCCH with the slot format indicator, but the UE fails to decode it successfully.
In the first case, the UE can transmit or receive the previously scheduled signals (periodic CSI-RS, SRS, PUCCH transmission) and/or the currently scheduled signals (PDSCH, PUSCH), but in the second case, the UE cannot guarantee the DL/UL transmission and reception at the slot. 
It was agreed that the UE should be able to receive at least PDCCH in a slot if the UE does not receive the ‘group common PDCCH.’ In other words, the UE miss-detecting the group common PDCCH can decode own PDCCH and thus can know the DCI including downlink scheduling information or uplink scheduling grant information. A major problem is that even though they can obtain such a scheduling information, they do not know the slot format (i.e., DL/UL/GP configuration) after control resource set. One approach is that the scheduled UE cannot perform the operation indicated in the DCI and drops the DCI. As mentioned, if the current configured slot format is the same as the default slot format, this approach results in resource under-utilization (i.e., the UE can transmit or receive a signal on the DCI-indicated resource) Another approach is that the scheduled UE perform the operation indicated in the DCI with assuming the default slot format. Unfortunately, in the case that the slot format is newly configured, this approach makes a wrong transmission and reception. For example, in case that the default slot format is format 0 and the currently configured slot format is format 2 (Fig. 2(a)), the DL-scheduled UE would regard the last two non-DL symbols as the DL symbol so that the soft-buffer is corrupted. Similarly as in the soft-buffer corruption by the URLLC preemption, the wrong reception makes low performance and is also marginally improved by a HARQ process. In case that the default slot format is format 5 and the currently configured slot format is format 4 (Fig. 2(b)), the UL-scheduled UE would regard the 4th GP symbol as the UL symbol and thus the UE starts to transmit from the 4th symbol. This wrong UL transmission may interfere the DL-scheduled UEs. Hence, NR should support a fallback operation for the scheduled UE to transmit or receive the data signal when the group common PDCCH is not decoded. 
· Observation 1: In the case that the group common PDCCH is not decoded, if the scheduled UE does not transmit or receive a data signal, the resource efficiency is low and if the scheduled UE transmits or receives a data signal with assuming the default slot format, the wrong transmission/reception occurs.
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Fig 2. Ambiguity when the group common PDCCH is missed

[bookmark: _GoBack]One possible option to address the wrong transmission/reception is to inform the scheduled UE of the slot format by duplicating the slot format indicator in UE-specific DCI. Whenever the UE successfully decodes the PDCCH, it can explicitly know the current configured slot format so that it can transmit/receive the data signal without ambiguity. Also, it can provide a way to operate the UE without receiving the group common PDCCH. However, since some of bits for the slot format indication (e.g., 3-bit in DL/UL scheduling DCI) is always reserved, control overhead is inevitable. Furthermore, the group common PDCCH is successfully decoded, these bits are wasteful.
Rather than informing all slot format information in UE-spcific DCI, assuming the default slot format is configured, the gNB informs a 1-bit slot format indicator informing whether or not the UE can transmit/receive the data signal when the group common PDCCH is not detected. Depending on the default slot format and the current configured slot format, gNB can indicate UE-specific operations. If gNB allows an uplink scheduled UE transmits PUSCH on the UL resource in the default slot format and/or a downlink scheduled UE receives PDSCH on the DL resource in the default slot format, resource utilization would be improved. Otherwise, if transmission/reception are not allowed, unwanted interference due to wrong UL transmissions and soft-buffer corruption due to wrong DL reception can be blocked.
In case that the default slot format is format 5 and the currently configured slot format is format 4 (Fig. 2(b)), the DL-scheduled UE can receive the 2nd DL symbol. It may fail to decode correctly due to not receiving the 3rd DL symbol but it is beneficial to combine the next HARQ process. in case that the default slot format is format 4 and the currently configured slot format is format 5, the UL-scheduled UE can transmit the last 3 symbols and the gNB can successfully decode this data signal. This 1-bit slot format indicator is clearly beneficial for removing ambiguity while keeping additional DCI overhead as small as possible.

Another possible option is to use different RNTIs for indicating slot format. In LTE, PDCCH including DL/UL scheduling information is scrambled by a C-RNTI. The gNB can allocate multiple C-RNTIs rather than one C-RNTI and the PDCCH is scrambled by one of C-RNTIs. The scrambled C-RNTI can be selected from the current configured slot format. Once decoding the group common PDCCH successfully, the UE can know which the C-RNTI is used. If the UE fails to decode the group common PDCCH successfully, the UE blindly decodes the PDCCH with all possible C-RNTI and thus it can find the correct C-RNTI and extract the related slot format information. Advantage of this approach is that there is not additional DCI overhead, but it results in additional blind decoding effort and reduces the CRC protection capability when the group common PDCCH is missed.
· Proposal 2: NR should support a fallback operation for the scheduled UE to transmit or receive the data signal when the group common PDCCH is not decoded.
· 1-bit explicit slot format indication in DCI and implicit RNTI indication are candidates

4 Slot Format Related Information Collision
It is agreed in the last RAN1 #88bis meeting, the duration of a data transmission such as NR-PDSCH or NR-PUSCH can be informed in the UE-specific PDCCH scheduling that data transmission. There is a case that the duration of a data transmission violates slot format. For example, it is the case that the slot format is UL-dominant (i.e., 1 DL symbol, 1 GP, 5UL symbols) but the duration of NR-PDSCH is 4 OFDM symbols. In order to resolve this issue, we should discuss on the priority of SFIs when multiple SFIs for a slot are available. 
- PDCCH scheduling the data transmission in the same slot 
 For a slot, a UE can receive SFI conveyed by group common PDCCH and also SFI transmitted on UE-specific PDCCH scheduling the same slot. In general, the UE may expect two SFIs are same. If two SFIs are different, it is preferred that UE follows the UE-specific PDCCH with ignoring SFI on group common PDCCH. 
- PDCCH scheduling the data transmission in the next slot 
NR can support cross-slot scheduling and slot aggregation. In this case, new SFI can be conveyed by the group common PDCCH before transmitting or receiving the data channel which has been already scheduled. It is not preferred that UE always follows the UE-specific PDCCH. Instead, according to the SFI on group common PDCCH, UE decides whether or not the scheduled data transmission or reception would be performed. In other words, the most recent received SFI has the higher priority. 
· Proposal 3: The most recent SFI received by group common PDCCH or UE-specific DCI can override the previously received SFI.

5 Conclusion
In this contribution, we discussed the impact of miss-detection of the group common PDCCH on the scheduled UE. Our views are summarized as follows:
· Observation 1: In the case that the group common PDCCH is not decoded, if the scheduled UE does not transmit or receive a data signal, the resource efficiency is low and if the scheduled UE transmits or receives a data signal with assuming the default slot format, the wrong transmission/reception occurs.
· Proposal 1: In order to support a fallback operation, NR should support the default slot format. 
· Proposal 2: NR should support a fallback operation for the scheduled UE to transmit or receive the data signal when the group common PDCCH is not decoded.
· 1-bit explicit slot format indication in DCI and implicit RNTI indication are candidates
· Proposal 3: The most recent SFI received by group common PDCCH or UE-specific DCI can override the previously received SFI.
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