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1. Introduction
At the RAN1 NR AH#3 meeting, the following agreements were achieved for group-common PDCCH [1]:
	Agreements at RAN1 NR AH#3 meeting:
· Regarding dynamic SFI content definition
· The SFI carries an index to a table that is UE-specifically configured via RRC 
· FFS how to manage the table for future proof
· FFS how to define entries in the table
· FFS whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots)
· Confirm the following WA 
· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH
· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.
· ‘Reserved’ is signalled at least by RRC
· FFS: handling of ‘gap’
· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.
· For semi-static DL/UL assignment 
· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration
· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration


In this contribution, we discuss remaining issues related to group-common PDCCH. Firstly, we show our view on the structure of group common PDCCH. Then we discuss how to define the SFI content including semi-static SFI and dynamic SFI. Note that in this paper, the semi-static SFI means the slot format configured by semi-static signaling and dynamic SFI denotes the slot format indicated by group-common PDCCH. Besides, the SFI indication for multiple bandwidth parts/numerologies and CCs is also discussed. After that, the UE behavior related to SFI is discussed. This contribution is revised from R1-1716096.
2. Discussion
2.1. Structure of group common PDCCH
Regarding to the structure of group common PDCCH, one remaining issue is the encoding scheme of group common PDCCH. At the RAN1 NR AH#3 meeting, the encoding for group common PDCCH was discussed but no consensus is achieved. In general, the following two options can be considered:
· Option 1: Always add CRC and use Polar code like a normal PDCCH
· Option 2: Configurable payload size and CRC or coding scheme depends on the configured payload size
· If payload size is small (<= 11 bits), no CRC, using RM
· If payload size is larger (>11 bits), add CRC, using Polar
· Note the gNB can zero pad or combine with other fields to reach a gNB selected payload size
One main factor that may impact the encoding scheme of group common PDCCH is the payload size. In our view, group-common PDCCH should be useful not only for dynamic SFI indication but also for other purposes where group-common L1 signalling is useful, at least in future releases. Therefore, the payload of a group-common PDCCH should not be a few bits; it should be more than 11 bits. The bits in the group-common PDCCH other than SFI field can be kept reserved for Rel.15, but for Rel.16 or later, additional fields can be defined for this group-common PDCCH using the reserved bits. 
One the other hand, if the CRC and coding scheme depends on the configured payload size, then at least two decoders are required at the UE side which will increase the complexity of device. Besides, if no CRC is added, the false alarm probability cannot be guaranteed which will impact the group common PDCCH performance and UE behavior when group common PDCCH is not detected as discussed in section 2.5.2.
Based on the above discussion, we have the following proposal:
Proposal 1:
· Group common PDCCH is designed with CRC attachment and polar coding.
· CRC attachment and polar coding procedure are exactly same as for regular PDCCH.

2.2. Semi-static SFI and dynamic SFI
2.2.1 Dynamic SFI content
Regarding to the dynamic SFI content definition, it was agreed that the SFI carries an index to a table that is UE-specifically configured via RRC in the last meeting. However, whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots) is FFS. In our view, joint management of slot based SFI and multiple-slot SFI is preferred that the SFI monitoring periodicity can be configured by higher layer signaling and based on the configured monitoring periodicity, the time duration that dynamic SFI is effective can be derived. 

Proposal 2: 
· NR support joint management of slot based SFI and multiple-slot based SFI:
· The SFI monitoring periodicity is configured by higher layer signaling.
· The time duration that SFI is effective is derived based on the monitoring periodicity.
2.2.2 Slot format configurations
Another thing to be considered is how to define the entries in the table. Regarding the slot format configurations, it has been agreed to strive for unified design regardless of whether the DL/UL resource partition is dynamic or semi-static. Therefore, common slot format configurations can be defined for both semi-static SFI and dynamic SFI.
Basically, at least support of some typical slot formats should be ensured. For the purpose of NR and LTE alignment (different carriers but no/less guard-band), 5ms and 10ms switching periodicities should be supported. For example, as shown in Fig.1, the UL-DL direction aligned with LTE TDD configuration #1 and #2 with 5ms switching periodicity should be configurable for NR. Besides, for 10ms switching periodicity, the UL-DL assignment aligned with LTE TDD configuration #5 should be configurable. Those should be applicable to SCS = 15kHz and 30kHz.
Further shorter switching periodicities are useful to achieve shorter HARQ RTT. Therefore, NR also supports shorter switching periodicities such as 0.5ms, 1ms, and 2ms. For example, 1ms switching periodicity corresponds to switching per N slot(s) for SCS = 15kHz, 30kHz, 60kHz, and 120kHz, where N = 1, 2, 4, and 8, respectively.
In addition to those, it is also necessary to support DL-only and UL-only. Those can be realized by setting UL-DL switching periodicity to be infinite. In summary, NR should support following UL-DL switching periodicities for different SCSs.

	UL-DL switching periodicity
	Numerology

	
	SCS = 15kHz
	SCS = 30kHz
	SCS = 60kHz
	SCS = 120kHz

	Infinite
(DL or UL only)
	Yes
	Yes
	Yes
	Yes

	10ms
	Yes
	Yes
	No
	No

	5ms
	Yes
	Yes
	No
	No

	2ms
	Yes
	Yes
	Yes
	Yes

	1ms
	Yes
	Yes
	Yes
	Yes

	0.5ms
	No
	Yes
	Yes
	Yes
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a) Examples of SFI aligned with LTE TDD UL/DL configuration #1
 [image: ]
b) Examples of SFI aligned with LTE TDD UL/DL configuration #2
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c) Examples of SFI aligned with LTE TDD UL/DL configuration #5

Fig.1 Examples for SFI configurations
For UL-DL switching, different DL-centric and UL-centric slot should be supported for different deployment scenarios. For example, different cell coverage requires different guard period. For discussion, we consider 15kHz and 30kHz SCSs for below 6GHz and maximum cell range 100km same as LTE is assumed. While 60kHz and 120kHz SCSs are considered for above 6GHz and the maximum cell range 10km is assumed. Under this assumption, the required number of symbols for guard period for different SCSs can be calculated as given in table 1 where the transient period in [2] is assumed.
Table 1. The required guard period for different SCSs
	
	Numerology

	
	SCS = 15kHz 
	SCS = 30kHz
	SCS = 60kHz
	SCS = 120kHz

	Slot duration [ms]
	1
	0.5
	0.25
	0.125

	Symbol duration [us]
	71
	36
	18
	9

	Cell range [km]/Propagation latency[us]
	100/667
	100/667
	10/66.7
	10/66.7

	Transient period [us]
	10
	10
	5
	5

	Guard period [us]
	677
	677
	83.35
	83.35

	Maximum number of OFDM symbols for GP
	10
	19
	5
	10


Based on the analysis in table 1, we can see that the maximum number of OFDM symbols for gaps is smaller than 14 for 15kHz, 60kHz and 120kHz SCSs under the above assumptions. Therefore, when defining the slot formats, the maximum number of symbols for gaps in table 1 should be considered.
Proposal 3:
· Both semi-static SFI and dynamic SFI can achieve at least the following:
· For SCS = 15kHz and 30kHz, switching periodicities of 5ms and 10ms are supported.
·  UL-DL assignment aligned with LTE TDD UL/DL configuration #1, #2 and #5 with any special subframe configurations should be available; 
· For all SCSs, switching periodicities of 1ms and 2ms and infinite (i.e., DL/UL-only) are supported.
· For SCS >= 30kHz, switching periodicity of 0.5ms is supported.
· For DL-centric and UL-centric slot, the maximum number of symbols for gaps should be taken into account.
2.3. Dynamic SFI for Multiple Bandwidth Parts or Numerologies
When considering the multiple BWPs or numerologies, how to indicate the slot format needs considering. Since SFI carried by group-common PDCCH can inform the slot format for one slot or multiple slots, two cases need to be considered:
· Case 1: Different numerologies are configured for same slot.
· Case 2: Different numerologies are configured for different slots.
In case 1, a slot is divided into multiple BWPs where numerologies of different BWPs can be different. Then the following three options can be considered:
· Option 1: SFI indication is per CC;
· Option 2: SFI indication is per numerology;
· Option 3: SFI indication is per BWP.
Fig.2 gives an example for the above three options. For option 1, the slot format regardless of the numerologies are always the same. For option 2, the slot format for different numerologies can be different while the slot format for different BWPs with same numerology is the same. And for option 3, the slot format for different BWPs (either the BWP is configured with same numerology or different numerology) can be different.  Option 1 is simplest while it will bring unnecessary overhead due to aligned slot patterns among different numerologies. Option 3 is the most flexible, while the necessity of such flexible indication is not clear. Option 2 can achieve a trade-off between the overhead and flexibility.
[image: ]    [image: ]    [image: ]
        (a) Per CC                                 (b) Per numerology                          (c) Per BWP
Fig.2 Example on SFI for multiple BWPs or numerologies
Proposal 4:
· For dynamic SFI, NR should support SFI indication per numerology.
For case 2, the numerologies of multiple slots that SFI is effective may be different as shown in Fig.3. Assuming group common PDCCH carrying SFI is transmitted in slot n, and the SFI effective duration is 2 slots, then the group common PDCCH carrying SFI in slot n needs to indicate the slot formats for both slot n and slot n+1. However, the numerologies of slot n and slot n+1 are different. 
[image: ]
Fig.3 Example on different numerologies configured for different slots.
Then, for both case 1 and case 2, the question is how to indicate the slot formats for each numerology. In our view, one SFI is sufficient to indicate the slot formats for different numerologies. In this case, a mapping relationship between the SFI value and the slot patterns {UL, DL, Unknown} of different numerologies can be defined in a table. And depending on the SFI value and the configured numerology, the slot patterns can be obtained by looking up the table. Since one slot pattern for a given numerology may correspond to multiple slot patterns for another numerology. If all possibilities are predefined in the table, the control overhead is significant. To reduce the control overhead of SFI and achieve more flexibility, the slot patterns {UL, DL, Unknown} in the defined table can be configured by higher layer signalling.
Proposal 5:
· For dynamic SFI, one SFI is used to indicate the slot format related information for multiple numerologies: 
· A mapping relationship between the SFI value and the slot patterns {UL, DL, Unknown} of different numerologies can be defined in a table.
· The slot patterns {UL, DL, Unknown} in the defined table can be configured by higher layer signalling.
2.4. Dynamic SFI for Multiple CCs
In case of carrier aggregation, SFI needs to indicate the slot formats for multiple CCs. In the carrier aggregation session, it was agreed that ‘UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell, or on a different cell (as a working assumption)’. To reduce the complexity for group common PDCCH monitoring, it is beneficial to support group-common PDCCH monitoring on a different cell. Therefore, we propose to confirm the following working assumption:
Proposal 6:
· Confirm the following working assumption:
· UE can be configured to monitor SFI in group common PDCCH for a Scell on a different cell.
In addition, the details the SFI indication for multiple CCs need to be considered, e.g., which SFI is used to indicate which CC. In our view, in case of multiple CCs, at least the slot format of intra-band contiguous CCs should be the same. And the slot format of inter-band non-contiguous CCs can be different. To support this, the UE can be configured to monitor a dynamic SFI where the indication of dynamic SFI is for one CC or multiple CCs and which CC(s) the dynamic SFI indicates can be configured by RRC signaling. For example, as shown in Fig.4, assuming UE is configured with 4 CCs where CC1 and CC2 are intra-band contiguous CC, while CC3 and CC4 are inter-band non-contiguous CCs. To indicate the slot formats for 4 CCs, two SFI fields can be carried in one GC-PDCCH which is monitored in CC1. SFI 1 is used to indicate the slot format for CC1 and CC2 and SFI2 is used to indicate the slot format for CC3 and CC4.
[image: ]
Fig.4 Example of SFI for multiple CCs
2.5. UE behavior
2.5.1 PDCCH monitoring
In the RAN1 NR AH#3 meeting, it was agreed that ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the same as ‘reserved’ if not overridden. But it is still FFS when ‘unknown’ is used as ‘reserved’, whether it is exactly the same or approximately as ‘reserved’. For example, whether UE shall perform PDCCH blind decoding or measurement if ‘unknown’ is not overridden. In our view, when ‘unknown’ is regarded as ‘reserved’, the UE behaviour on this ‘unknown’ should be exactly the same as ‘reserved’, e.g., UE shall not transmit or receive anything (including the PDCCH monitoring and measurement) on the reserved resource. Otherwise, the unknown is no longer reserved. On the other hand, if unknown is flexible, either dynamic SFI or UE-specific DCI can override it. In this case, whether UE shall perform PDCCH monitoring or measurement can depend on the indication in dynamic SFI or DCI. Therefore, if unknown is not overridden, UE shall not perform PDCCH monitoring and measurement on the ‘unknown’ resource.
Proposal 7: 
· If ‘unknown’ is not overridden, it is used to achieve exactly the same as ‘reserved’;
· UE shall not perform PDCCH monitoring and measurement on the unknown resource.
2.5.2 UE behavior when group-common PDCCH is not detected (erasure)
In the last RAN1 meeting, it was discussed that how to define the UE behavior when the group-common PDCCH is not detected. Generally, two options can be considered:
· Option 1: Treat this erasure as if the dynamic SFI is not transmitted
· Option 2: Treat this erasure as a dynamic SFI miss detection
As discussed in section 2.1, whether to add CRC has some impact on the UE behavior. In our view, if CRC is attached, gNB can skip transmission of group-common PDCCH at the monitoring occasion for UEs. The UE can identify whether the group-common PDCCH is transmitted or not at the monitoring occasion based on the CRC check. This is because false-alarm probability can be capped to a certain level by CRC protection. Therefore, when the UE does not detect group-common PDCCH, the UE can simply assume group-common PDCCH is not transmitted, and can behave as if there is no group-common PDCCH. In this case, UE can determine the symbol(s)/slot(s) format based on semi-static configurations or DCI. If there is no semi-static configurations or DCI to signaling the slot format, the UE shall treat the symbol(s)/slot(s) as unknown and shall not receive or transmit anything in the symbol(s)/slot(s).
Proposal 8:
· When group common PDCCH is not detected, UE shall assume group common PDCCH is not transmitted.
2.5.3 Override behavior
Since semi-static SFI, dynamic SFI and UE-specific DCI can indicate the slot format separately, therefore, UE behaviour should be clarified when collision between different configuration/signaling occurs. In this section, we discuss the overridden behaviour for each of the signalings for slot format indication.
For the semi-static SFI, DL/UL/unknown can be configured for the slot format. For DL/UL transmission direction configuration, we think if semi-static DL/UL is configured, it is either used to indicate the transmission direction for cell-essential channels/signals or to align the UL/DL configurations among different operators. Therefore, DL/UL transmission direction configuration in semi-static SFI cannot be overridden by dynamic SFI or UE-specific DCI. For unknown configured by semi-static SFI, it is flexible resource. Therefore, it can be overridden by dynamic SFI or UE-specific DCI.
For the dynamic SFI, DL/UL/unknown can be indicated for the slot format. It has agreed that unknown can be overridden by UE-specific DCI. However, whether DL/UL transmission direction can be overridden by DCI is still FFS. Since dynamic SFI can indicate the slot format of one slot or multiple slots, it is possible that gNB may want to change previous indication in some cases. For example, as shown in Fig.5, dynamic SFI in slot n informs the UE that slot n+1 is a DL-only slot. However, due to the arrival of UL URLLC data, the UE-specific DCI in slot n+1 schedules a UL URLLC data in some symbols. In this case, UE-specific DCI conflicts with earlier indication in dynamic SFI. To ensure the reliable transmission of URLLC, the UE-specific DCI should override the indication in dynamic SFI.
[image: ]
Fig.5 UE-specific DCI overrides dynamic SFI

Similarly, it is also FFS whether the UE-specific DCI can be overridden by the DL/UL transmission direction indication in dynamic SFI. Since NR support cross-slot scheduling or multiple -slot scheduling, it is possible that gNB want to change previous scheduling due to some reasons. For example, as shown in Fig.6, UE-specific DCI in slot n schedule a DL data in slot n+1. However, due to the arrival of a UL URLLC data, some symbols in slot n+1 may be indicated as UL by dynamic SFI, so that the UE can transmit the UL URLLC data in the corresponding symbols. In this case, dynamic SFI in the later slot conflicts with UE-specific DCI. Since URLLC has higher priority, UE should follow the latest indication in dynamic SFI to ensure the transmission of URLLC data. Therefore, the DL/UL in UE-specific DCI can be overridden by the UL/DL in dynamic SFI. 
[image: ]
Fig.6 Dynamic SFI overrides UE-specific DCI
For UE-specific DCI, another question is whether the DL/UL indication in UE-specific DCI can be overridden by unknown in dynamic SFI. Actually, this is related to dynamic resource reservation. In our view, if dynamic SFI can indicate reserved, then there is no need to override UE-specific DCI by unknown and unknown can be simply regarded as flexible which can be overridden by UE-specific DCI. However, if dynamic SFI cannot indicate reserved, then it is necessary to override UE-specific DCI by unknown in certain use case. For example, as shown in Fig.7, in slot n, UE-specific DCI schedules a PUSCH transmission for UE1 in slot n+1, while in slot n+1, UE-specific DCI schedules a DL URLLC data for UE2, to ensure URLLC transmission of UE2, UE1 shall not transmit PUSCH on the URLLC resource. In this case, partial resources for PUSCH transmission of UE1 should be reserved for URLLC transmission. So that UE1 shall not perform PUSCH transmission on the scheduled URLLC resource. This can be achieved by indicate the symbols for DL URLLC as unknown for UE1 and actually, unknown is regarded as reserved in this case.
[image: ]
Fig.7 Unknown in dynamic SFI overrides UE-specific DCI
In addition, for periodic measurement signals, how to handle the collision when periodic signals conflict with dynamic SFI or UE-specific DCI is still FFS. Firstly, the semi-static SFI is not required to guarantee DL or UL for semi-static measurement configuration, e.g., periodic SRS and periodic CSI-RS. Therefore, semi-static SFI can configure same DL or UL for measurement signals or configure unknown for measurement signals. If same DL or UL is configured for measurement signals, then it is not expected to have different DL/UL indication in dynamic SFI or UE-specific DCI. However, if semi-static SFI configures ‘unknown’ for these resources, then it is possible to conflict with dynamic SFI or UE-specific DCI. In this case, the following cases need to be considered:
· Case 1: If measurement signals are configured on unknown resource of semi-static SFI and no other signals override it, then UE shall not perform measurement on the unknown resource which is consistent with the UE behaviour defined in section 2.5.1.
· Case 2: If measurement signals are configured on unknown resource of semi-static SFI and dynamic or UE-specific SFI indicates the same DL/UL transmission direction with the measurement configurations:
· Case 2-1: if dynamic SFI indicates the same DL/UL transmission direction with the measurement configuration, UE shall follow the dynamic SFI and perform measurement on the unknown resource. 
· Case 2-2: if UE-specific SFI indicates the same DL/UL transmission direction with the measurement configuration, UE shall rate match around the measurement signals and perform measurement on the unknown resource. 
· Case 3: If measurement signals are configured on the unknown resource of semi-static SFI, while dynamic SFI or UE-specific SFI indicates different DL/UL transmission direction with the measurement configurations, UE shall follow the indication in dynamic SFI or UE-specific DCI and cancel the measurement on the unknown resource. 
Proposal 9:
· The following override behaviour should be defined:
·  For semi-static SFI,
· “Unknown” in semi-static DL/UL assignment can be overridden by dynamic SFI or UE-specific DCI.
· DL/UL in semi-static DL/UL assignment cannot be overridden by dynamic SFI and UE-specific DCI.
· For dynamic SFI,
· DL/UL in dynamic SFI can be overridden by UE-specific DCI.
· For UE-specific DCI,
· DL/UL indication in UE-specific DCI can be overridden by dynamic SFI.
· For periodic measurement configuration,
· If periodic measurement signals are transmitted on semi-statically configured DL or UL, measurement configuration cannot be overridden by dynamic SFI and UE-specific SFI.
· If periodic measurement signals are transmitted on unknown resources configured by semi-static SFI, measurement configuration can be overridden if dynamic SFI or UE-specific SFI has different DL/UL transmission direction indication with measurement configurations.
3. Conclusion
In this contribution, we discussed the remaining issues related to group common PDCCH. And our proposals are summarized below.
Proposal 1:
· Group common PDCCH is designed with CRC attachment and polar coding.
· CRC attachment and polar coding procedure are exactly same as for regular PDCCH.
Proposal 2: 
· NR support joint management of slot based SFI and multiple-slot based SFI:
· The SFI monitoring periodicity is configured by higher layer signaling.
· The time duration that SFI is effective is derived based on the monitoring periodicity.
Proposal 3:
· Both semi-static SFI and dynamic SFI can achieve at least the following:
· For SCS = 15kHz and 30kHz, switching periodicities of 5ms and 10ms are supported.
·  UL-DL assignment aligned with LTE TDD UL/DL configuration #1, #2 and #5 with any special subframe configurations should be available; 
· For all SCSs, switching periodicities of 1ms and 2ms and infinite (i.e., DL/UL-only) are supported.
· For SCS >= 30kHz, switching periodicity of 0.5ms is supported.
· For DL-centric and UL-centric slot, the maximum number of symbols for gaps should be taken into account.
Proposal 4:
· For dynamic SFI, NR should support SFI indication per numerology.
Proposal 5:
· For dynamic SFI, one SFI is used to indicate the slot format related information for multiple numerologies: 
· A mapping relationship between the SFI value and the slot patterns {UL, DL, Unknown} of different numerologies can be defined in a table.
· The slot patterns {UL, DL, Unknown} in the defined table can be configured by higher layer signalling.
Proposal 6:
· Confirm the following working assumption:
· UE can be configured to monitor SFI in group common PDCCH for a Scell on a different cell.
Proposal 7: 
· If ‘unknown’ is not overridden, it is used to achieve exactly the same as ‘reserved’;
· UE shall not perform PDCCH monitoring and measurement on the unknown resource.
Proposal 8:
· When group common PDCCH is not detected, UE shall assume group common PDCCH is not transmitted.
Proposal 9:
· The following override behaviour should be defined:
·  For semi-static SFI,
· “Unknown” in semi-static DL/UL assignment can be overridden by dynamic SFI or UE-specific DCI.
· DL/UL in semi-static DL/UL assignment cannot be overridden by dynamic SFI and UE-specific DCI.
· For dynamic SFI,
· DL/UL in dynamic SFI can be overridden by UE-specific DCI.
· For UE-specific DCI,
· DL/UL indication in UE-specific DCI can be overridden by dynamic SFI.
· For periodic measurement configuration,
· If periodic measurement signals are transmitted on semi-statically configured DL or UL, measurement configuration cannot be overridden by dynamic SFI and UE-specific SFI.
· [bookmark: _GoBack]If periodic measurement signals are transmitted on unknown resources configured by semi-static SFI, measurement configuration can be overridden if dynamic SFI or UE-specific SFI has different DL/UL transmission direction indication with measurement configurations.
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