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1 Introduction

In RAN1 #91 meeting, discussions on group common PDCCH were held, and the following is agreed. 

Agreements:

· A reference SCS is signaled together with cell-specific DL/UL assignment link configured period in ms and configurated pattern (x1,x2,y1,y2) is slots/symbols

· For Rel 15, the same reference SCS is applied to UE-specific DL/UL assignment link configured period in ms and  configurated pattern (x3,x4,y3,y4) is slots/symbols

· For GC-PDCCH monitoring, the period is GC-PDCCH SCS dependent

· For 15KHz SCS (slots based on 15kHz): 1,2,5,10,20

· For 30KHz SCS (slots based on 30kHz): 1, 2, 4, 5, 10, 20

· For 60KHz SCS(slots based on 60kHz): 1, 2, 4, 5, 8, 10, 20

· For 120KHz SCS(slots based on 120kHz): 1, 2, 4, 5, 10, 20

Agreements:

· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Add additional periodicity 0.625ms (for 120KHz SCS only), 1.25ms (for >=60KHz SCS), and 2.5ms (for >=30KHz SCS)

· Also support 2 concatenated DL-unknown-UL periodicity
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included

· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms

· When two perodicities are included, the corresponding parameters are independently configured.

· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)

Agreements:

· On SSB transmission

· SSB transmission can happen in semi-static DL

· SSB transmission can happen in semi-static unknown

· Symbols configured to transmit SSB cannot be overwritten to UL

Agreements:

· The reception of DL one-slot UE-specific data not semi-statically configured by RRC and measurement related signals not semi-statically configured by RRC cannot be overriden by “unknown” in dynamic SFI

· FFS the case of DL multi-slot UE-specific data not semi-statically configured by RRC

Agreements:

· In a UE PDCCH monitoring occasion, if dynamic SFI “unknown” is received (not overwritten) for at least one symbol configured for UE PDCCH, the UE is not expected to monitor the PDCCH 

Working assumption:

· For the SFI table, capture the following:

· For information only:

· Include entries with all D, all U and all unknown (X)

· For the slot format with single switching point

· For short consecutive DL, consider up to 3 DL symbols

· For short consecutive UL, consider up to 2 UL symbols

· For short consecutive unknown, consider up to 3 unknown symbols 

· With DL and unknown:

· DL dominant: X starts in symbol 11, 12, 13 or 14 and ends in symbol 14

· Unknown dominant: X starts in symbol 2, 3, or 4 and ends in symbol 14

· With unknown and UL

· Unknown dominant: X starts in symbol 1 and ends in symbol 12 or 13

· UL dominant: X starts in symbol 1 and ends in symbol 1, 2, 3, 4, 5, 6

· With DL, unknown and UL:

· DL dominant: X in symbol {13}, {12, 13}, {11,12,13}, {12}, {11, 12}, {10,11,12}

· Unknown dominant: X starts in symbol 2, 3, or 4 and ends in symbol 12 or 13

· UL dominant: X in symbol {2}, {3}, {4}, {2,3}, {3,4}, {4,5}, {2,3,4}, {3,4,5}, {4,5,6}

· Additional to match LTE special subframe patterns: 9-4-1, 6-6-2, 6-2-6

· Special case: 1-3 D in the beginning and 3 U in the end

· For the slot format with two switching points

· Consider symmetric two half slots

· For short consecutive DL, consider up to 2 DL symbols

· For short consecutive UL, consider up to 1 UL symbols

· For short consecutive unknown, consider up to 2 unknown symbols 

· Additional entries can still be discussed and introduced in Rel-15

· The indexing may be further adjusted
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Agreements:

· Transmission direction implied by cell-specific RRC configuration cannot be overwritten by dynamic SFI to the other direction

· Transmission direction implied by cell-specific RRC configuration for SCell/PSCell delivered in UE-specific manner cannot be overwritten by dynamic SFI to the other direction

· For DCI granted multi-slot transmission (PDSCH/PUSCH/PUCCH) vs semi-static DL/UL assignment

· If semi-static DL/UL assignment configuration of a slot has no direction confliction with scheduled PDSCH/PUSCH/PUCCH assigned symbols, the PDSCH/PUSCH/PUCCH in that slot can be transmitted

· If semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH/PUCCH assigned symbols, the PDSCH/PUSCH/PUCCH transmission in that slot is cancelled

· Transmisson direction implied by UE-specific RRC configuration is treated together as “measurement”

· Currently already include: Measurement related signals semi-statically configured by UE-specific RRC (eg. periodic/semi-persistent CSI-RS for CSI report, periodic CSI report, periodic/semi-persistent SRS) where a DL or UL direction will be assumed

· This includes UE-specific RRC PRACH configuration per each BWP, type 1 grant free UL transmission, type 2 grant free UL transmission 

· For type 2 UL transmission without grant, only the transmission at the first activated resource is treated as “UE-specific data”

· FFS: Configured resources for RRM for neighbor cell measurement

· Configured PDCCH monitoring under semi-static “unknown” (if not overwritten) is performed

Working assumption:

· For FDD SFI support, use multi-slot SFI configuration to achieve FDD SFI support

· The SFI for one FDD slot is configured with 2 entries in multi-slot configuration 

· Even slot is for DL BWP, and odd slot is for UL BWP

· Same mechanism can be applied to SUL case
Agreements:

· NR does not support the following: 

· Transmission of UL UE-specific data and measurement related signals not semi-statically configured by RRC is overriden by “unknown” in dynamic SFI

· For DCI granted multi-slot transmission (PDSCH/PUSCH/PUCCH) vs dynamic SFI, when there is no semi-static DL/UL assignment or the semi-static DL/UL assignment indicates unknown

· Follow scheduled multi-slot transmission 

Agreements:

· In Rel-15, on coding of any PDCCH (including GC-PDCCH)

· The coding has at least 12 bits before CRC

· If the payload size is 11 bits or less, zero-padding to 12 bits
Agreements:

· On the indicated effective range of the dynamic SFI, the earliest slot the SFI can be applied is the same slot

· FFS: The DL cancellation and UL cancellation action time
From the RAN1 #91, many issues for GC PDCCH are addressed such as relationship among semi-static SFI, dynamic SFI and configurations, and how to define default slot format. As a result a few agreements are derived. For further discussion, we made some proposals about how to indicate SFI with different numerology, SFI indication for SUL, and UE operations for fallback.
2 Discussions 
2.1 UE Operation

2.1.1 UE operation according to the GP configurations

In LTE, cell-specific GP length is configured to all UEs. This, however, can be very inefficient in NR framework. For example, if GP length is configured as 2 OS based on 15 kHz numerology, it becomes 8 OS on 60 kHz regardless of actually necessary GP length of UEs utilizing 60 kHz. Given different propagation delays, different numerologies, and different QoS requirements, it is therefore natural to consider UE-specific GP configuration in NR rather than assuming cell-specific UE-common GP configuration. To support this, maximum GP supported by the network needs to be informed to UEs (as UEs requiring more GPs than the network can support need handling) and UE-specific GPs should be able to be decided/informed. To support UE-specific GP, we can consider (1) explicit UE-specific GP configuration or (2) implicit UE-specific GP determination. For (2), a UE can estimate the GP based on configured TA and predefined switching latency between DL to UL. It is noted that switching latency may be defined differently per numerology which can be up to RAN4. In case (2) is used, the network estimates GP based on configured TA. It’s however possible that the network and UE may have different understanding on the configured TA, and thus, there is possibility of different assumptions on the GP. This can be avoided by the network with conservative estimation (i.e., margin on GP). In this case, the maximum GP can be bounded by the maximum TA value. 
Proposal 1: NR supports UE-specific GP configuration. A UE can estimate GP based on configured TA and DL-UL switching latency. 
The SFI can be indicated semi-statically by RRC and dynamically by GC PDCCH, and it is finalized by combination of these two SFI and UE-specific DCI. In D and U from a SFI, overall we can consider two approaches. 
First approach is to indicate best case for D and U. In other words, D and U are indicated according to the smallest GP that the network supports. If this approach is used, a UE with larger GP length needs to determine where to put extra required GP in D or U portion. The UE may perform DL/UL switching before a first UL symbol where the gap can span unknown and potentially DL resource in the slot. 

Second approach is to indicate worst case for D and U where D and U portions are indicated based on the largest GP that the network supports. With this approach, separate mechanisms to utilize “Unknown” indicated by SFI indication can be used for downlink or uplink for UEs with smaller GP. If the latter is used, all UEs would not perform “measurement” related operation in unknown resources, which will restrict measurement resources even for smaller GP UEs. To balance the benefits considering also gap operation, we propose to adopt the first approach. 

Proposal 2: To support various gap size, the network indicates the smallest gap as Unknown resource in SFI. Each UE applies UE-specifically configured gap size. 

Proposal 3: Gap is created by a UE before first UL resource used for transmission by UE implementation. A UE can skip measurement in GP. A UE is not expected to be configured/scheduled with PDSCH on GP. A UE can skip monitoring PDCCH in GP. 
2.1.2 UE operation when UE loses the SFI

When a UE is configured with group common PDCCH but has not acquired GC PDCCH, we can consider the UE’s fall back operations as follows,

UE cannot assume slot format based on GC PDCCH. Information from other configurations such as DCI and semi-static configuration depending on the priority rule of agreements can provide additional information. 
There are multiple cases where a UE assumes ‘no group common PDCCH’ information is missed or not acquired. First case is when the UE has not received GC PDCCH in the configured SS for GC PDCCH. Second case is during the time the UE processes GC PDCCH (e.g., OFDM symbols where GC PDCCH is transmitted) unless previous GC PDCCH indicates SFI information on such symbols. Another case is when a UE has acquired GC PDCCH, but it does not cover all the resources up to the next GC PDCCH occasion as mentioned in Section 2.2. For the last case, as it’s known information between the network and UE, further assumption (such as assume downlink or Unknown resource for the unindicated slots). For other cases we propose the followings.  
When the UE has not acquired GC PDCCH even if it is configured, the UE cannot assume any information on flexible resources. Thus, a UE cannot change resource’s state. Here, we need to clarify the UE behaviour when group common PDCCH indicates different resource direction. 
(1) Measurement: in terms of downlink measurement, we can consider two approaches 

A. where a UE is expected to perform measurement on the resources if 

· The resources are semi-statically configured as DL or

· The resources are semi-statically configured as flexible and GC PDCCH indicates DL

B. Where a UE is expected to cancel the measurement on the resources if the resources are semi-statically configured as flexible and GC PDCCH indicates Unknown or UL. Otherwise, the UE performs measurements. 
(2) PDCCH monitoring: we can consider the following approaches

A. A UE is expected to monitor PDCCH if

· The resources are semi-statically configured as DL or GC PDCCH indicates DL

B. A UE is allowed to skip PDCCH if 

· The resources are semi-statically configured as flexible and GC PDCCH indicates Unknown or UL. Otherwise, UE monitors PDCCH.
Depending on which behaviour the UE assumes, handling of GC PDCCH missing case can be a bit different. For example, if approach A is assumed for measurement, when GC PDCCH is missed on the flexible resource, either condition has not been met. Thus, a UE is not expected to perform measurements. If approach B is assumed, as GC PDCCH does not cancel the measurement, a UE is expected to perform measurements. Yet, if the UE performs measurement on either UL or reserved resource, the measurement quality can be poor. In this sense, we consider approach A is assumed. For PDCCH monitoring, on the other hand, a UE may ‘drop’ PDCCH even if the network has sent PDCCH if the UE has missed GC PDCCH if approach A is used. Thus, we propose to adopt approach B for PDCCH monitoring. 
Proposal 4: When a UE is configured with GC PDCCH, a UE is expected to perform measurement on the resources if 

· The resources are semi-statically configured as DL or

· The resources are semi-statically configured as flexible and group common PDCCH indicates DL

· Proposal 5: When a UE is configured with GC PDCCH, a UE is allowed to skip PDCCH if The resources are semi-statically configured as flexible and group common PDCCH indicates Unknown or UL. Otherwise, UE monitors PDCCH.
For example, for semi-statically configured measurement resources, since the resources are not validated by SFI, a UE cannot assume that resources are valid unless the resources are configured in semi-static DL or UL. For monitoring CORESET, as the UE does not acquire ‘reserved resource’ where the UE can skip monitoring on CORESET, the UE keep monitoring CORESET.  Similarly for others, the UE cannot assume any change by SFI if GC PDCCH has not been detected. 
Proposal 6: When a UE misses group common PDCCH, the UE behaviour when group common PDCCH is received would not be applied. Specifically, a UE cannot assume that “measurement” are valid in flexible resource of semi-static D/U assignment. Also, UE cannot skip CORESET monitoring in flexible resource as the resource has not been identified as reserved/UL. In other words, in the cases GC PDCCH is not acquired, a UE skips measurements and monitors CORESETs on the unidentified resources.
2.1.3 UE operation in C-DRX

During C-DRX, a UE may not monitor PDCCHs continuously. In this case, the behavior related to group common PDCCH needs to be clarified. To maximize C-DRX, it is not desirable to enforce the UE to monitor group common PDCCH during C-DRX. If the UE is able to receive (e.g., during OnDuration), the information can be used. Otherwise, it is handled as if Section 2.1.2 where a UE misses group common PDCCH. In other words, during C-DRX, a UE may perform measurements only in semi-statically configured DL resources. 
Proposal 7: A UE is not required to monitor group common PDCCH during C-DRX. When the UE skips monitoring, SFI in C-DRX is handed same as the UE misses group common PDCCH.  
2.1.4 Timing for cancellation of configured resource by dynamic SFI

It has been agreed to apply GC PDCCH in the current slot where GC PDCCH is delivered. However, to effectively change the UE behavior based on SFI, necessary processing time should be considered. So far, it has agreed that only semi-statically configured resource can be overwritten by dynamic SFI. In terms of semi-statically configured resource, we can categorize, downlink measurement, UL transmission without grant, downlink SPS, SRS, SR, P-CSI, etc. 
In general, for downlink measurement or PDSCH, a UE can skip receiving/measuring as soon as it acquires SFI information. On the same slot where GC PDCCH has been transmitted, however, processing time on SFI needs to be considered. At least, OFDM symbols carrying SFI and m additional OFDM symbols (e.g., m =1) should be assumed for the processing time. As mentioned in 2.1.2, we consider such duration/time can be considered as the case of GC PDCCH is missed (unless the information has been delivered before). 

For uplink, minimum processing time to prepare any uplink transmission with TA should be considered as processing time. The minimum timing to indicate PUCCH resource or PUSCH slot can be used for this purpose. 
Proposal 8: For DL data reception/measurement, SFI can be effective immediately after UE finishes processing on SFI. For UL data transmission, SFI can cancel UL transmission if SFI has been available before M OFDM symbols where M is the minimum timing between PDCCH to PUSCH or PDSCH to PUCCH. 
2.2 Slot format indication less than period
From the previous agreements, slot format is indicated by following process. Slot format table for UE is configured as combinations of formats per slot. Then SFI in GC PDCCH indicates the index of slot format table and UE extracts the entry matched with the index as slot format. The GC PDCCH is transmitted to UE according to the periodicity, but the slot length of indicated slot format and periodicity may not be matched. If the number of slot format indicated slots is multiple of periodicity, it is not cause any problem. However if it is not, some slots do not have slot format even the GC PDCCH is properly received, and UE cannot assure what behavior UE should follow. For these slots, three options can be considered.

· Option 1: UE can consider those slots as ‘Unknown’ or ‘Downlink’
· Option 2: UE can operate fall back operation (when UE missed or does not received GC PDCCH) in those slots.

· Option 3: UE can assume that slot format indication is false.

The GC PDCCH is received completely and it could be regarded as the gNB does not indicate slot formats for those rest slots intentionally. Thus it may reasonable that option 1 for UE behavior would be appropriated, but it still should be discussed further the necessity of slot format indication for non-multiple slots of periodicity.

Proposal 9: It is necessary to discuss whether the number of slot format indicated slots should be a multiple of periodicity or not. If it’s not mandated to do so, assumption on unindicated resources is necessary. 
2.3 Slot format indication in BWP switching
UE can be configured multiple BWPs even only single BWP is activated at once. This activated BWP can be changed in the progress of communication, thus it is necessary to define the way how the SFI is indicated for changed active BWP. When BWP is changed, there would not be a problem if new SFI for new BWP is indicated. However, especially the case that an SFI for earlier BWP is indicated but BWP is changed to new BWP in the middle between group common PDCCH transmission intervals. When the same numerology between two BWPs are used, it is generally better to apply previously received SFI in the new active BWP as well (i.e., SFI information is inherited). In case of two BWPs are utilizing different numerologies, some further considerations could be necessary. Particularly, slot format indicated for numerology X may not lead to valid slot format for numerology Y (e.g., 2-slots of 30 kHz with [DX…UU][DX…UU] to be mapped as XXXXXXUXXXXXXU). In case new BWP changes numerology as well, two options can be considered.
· Option 1: A UE can ignore the earlier SFI and switches to fall back operation.
· Option 2: A UE inherits the earlier SFI, and switches SFI information based on the numerology of new BWP. In case, it leads to ‘unsupported’ slot format, the UE ignores SFI information and goes to fallback operation.
With option 1, UE behavior becomes simple, but it is inefficient that UE cannot follow the operations indicated by SFI and also should wait for other format or direction indication. However, on the other hand, the configured BWPs can be assumed in same carrier, thus it is difficult to have different slot direction in the same time. It means that the slot format from earlier BWP and that of later BWP would be almost same. From this sense, UE can apply the slot format for earlier BWP to changed BWP having difference numerology if there is SFI change rule according to the numerology.
Proposal 10: Received SFI via GC PDCCH and semi-static DL/UL configuration are valid regardless of BWP switching. In case BWP switching changes numerology, determine SFI information based on the new numerology. 
In determining SFI by dynamic GC PDCCH for subcarrier spacing Y where SFI is delivered with subcarrier spacing X, we can consider the following cases. 
· Case 1: X <  Y (e.g., X = 15 kHz, Y = 30 kHz)
· One symbol of X maps to k symbols of Y with the same resource type indicated by SFI where k = Y/X.  

· Case 2: X >  Y
· In general, k symbols of X maps to 1 symbol of Y. 
(1) All k symbols are D symbols or U symbols or Unknown symbols ( D or U or Unknown symbol in Y

(2) k symbols include D & Unknown ( Unknown symbol in Y

(3) k symbols include D & U ( Unknown or error (ignore SFI in the slot)

(4) k symbols include U & Unknown ( Unknown symbols in Y

As mentioned earlier, if the derived slot format on Y is not one of supported slot format, the UE ignores SFI and assumes the case where SFI is not available in the slot. 
Proposal 11: SFI is derived on the new BWP assuming the same absolute time per each indicated resource. If there is k symbols with mixed resource type, map such resource as 1 Unknown symbol in case new BWP uses smaller SCS. 
From the earlier agreement, UE can receive the SFI for Scell from the GC PDCCH transmitted in Pcell. Each carrier of cells can have same or different numerology and when the numerology is different, it is necessary to consider how the slot format of Scell can be indicated. For the solution, two options can be considered as follows
· Option 1: ‘Slot’ is determined based on the numerology of SCell. 

· Option 2: ‘Slot’ is determined based on the numerology of PCell where SFI on SCell is derived based on the rule mentioned in the above.  
In terms of ‘slot formats’, it can be considered to configure separately per each cell as the number of slots indicated can be different. For example, if PCell uses 15 kHz and cross-schedule SFI on SCell with 60 kHz, and periodicity of SFI is 2 slot, it maps to 8 slots in SCell. 

As slot format can be different depending on the numerology, particularly, when SCell and PCell use very different SCSs, it is desirable to assume that numerology of scheduled carrier is used even for SFI transmission (i.e., Option 1). 

Proposal 12: Slot format table can be separately configured per each cell. 

Proposal 13: Slot by SFI is determined based on the scheduled cell in both self-carrier and cross-carrier SFI transmission. 
When BWP switching is configured in SCell which may change the numerology as well, clarification on numerology of ‘scheduled carrier’ needs to be clarified. First approach is to assume that numerology of the currently active BWP in SCell may be assumed. If this is used, multiplexing among UEs with different numerology in SCell becomes tricky by cross-carrier scheduling. Second approach is to assume ‘reference numerology’ of the SCell which is used for SFI transmission regardless of ‘actual’ numerology. This would make it easy to multiplex SFIs for different numerologies for the same cell. In terms of ‘reference’ numerology, it may follow the numerology of ‘the first active BWP’ which is activated upon SCell activation. Or, it may follow the numerology of ‘default BWP’. 
Proposal 14: If a UE is configured with multiple BWPs with different numerology for a SCell which is cross-carrier scheduled for SFI transmission, the numerology of the first active BWP is assumed to be the reference numerology for the SFI transmission. 

2.4 Slot format indication for SUL
From the working assumption of #91, the slot format for FDD bands or SUL band can be indicated by single entry of slot format table. Even slots of entry indicates DL band or TDD band, and odd slots indicates UL band or SUL band, and this form can be designed when slot number of two bands are same. In the release 15, the numerologies of FDD bands (tx band and rx band) are same but those of TDD band and SUL band can be different (SUL band’s numerology could be less than or equal to TDD band’s). When different numerology is used between non-SUL and SUL, mapping two entries for one slot may not be efficient, or at least some clarification is needed. 

For example, one slot of 60 kHz does not map to one slot of 15 kHz. Thus, if non-SUL uses 60 kHz and SUL uses 15 kHz, if we like to confirm working assumption, we can assume that one slot of 60 kHz and 15 kHz takes turn in even/odd slots. In this case, SFI of 15 kHz would be repeated 4 times. So in terms of slot format entries, a UE assumes that SUL’s slot information would be repeated k times where k =X/Y (X = SCS of non-SUL, Y = SCS of SUL). This approach however would require ‘separate’ table if numerology of non-SUL or SUL can change by BWP switching. For example, if non-SUL uses 30 kHz and 60 kHz, then two different slot format tables are needed. 
Another approach is to configure entries of different numerologies into single entry as follows. 

	
	Non-SUL 15 kHz
	Non-SUL 30 kHz
	Non-SUL 60 kHz
	SUL 15 kHz
	SUL 30 kHz

	1
	SFI0
	SFI0, SFI0
	SFI0, SFI0, SFI0, SFI0
	SFI 1
	SFI 1, SFI 1

	2
	SFI0
	SFI0, SFI0
	SFI0, SFI0, SFI0, SFI0
	SFI 2
	SFI 2, SFI 2

	3
	SFI0
	SFI0, SFI0
	SFI0, SFI0, SFI0, SFI0
	SFI 15
	SFI 2, SFI 1

	4
	SFI0, SFI0
	SFI0, SFI0, SFI0, SFI0
	SFI0, SFI0, SFI0, SFI0, SFI0, SFI0, SFI0, SFI0
	SFI 1, SFI1
	SFI 1, SFI 1, SFI 1, SFI 1


In other words, one table entry may include different information depending on combination of non-SUL and SUL numerology. 

Proposal 15: Slot formats of different slot numbers for multiple bands can be indicated independently with single SFI.

2.5 With the mmWave

With the mmWave, the MIMO and beam management techniques are applied. The maximum 64 beams are supported and network uses these beams to transmit signals of the system to UEs. The gNB may not know that which beams will be aligned to UEs, thus the information which is needed to be delivered all UEs is needed to be transmitted in every beam. It cause the huge burden to the gNB but this operation is unavoidable. The SFI can be considered as common information because both scheduled UE and non-scheduled UE should receive the SFI. It can be assumed that gNB knows the exact beam which is connected with scheduled UE, however it is difficult to assure the beam which is connected with non-scheduled UE. If gNB cannot know the connection status between beam and UE, the beam sweeping should be operated to inform SFI to non-scheduled UE. To indicate SFI efficiently, some options can be considered. 

The SS block is the essential feature to make connection between gNB and UE thus SS block has to be transmitted in each beam. If GC PDCCH is conveyed in the resources for SS block or resources near SS block, additional monitoring and beam sweeping burden for GC PDCCH can be reduced. From the agreements of initial access agenda, the SS block is composed with 4 symbols and each symbol has two candidates SS block. It means that 8 symbols per slot is set aside for SS block. 1 slot is organized with 14 symbols, thus extra 6 symbols can be used for other purpose such as GC PDCCH transmission. Otherwise, GC PDCCH can be transmitted in the resources of candidates for SS block. SS block is not transmitted in every candidate, thus some resource of candidates is not utilize for actual SS block transmission. In these resources, GC PDCCH is able to be delivered. If GC PDCCH is transmitted in a beam-sweeping manner aligned with SS block, the periodicity of GC PDCCH transmission may need to be also aligned with SS block periodicity. For example, if SS block is transmitted in every 20msec, SFI needs to be also transmitted in every 20msec. In this sense, dynamic operation of SFI may not be suitable. Rather, it can be used to change ‘semi-static’ DL/UL configurations periodically. 
Besides the SS block, there are some other essential features for fundamental connection such as resource for RMSI, paging and beam management RS. Similar with SS block, UE need to monitor these features requisitely. If GC PDCCH is transmitted with sharing resources of these information, burden for GC PDCCH also is reduced.

For another option, cross-carrier configuration can be considered. Because of beam sweeping, it is difficult to prepare the resource for GC PDCCH that it cause much monitoring burden to UE. To solve this problem, SFI can be received in another carrier if UE can connect to multiple carriers. With the cross-carrier SFI configuration, it can be assumed that the numerology of carrier carrying SFI and that of mmWave carrier are different. In this situation, the target slot of SFI indication should be defined. In the same numerology circumstance, it may not cause any problem. However if it is not, SFI may not be aligned with slots of mmWave carrier. If the SCS of SFI carrying carrier is larger than that of mmWaver, the SFI can be receive to the UE in the middle of the mmWave carrier’s slot. Or in the converse situation, the SFI can be receive in front of the target slot of the mmWave carrier. Thus for the cross-carrier SFI configuration, the matching information between SFI and target slot needs to be defined.

Proposal 16: Use cases of transmission of SFI in multi-beam scenario first need to be clarified. One possible use case is to allow periodic change of semi-static DL/UL assignment over multiple slots aligned with SS block transmission periodicity. If indeed more dynamic SFI transmission is necessary, consider separate SS configuration with beam-sweeping. 

In the multi beam case, prepared resource for GC PDCCH transmission would not be enough to deliver SFIs for all beams because each beams need certain symbol or slot time duration for beam sweeping. If GC PDCCH includes all SFIs for all beams, it should be burden to deliver to every beams. To resolve this problem, it can be considered that specific symbol/time resource for SFI of beam can be defined. We can call this resource as SFI window. Each beams can be pointed the specific window that SFI for beam is transmitted, and when UE does not receive the SFI for certain beam in original GC PDCCH, UE waits and expects the SFI in the specific window. Of course the remaining issue that what slot is the start point of the slot format that indicated from specific window, but with this scheme, lack of resources for SFI carrying can be solved.

Proposal 17: Specific window for SFI delivery can be defined for beam.
3 Conclusion 
In this contribution, we discuss on the structure of group common PDCCH. Based on the discussion, we obtained following proposals.
Proposal 1: NR supports UE-specific GP configuration. A UE can estimate GP based on configured TA and DL-UL switching latency. 
Proposal 2: To support various gap size, the network indicates the smallest gap as Unknown resource in SFI. Each UE applies UE-specifically configured gap size. 

Proposal 3: Gap is created by a UE before first UL resource used for transmission by UE implementation. A UE can skip measurement in GP. A UE is not expected to be configured/scheduled with PDSCH on GP. A UE can skip monitoring PDCCH in GP. 

Proposal 4: When a UE is configured with GC PDCCH, a UE is expected to perform measurement on the resources if 
· The resources are semi-statically configured as DL or
· The resources are semi-statically configured as flexible and group common PDCCH indicates DL
Proposal 5: When a UE is configured with GC PDCCH, a UE is allowed to skip PDCCH if The resources are semi-statically configured as flexible and group common PDCCH indicates Unknown or UL. Otherwise, UE monitors PDCCH.
Proposal 6: When a UE misses group common PDCCH, the UE behaviour when group common PDCCH is received would not be applied. Specifically, a UE cannot assume that “measurement” are valid in flexible resource of semi-static D/U assignment. Also, UE cannot skip CORESET monitoring in flexible resource as the resource has not been identified as reserved/UL. In other words, in the cases GC PDCCH is not acquired, a UE skips measurements and monitors CORESETs on the unidentified resources.

Proposal 7: A UE is not required to monitor group common PDCCH during C-DRX. When the UE skips monitoring, SFI in C-DRX is handed same as the UE misses group common PDCCH.  
Proposal 8: For DL data reception/measurement, SFI can be effective immediately after UE finishes processing on SFI. For UL data transmission, SFI can cancel UL transmission if SFI has been available before M OFDM symbols where M is the minimum timing between PDCCH to PUSCH or PDSCH to PUCCH. 
Proposal 9: It is necessary to discuss whether the number of slot format indicated slots should be a multiple of periodicity or not. If it’s not mandated to do so, assumption on unindicated resources is necessary. 
Proposal 10: Received SFI via GC PDCCH and semi-static DL/UL configuration are valid regardless of BWP switching. In case BWP switching changes numerology, determine SFI information based on the new numerology. 
Proposal 11: SFI is derived on the new BWP assuming the same absolute time per each indicated resource. If there is k symbols with mixed resource type, map such resource as 1 Unknown symbol in case new BWP uses smaller SCS.

Proposal 12: Slot format table can be separately configured per each cell. 

Proposal 13: Slot by SFI is determined based on the scheduled cell in both self-carrier and cross-carrier SFI transmission.
Proposal 14: If a UE is configured with multiple BWPs with different numerology for a SCell which is cross-carrier scheduled for SFI transmission, the numerology of the first active BWP is assumed to be the reference numerology for the SFI transmission. 

Proposal 15: Slot formats of different slot numbers for multiple bands can be indicated independently with single SFI.

Proposal 16: Use cases of transmission of SFI in multi-beam scenario first need to be clarified. One possible use case is to allow periodic change of semi-static DL/UL assignment over multiple slots aligned with SS block transmission periodicity. If indeed more dynamic SFI transmission is necessary, consider separate SS configuration with beam-sweeping. 

Proposal 17: Specific window for SFI delivery can be defined for beam.
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