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1. Introduction

In previous RAN1 meetings, a list of agreements have been achieved and are presented in the appendix. In the RAN1#3 NR Adhoc, the following agreements have been concluded,

Agreements:

· 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
Agreements:

· 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)

· ‘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.
Agreements:

· 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)
In this contribution, we will firstly discuss UE behaviour for semi-static and dynamic DL/UL assignment, then provide solution for detailed signalling aspect for semi-static DL and UL transmission assignment. Note that this contribution is minor update of R1-1716055 submitted to RAN1#3 NR-Adhoc.
2. Discussion on semi-static and dynamic DL/UL assignment
2.1 Further discussion on the ‘unknown resources’ in both SFI and semi-static configuration  
In the following, we will firstly discuss the envisioned functionalities and benefits for ‘unknown resources’ in both SFI and semi-static configuration, then provide more clarification on the UE behaviour of ‘unknown resources’. 
The potential benefits and functionalities of unknown resources indicated in SFI include the following: 
1) Dynamic resource reservation: If no scheduling DCI has been detected by the UE before the occurrence of unknown resource, the UE does not need to perform transmit or receive on unknown resource. In this sense, the resource indication for unknown resource can be considered as a dynamic indication for ‘reserve resource’, which helps to provide more flexibility for reserve resource indication. In addition, since UE does not need to transmit or receive on these unknown resource, power saving can be achieved.
2) Dynamic DL/UL transmission operation: If UE has successfully detected a scheduling DCI before the unknown resource, and the scheduling DCI schedules DL/UL transmission on the unknown resource, dynamic switching of DL/UL transmission on the unknown resource can be performed, so as to achieve dynamic TDD operation. 
3) GAP for DL to UL switching: If the UE is not indicated by DCI to transmit or receive on the unknown resource, the unknown resource in between DL and UL resources can achieve the function of gap for DL to UL switching.   

The potential benefits and functionalities of unknown resource indicated in semi-static assignment include the following: 
1) Semi-static resource reservation: if the gNB do not signal any reserved resource by RRC signalling, while still want to achieve the functionality of reserved resources, the gNB can use the unknown resources as reserved resources by deliberately not overridden the unknown resource by DCI or SFI. If the indication of unknown resource is in implicit way, such resource reservation by unknown resources can save the signalling overhead compared with the already agreed explicit signalling of reserved resource by higher layer signalling. 
2) Dynamic DL/UL transmission operation: such operation can be achieved either by DCI or SFI. If UE has successfully detected a scheduling DCI before the occurrence of unknown resource, and the scheduling DCI schedules DL/UL transmission on the unknown resource, dynamic switching of DL/UL transmission on the unknown resource can be performed, so as to achieve dynamic TDD operation. Furthermore, if UE is configured with SFI and has successfully detected a SFI before the unknown resource, when the SFI indicates DL/UL transmission on the unknown resource, the UE need to perform according to the indication of SFI, which can also achieve dynamic TDD operation. 
3) If not overridden by DCI or SFI, the unknown resources between DL and UL can achieve the function of gap for DL to UL switching.   
For resources that indicated by semi-static signalling to be either DL or UL, the transmission direction can not be overridden by dynamic signalling, such as DCI or SFI. The reason is that, if such resources has been decided by gNB to be semi-static DL or UL, then either these resources are planned to be used for essential periodic DL/UL transmission, or the transmission direction for these resources cannot by dynamically changed (e.g., for adjacent-channel co-existence with LTE TDD). Otherwise, the resources do not necessarily to be configured as DL or UL by higher layer signalling, and can be configured to be unknown, so as to achieve dynamic TDD. 
Proposal 1: For resources indicated by semi-static signalling to be either DL or UL, their transmission direction cannot be overridden by dynamic signalling. 
For the unknown resource indicated in semi-static assignment, UE does not need to perform receive (including blind decoding of PDCCH and perform measurement) and/or transmit, if no DCI or SFI indicating DL/UL transmission on the unknown resource. This behaviour is similar as that of the unknown resource indicated in SFI, with one difference as that, the unknown resource in semi-static assignment can be overridden by either DCI or SFI. By contrast, the unknown resource indicated in SFI can be overridden by DCI rather than by SFI. 
Proposal 2: The unknown resources that indicated by semi-static signalling can be overridden by SFI or DCI. If the unknown resources are not overridden, UE is not expected to receive (including blind decoding of PDCCH and perform measurement) or transmit.
In order to achieve overridden of unknown resource by DCI/SFI, the time distance between the PDCCH with the overridden DCI/SFI and the unknown resource needs be equal or larger than the UE processing time for decoding PDCCH. For example, considering the processing time of PDCCH by UE as X-symbol. Then the time distance between the PDCCH with the overridden DCI/SFI and the unknown resource needs be equal or larger than X-symbol, so as to allow UE decodes the overridden signalling and prepare for the corresponding DL/UL transmission on the unknown resource. If no enough time is left between PDCCH with overridden indication and the unknown resources, UE just follow the behaviour of not transmit and not received on those unknown resource. 
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Fig. 1. Indication for overridden of unknown by SFI/DCI
Proposal 3: In order to achieve overriding of unknown resource by DCI/SFI, enough UE processing time needs to be reserved to decode DCI/SFI before the occurrence of unknown resource. 
One FFS aspect is the handling of ‘gap’ for DL to UL switching. The gap for DL to UL switching can be handled by the DL/UL configuration or scheduling of gNB, and does not need to be explicitly signaled to the UE. Specifically, for semi-static DL/UL assignment without DCI/SFI overriding, the unknown resource between semi-static DL and UL resources can be applied as the gap for DL to UL switching, as shown in Fig. 2. If the DCI/SFI are used for overriding the unknown resources in semi-static assignment, the gap for DL to UL switching shall be additionally depends on the scheduling of DCI or SFI. Separate discussion for SFI and DCI are necessary. For SFI without overriding by DCI, the unknown resource between DL and UL indicated by SFI can be the gap. If overriding of SFI by DCI happens, the gNB can handle the scheduling duration to leave enough time resource for DL to UL switching, as illustrated in the last sub-figure of Fig. 2.
Proposal 4: The gap for DL to UL switching can be handled by the DL/UL assignment or scheduling of gNB, and does not need to be explicitly signaled to the UE.
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Fig. 2. Indication for gap of DL to UL switching
2.2 Discussion on signalling aspects for semi-static DL and UL transmission assignment  
In the semi-static DL/UL assignment signalling, the DL and UL resources in a DL/UL switching periodicity are explicitly informed to the UEs, and the leftover resources without DL/UL indication are unknown resources. In other words, the unknown resources in semi-static assignment does not need to be explicitly informed to the UE. 
Proposal 5: In semi-static DL/UL assignment, the DL and UL resources in a DL/UL switching periodicity are explicitly informed to the UEs, and the leftover resources without indication are unknown resources.
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 in cell-specific higher layer, so as to allow the DL/UL switching periodicity to assist UEs acquire essential information and perform random access. 
Proposal 6: The DL/UL switching periodicity for the semi-static assignment is signalled in cell-specific higher layer signalling and in units of milliseconds.

For periodicity of 5ms and 10ms, the indication for DL/UL resources can be in granularity of milliseconds, i.e., in unit of subframe. The motivation is, such large value of periodicities are mainly applied for macro deployment and adjacent-channel co-existence between LTE and NR. The time unit in millisecond can satisfy such deployment requirement while save overhead. For the uplink resource indication, the gNB can indicate the following aspects: a) whether the carrier have uplink subframe; b) If the carrier includes uplink subframe, the uplink transmission start from which subframe in the periodicity. For example, for 10ms periodicity, the starting subframe for uplink transmission can be chosen from {#2, #4,….,#10}, considering the at least one subframe to be downlink subframe. For the downlink resource indication, the gNB can indicate the ending subframe for the downlink transmission. For example, for 10ms periodicity, the ending subframe for downlink transmission can be chosen from {#2, #3,….,#10}, if the ending subframe is the last subframe in the radio frame, then supplementary downlink is achieved.
For 0.5ms, 1ms, and 2ms, the indication for DL/UL resources can be in granularity of slot, or symbol, or the combination of slot and symbol, since the millisecond level is too coarse for such periodicities. If the granularity for different values of periodicities are in terms of symbols, unified design mechanism can be applied for different periodicities and different numerologies. Nonetheless, the overhead of the signalling needs to be carefully studied, since if a large value of periodicity is applied with a large SCS, e.g., 2ms with 120kHz SCS, the number of symbols in a periodicity would be quite large, which may introduce large overhead for signalling of DL resource sets and UL resource sets (the number of symbols in a periodicity with different numerologies is shown in Table1). Considering the tradeoff between signalling overhead and flexibility for DL and UL transmission assignment, different granularities can be applied for different combination of periodicity and numerologies, by higher layer signalling or by pre-definition in spec. One simple example is shown in Table4. In addition, if it is required to further save the signalling overhead, the granularity can be further defined in terms of multiple symbols or multiple slots.
	Table1: number of symbols in a periodicity with different numerologies 
　
	0.5ms
	1ms
	2ms

	15kHz
	7
	14
	28

	30kHz
	14
	28
	56

	60kHz
	28
	56
	112

	120kHz
	56
	112
	224


Proposal 7: For DL/UL switching periodicity of 5ms or 10ms, the indication for DL/UL resources is in granularity of milliseconds. For DL/UL switching periodicity of 0.5ms, 1ms, and 2ms, the granularity for indication for DL/UL resources is FFS among slot, or symbol, or the combination of slot and symbol. 
Table2: number of slots in a periodicity with different numerologies

(with example as one slot with 14 symbols)

	
	0.5ms
	1ms
	2ms

	15kHz
	N/A
	1
	2

	30kHz
	1
	2
	4

	60kHz
	2
	4
	8

	120kHz
	4
	8
	16


Table3: number of slots in a periodicity with different numerologies

(with example as one slot with 7 symbols)

	
	0.5ms
	1ms
	2ms

	15kHz
	1
	2
	4

	30kHz
	2
	4
	8

	60kHz
	4
	8
	16

	120kHz
	8
	16
	32


Table4: Example for different granularities for different combination of periodicity and numerologies

	　
	0.5ms
	1ms
	2ms

	15kHz
	symbol
	symbol
	symbol

	30kHz
	symbol
	symbol
	symbol

	60kHz
	symbol
	symbol
	slot

	120kHz
	symbol
	slot
	slot


3. Conclusions 
In this contribution, UE behaviour related to semi-static DL/UL , and the following proposals are made:

Proposal 1: For resources that indicated by semi-static signalling to be either DL or UL, their transmission direction cannot be overridden by dynamic signalling. 
Proposal 2: The unknown resources that indicated by semi-static signalling can be overridden by SFI or DCI. If the unknown resources are not overridden, UE is not expected to receive (including blind decoding of PDCCH and perform measurement) or transmit.
Proposal 3: In order to achieve overriding of unknown resource by DCI/SFI, enough UE processing time needs to be reserved to decode DCI/SFI before the occurrence of unknown resource. 

Proposal 4: The gap for DL to UL switching can be handled by the DL/UL assignment or scheduling of gNB, and does not need to be explicitly signaled to the UE.

Proposal 5: In semi-static DL/UL assignment, the DL and UL resources in a DL/UL switching periodicity are explicitly informed to the UEs, and the leftover resources without indication are unknown resources.
Proposal 6: The DL/UL switching periodicity for the semi-static assignment is signalled in cell-specific higher layer signalling and in units of milliseconds.

Proposal 7: For DL/UL switching periodicity of 5ms or 10ms, the indication for DL/UL resources is in granularity of milliseconds. For DL/UL switching periodicity of 0.5ms, 1ms, and 2ms, the granularity for indication for DL/UL resources is FFS among slot, or symbol, or the combination of slot and symbol. 
Appendix
Agreement lists related to semi-static DL and UL transmission assignment and SFI.
	Semi-static DL and UL transmission assignment 

	Agreements:
· From UE signaling perspective,

· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings

· A periodicity where the configuration applies; 

· FFS: Detailed periodicity set; 

· FFS: how to achieve the signaling of periodicity

· A subset of resources with fixed DL transmission;

· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;

· A subset of resources with fixed UL transmission;

· Resources with fixed UL transmission happens in the ending part of the periodicity is supported;

· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;

· FFS: Other resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank” can be considered as “flexible resource”, where transmission direction can be changed dynamically.
Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:

· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;

· Each periodicity is supported for particular SCS(s)/slot duration(s)

· FFS: details

Agreements:
· Strive for unified design regardless of whether the DL/UL resource partition is dynamic or semi-static

· UE behaviors at least the following are common regardless of whether the DL/UL resource partition is dynamic or semi-static:

· Scheduling timing between control to the scheduled data

· HARQ-ACK feedback including timing

· Strive for a limited number of semi-static DL/UL resource partition.

· NR may include tools motivated by either dynamic or semi-static.

· FFS: UE behavior if there is a conflict between dynamic and semi-static signaling.

Agreements:

· 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



	Group-common PDCCH

	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
Agreements:
· In ‘Slot format related information’, ‘Empty’ is not indicated explicitly.

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources are for ‘CSI/interference measurement’.
Working assumption:
·  ‘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)

· ‘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.
Agreements:

· 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)

· ‘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.
Agreements:

· 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)
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