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1. Introduction

In previous RAN1 meetings, the following agreements for the semi-static DL and UL transmission and group-common PDCCH have been made [1]
	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.




	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’.


In this contribution, we will discuss detailed signalling aspect for semi-static DL and UL transmission assignment and UE behaviour related to possible conflict between semi-static signalling and dynamic signalling.
2. Discussion on signalling aspects for semi-static DL and UL transmission assignment
Based on the agreement for the semi-static DL and UL transmission assignment, some FFS issues still need to be addressed. In the following, several FFS aspects are discussed.
1) how to achieve the signalling of periodicity
Based on the current agreement, the values of periodicities include 0.5ms, 1ms, 2ms, 5ms, 10ms. One most straightforward way is to signalling the values by higher layer signalling in units of milliseconds. In addition, it is recommended to signal the periodicities in RMSI, so as to allow the DL/UL switching periodicity to assist UEs acquire essential information and perform random access. 
Proposal1: it is recommended to signal the periodicities in RMSI in units of milliseconds.

2) granularity for the assignment of DL and UL resource sets
For 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 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 number 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 pre-definition in spec. One simple example is shown in Table4. In addition, if it is required to further saving 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


Proposal2: For periodicity of 5ms or 10ms, the indication for DL/UL resources can be in granularity of milliseconds. For periodicity of 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.
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) Resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank”
It is recommended to allow other resources not indicated by higher layer signalling as "fixed UL" or "fixed DL" or "reserved/blank" can be considered as "flexible resource", where transmission direction can be changed dynamically. On a granularity of flexible resource, UE detects DCI in the control region of this resource, unless obtaining specific indication such as scheduling, HARQ timing, dynamic slot-type indication, DRX etc.

Proposal3: it is recommended to allow 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.
3. Discussion on UE behaviour related to conflict in symbol/slot type

According to agreement in RAN1 #88 meeting, DL/UL transmission direction for NR could be semi-static configured by higher layer signaling. As discussed in [2], semi-static configured DL/UL time resource could be used to transmit essential signals. Besides DL/UL resources, part of other resources may be semi-static configured as ‘unknown’ resources for forward compatibility. UE shall not assume anything on the unknown resources. Considering the above motivations of semi-static signaling of DL/UL/unknown transmission direction for NR, it is proposed that semi-static signaling/configuration of DL/UL/unknown transmission direction should take precedence in case of a conflict in the indicated symbol type received from SFI in group-common PDCCH and semi-static signaling/configuration.
Proposal 4: UE ignores or is not expected to receive any SFI for indicating transmission direction of symbols on semi-static configured UL/DL/unknown resources.

Besides semi-static configured DL/UL/unknown resources, other resource could be predefined or semi-static configured as flexible resources. On flexible resources, UE could obtain the symbol/slot type via SFI in group-common PDCCH, other broadcast DCI and/or UE-specific DCI. 
In a scenario where URLLC traffic is deployed, partial bandwidth on flexible time resources may be reserved for URLLC traffic and the remaining bandwidth could be used for eMBB traffic. In this scenario, a UE with eMBB traffic could be scheduled on a flexible time resource for DL reception or UL transmission via DCI. For details, DCI could indicate the following timing:
· k0: Timing between DL assignment and corresponding DL data transmission

· k1: Timing between UL assignment and corresponding UL data transmission
· k2: Timing between DL data reception and corresponding acknowledgement
Where k0,k1,k2 may be equal or larger than 0, the detailed values are FFS. The UE could obtain the transmission direction on the scheduled time resource via DCI. However, if k0,k1 and/or k2 is larger than 0, it is possible that transmission direction on the corresponding time resource is overridden by SFI in group-common PDCCH because of URLLC traffic of other UE, where SFI indicates the slot format related information for one or more slots behind SFI transmission time. In this case, the following situations may happen in different detailed conditions:

· if the eMBB UE continues receiving PDSCH but the resource is overridden by UL URLLC traffic, the eMBB UE will receive nothing and that will cause a NACK reporting;
· if the eMBB UE continues transmitting PUSCH/PUCCH but the resource is overridden by DL URLLC traffic, the eMBB UE will cause cross-link interference to the URLLC UE which is receiving DL data.
To prioritize the URLLC traffic, SFI in group-common PDCCH should take precedence on flexible resources in case of a conflict in the indicated symbol type received from SFI in group-common PDCCH and other UE-specific DCI. For details, UE behavior is analysed as following:
· In condition of PDSCH overridden by UL, UE could assume there is no PDSCH on the corresponding time resource. Furthermore, UE may or may not report NACK corresponding to the PDSCH to gNB. 

· In condition of PUSCH/PUCCH overridden by DL, UE should not transmit PUSCH/PUCCH on the corresponding time resource. Furthermore,
· UE may retransmit the PUSCH according to additional UL grant which may arrive later.
· UE could retransmit the PUCCH on the following available UL resource. The retransmitted PUCCH(s) and possible initial transmitted PUCCH may be bundled or multiplexed on the available UL resource.
Proposal 5: SFI in group-common PDCCH should take precedence on flexible resources in case of a conflict in the indicated symbol type received from SFI in group-common PDCCH and other UE-specific DCI.

3. Conclusions 
In this contribution, UE behaviour related to conflict in symbol/slot type on dynamic and semi-static configured resources is discussed, and the following proposals are made:

Proposal1: it is recommended to signal the periodicities in RMSI in units of milliseconds.

Proposal2: For periodicity of 5ms or 10ms, the indication for DL/UL resources can be in granularity of milliseconds. For periodicity of 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.
Proposal3: it is recommended to allow 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.
Proposal 4: UE ignores or is not expected to receive any SFI for indicating transmission direction of symbols on semi-static configured UL/DL/unknown resources.

Proposal 5: SFI in group-common PDCCH should take precedence on flexible resources in case of a conflict in the indicated symbol type received from SFI in group-common PDCCH and other UE-specific DCI.
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