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Introduction
The agreements related to DL/UL direction in RAN1#88b are follows.
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.

This contribution shows our view on DL/UL transmission direction.
Discussion
Semi-static DL/UL direction
We see following cases need the discussion on semi-static transmission direction

1) common channel
The symbols with PSS/SSS/PBCH/RS for mobility/RACH can be fixed direction. The locations of those channels are fixed before UE receive higher layer signalling for the semi-static assignment of DL/UL transmission direction. Even if those symbols are configured as flexible resources in semi-static transmission direction, the DL/UL transmission direction is fixed. It is FFS whether the periodicity of PSS/SSS/PBCH is extended than default. RS for mobility used for the neighbour cells needs to be fixed direction but it could be flexible resource if the measurement is restricted within the serving cell. Certain RACH resource needs to be fixed direction but some RACH can be located within flexible resource.


2) coexistence with other operation
The motivations of semi-statically DL/UL transmission direction are following three cases.
–	Efficient coexistence between adjacent carriers of different operators
–	Efficient coexistence between NR and LTE
–	Efficient operation in macro deployment scenarios
However, it is not always necessary that all DL/UL direction of all slots is fixed. In coexistence between different operators, some slots can be used for dynamic transmission direction with low power. In coexistence between NR and LTE, if some subframes are operated as almost blank subframes or non-scheduled UL subframes in LTE, NR could be operated as dynamic transmission direction indication in these subframes.

3) mMTC cases
In case of wider coverage extension of mMTC with large repetition, to change transmission direction dynamically in short period is impossible as the number of the repetition can be longer than the change periodicity of dynamic transmission direction. Therefore, semi-static slot transmission direction is required.
In the other types of the operation like eMBB and URLLC with unicast, transmission direction indication by dynamic manner is possible. 

Based on the above discussion, some slot/symbol transmission directions are semi-statically decided and the remaining slots/symbol transmission directions are dynamically decided. Therefore, in semi-static transmission direction, slot with flexible resources should be supported.

For the granularity of DL length and UL length in a slot, symbol level is preferred for flexibility. Even if higher layer signalling is slightly increased, enough flexibility should be supported taking into account future forward compatibility. In a slot, DL is located from the start of a slot and UL is located from the end of a slot. The higher layer signaling can indicate DL symbol length from the start of a slot and UL symbol length from the end of a slot. The length includes 0 (no DL symbol or no UL symbol). The symbols are not allocated for both DL and UL are flexible resources as shown in Figure 1. The DL/UL direction of flexible resources is indicated by dynamic signalling. We don't see the need of the differentiation between "reserved/blank" and "flexible resource" in semi-static transmission direction.
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gNB can configure multiple configurations of slot DL/UL direction to a UE over some periodicity. It is FFS detailed periodicity set for semi-static assignment of DL/UL transmission direction. At least to align with LTE, 10msec period is necessary. With some periodicity, bit map indicates one of configurations to each slot.

Proposal 1:The symbols with PSS, SSS, PBCH, RS for mobility and RACH can be fixed direction even if those are configured as flexible resources in slot configuration.
Proposal 2: In semi-static signalling, the granularity of DL length and UL length in a slot is symbol level. The higher layer signalling indicates DL symbol length from the start of a slot and UL symbol length from the end of a slot.
Proposal 3: The symbols are not allocated for both DL and UL in semi-static are flexible resources.

The relation of semi-static DL/UL direction and dynamic DL/UL direction 
Group common PDCCH and/or unicast PDCCH can indicate DL/UL transmission direction of flexible resources of semi-static configuration. In group common PDCCH, as 'slot format related information', it was agreed to indicate 'DL', 'UL (for Rel-15)' and 'other'. The UL direction of group common PDCCH can be used for dynamic variation of PUCCH and SRS resources for UE without allocation of PUSCH. The DL direction of group common PDCCH can limit the number of monitoring CORESET and used for dynamic variation of CSI-RS. However, as discussed in [1], the network is not required to transmit group common PDCCH in every slot. UE can be configured not to receive Group common PDCCH in every slot. Unicast PDCCH can also indicate DL/UL transmission direction by indication of the starting symbol and length of PDSCH and PUSCH.
If UE receives dynamic indication of opposite direction in semi-static DL and UL symbols, UE think it is error. 
Proposal 4: Group common PDCCH and/or unicast PDCCH can indicate DL/UL transmission direction of flexible resources in semi-static configuration. If UE receives dynamic indication of opposite direction in semi-static DL and UL symbols, UE think it is error.

The relation of group common PDCCH and Unicast PDCCH
As there is unicast PDCCH, the resource usage combination can be expressed by the following table. When both group common PDCCH and unicast PDCCH inform the same direction, UE follow the direction. When group common PDCCH and unicast inform the opposite direction, UE assume this is error. When group common PDCCH informs other and unicast informs either DL or UL, UE follows the unicast direction. UL resource usage without unicast PDCCH, i.e. periodic PUCCH and SRS, are operated by the condition that group common PDCCH is UL and no PDCCH reception case.
Table.1 Resource indication combination (symbol level judgement) 
	Group common PDCCH
	Unicast PDCCH
	UE final assumption

	DL
	DL
	DL

	
	UL
	Error

	
	No reception of unicast PDCCH or
unicast PDCCH does not indicate the direction.
	DL

	UL
	DL
	Error

	
	UL
	UL

	
	No reception of unicast PDCCH or
unicast PDCCH does not indicate the direction.
	UL

	Other
	DL
	DL

	
	UL
	UL

	
	No reception of unicast PDCCH or
unicast PDCCH does not indicate the direction.
	No assumption

	No group common PDCCH reception
or 
no group common PDCCH configuration
	DL
	DL

	
	UL
	UL

	
	No reception of unicast PDCCH or
unicast PDCCH does not indicate the direction.
	No assumption



Proposal 5: When both group common PDCCH and unicast PDCCH inform the same direction, UE follow the direction. When group common PDCCH and unicast inform the opposite direction, UE assume this is error. When group common PDCCH informs other and unicast informs either DL or UL, UE follows the unicast direction. When group common PDCCH is not received, UE follows the unicast direction.

Conclusion
We propose following.
Proposal 1:The symbols with PSS, SSS, PBCH, RS for mobility and RACH can be fixed direction even if those are configured as flexible resources in slot configuration.
Proposal 2: In semi-static signalling, the granularity of DL length and UL length in a slot is symbol level. The higher layer signalling indicates DL symbol length from the start of a slot and UL symbol length from the end of a slot.
Proposal 3: The symbols are not allocated for both DL and UL in semi-static are flexible resources.
Proposal 4: Group common PDCCH and/or unicast PDCCH can indicate DL/UL transmission direction of flexible resources in semi-static configuration. If UE receives dynamic indication of opposite direction in semi-static DL and UL symbols, UE think it is error.
Proposal 5: When both group common PDCCH and unicast PDCCH inform the same direction, UE follow the direction. When group common PDCCH and unicast inform the opposite direction, UE assume this is error. When group common PDCCH informs other and unicast informs either DL or UL, UE follows the unicast direction. When group common PDCCH is not received, UE follows the unicast direction.
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