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1 Introduction
For NR duplexing flexibility, the following conclusions are achieved in the RAN1#87 meeting [1]:
	Agreements:

· Referring to TR 38.913, the terminology of “duplexing flexibility” in NR means at least one of the following mechanisms to manage resources flexibly for uplink and downlink for both paired and unpaired spectrum. 

· 1) UL and DL usage is flexibly changed in time domain in unpaired spectrum. 

· 2) UL and DL usage is flexibly changed in time domain in UL band in paired spectrum 

· 3) UL and DL usage is flexibly changed in time domain in DL band in paired spectrum 

· Note: the definition of the above terminology is not intended to have impact on prioritizing discussion on any of the above mechanisms
Agreements:

· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner

· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

· Note: the applicability of the above bullets in terms of spectra is a separate discussion


For the indication of slot structure in NR, ‘group common PDCCH’  has been agreed to carry the corresponding information, and the agreements in RAN1 Ad Hoc meeting [2] are made as follow:
	Agreements:
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 

· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.

· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not

· Common does not necessarily imply common per cell.

· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.



For duplexing flexibility, the corresponding components of system design have to be considered with the new feature, i.e., per-slot DL/UL resources allocation. This contribution mainly discusses the potential impacts on specification for system design of duplexing flexibility. 
2 Discussion
For the system design of duplexing flexibility, there are lots of components, in which some key components are affected by the new features of NR. To highlight the potential impacts on specification, we focus discussions on the following aspects: synchronization, HARQ/scheduling timing, random access, CSI measurement and reporting, control channel aspects and power control.
2.1 Synchronization
For synchronization procedure in NR, SS block is defined as a time unit which carries PSS, SSS and/or PBCH corresponding to one or a set of beams.  SS burst comprises one or more consecutive resources for nominal SS block transmission. And SS burst set with a fixed periodicity is composed of one or more SS bursts [2]. It has been agreed that the NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position and the NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position [3]. 
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Figure 1. SS Block for DL-dominant slot/DL-only slot
For duplexing flexibility, the slot formats can be more than one type, for example, the UL-only slot/UL-dominant slot, DL-only slot/DL-dominant slot, in which DL-only slot and/or DL-dominant slot can be used to carry the SS Block. Figure 1 shows DL-only slot and DL-dominant slot that can carry SS Block. The straightforward way is to predefine one fixed format to carry the SS Block, for example, only DL-only slot can be adopted to carry SS Block. However, if there exists only one predefined slot format to carry SS Block, the flexibility of DL/UL transmission scheduling would be decreased. To guarantee the flexibility of DL/UL allocation as much as possible, multiple slot formats can be considered to carry SS Block. For example, both DL-only slot and DL-dominant slot can be used to carry SS Block. The resources reserved for SS Block in these two different slot formats need to be designed to enable the UE in initial access mode to detect SS Block irrespective of the slot format. Specifically, these reserved resources are definitely fixed DL, while other resources within the same slot are not necessarily fixed DL. But there can be no additional specification impact on this. Once the time transmitting SS block is determined, network only has to select the legal slot format to carry it at this particular time. From UEs’ perspective, they don’t have to understand the exact slot format when detecting SS block even though multiple slot formats can carry it.
Observation 1: The introduction of duplexing flexibility would not bring potential impacts on the synchronization design of NR. 
2.2 HARQ/scheduling timing

Flexible HARQ/scheduling time is required for NR duplexing flexibility. It has been agreed that the HARQ timing between data transmission and corresponding ACK/NACK feedback can be indicated dynamically. Furthermore, it has been agreed that the scheduling timing between UL grant/DL assignment and UL data/DL data can also be indicated dynamically by a field in the DCI from a set of values, which is configured by higher layer [2]. As depicted in Figure 2, the mechanism of dynamic indication on HARQ/scheduling timing can  efficiently support duplexing flexibility, provided sufficiently flexible values chosen for the HARQ/scheduling timing. 
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Figure 2. An example for scheduling timing between DL assignment and the corresponding DL transmission.
In general, once the scheduling is made by gNB, it is not preferable to disable the grant/assignment indicated to the UE. Under this assumption, the current designs of HARQ/Scheduling timing of NR can enable flexible HARQ/Scheduling timing in the case of per-slot DL/UL flexible resources allocation.  
Observation 2: The mechanism of dynamic indication on HARQ/scheduling timing can  efficiently support duplexing flexibility, provided sufficiently flexible values chosen for the HARQ/scheduling timing.
2.3 Random access       

In LTE, a set of the PRACH preambles and RACH resources are broadcasted to all the UEs in one cell through the system information [4]. UE obtains the PRACH configuration in SIB and then determines the available PRACH resources. For LTE TDD, the random access preamble mapping in time and frequency is based on TDD UL/DL configuration. At least RACH preamble formats with longer preamble length and shorter preamble length have been agreed to be supported in NR[3]. For PRACH resources configuration in NR, it has to fit the dynamic DL/UL resources allocation on the basis of per-slot. With dynamic DL/UL resources allocation on the basis of per-slot and without UL/DL configuration, how to acquire the available PRACH resources (Frequency/Time, especially for time resources) and how to transmit PRACH at UE needs to be considered. 
2.4 CSI measurement and reporting
For CSI measurement in LTE, one UE can be congifured with up to two CSI-IM resources for a process if the UE is configured with two different CSI subframe sets by higher layer parameter for the CSI preocess. NR supports ZP CSI-RS based interference measurement for CSI feedback [5]. In addition, NR supports aperiodic, semi-persistent (as a working assumption), and periodic IMR based on ZP CSI-RS for interference measurement for CSI feedback. For duplexing flexibility, the interference conditions would vary rapidly among different slots, how to maintain the accurate and effective measurement and reporting based on slot sets has to be considered. 

Proposal 1: CSI measurement and reporting based on slot sets need to be considered for duplexing flexibility, including per-slot DL/UL flexible resources allocation.
2.5 Control channel
NR supports ‘group-common PDCCH’ carrying information related to the slot format, and UE can derive the UL and DL part by detecting group-common PDCCH [2]. And in NR there exists multiple slot formats , e.g., UL-only slot/UL-dominant slot, DL-only slot/DL-dominant slot. It is necessary to consider how to indicate the slot format by group-common PDCCH and what the granularity of group-common PDCCH is in the case of per-slot DL/UL flexible resources allocation.   
Proposal 2: How to indicate the slot structure by a group-common PDCCH , and the granularity of the group-common PDCCH needs to be considered for duplexing flexibility, including per-slot DL/UL flexible resource allocation.
2.6 Power control

In RAN1#87 [1], it has been agreed that NR should support dynamically assigned transmission directions at least for data on a per-slot basis. The dynamic indication of some power control parameters in LTE is based on the DL/UL configuration. For instance, UE can obtain its TPC parameter indicated in DCI and determine the corresponding closed-loop transmission power according to the UL/DL configuration. However, the dynamic indication of UL power control parameters has to be designed with the consideration of per-slot DL/UL resources allocation in NR. 
In eIMTA, based on the predefined DL/UL configurations, two different slot sets, i.e., fixed slot set and flexible slot set, are defined to distinguish different types of inter-cell interference, and different parameter sets are predefined for these two slot sets respectively for UL power control [6]. However, the per-slot DL/UL resouces allocation would result in more variable conditions of cross-link interference, which has to be considerd for UL power control. For this issue, some schemes that take the cross-link interference into account to determine the UL transmission power based on the long-term/short-term measurement of cross-link interference are discussed in our companion contribution [7].
Proposal 3: Power control of NR duplexing flexibility needs to be designed to accommodate the per-slot DL/UL flexible resources allocation. 
3 Conclusions
In this contribution, discussions are focused on the potential impacts on specification for the key components in the system design of duplexing flexibility. And some observations and proposals are given as follow:
Observation 1: The introduction of duplexing flexibility would not bring potential impacts on the synchronization design of NR. 
Observation 2: The mechanism of dynamic indication on HARQ/scheduling timing can  efficiently support duplexing flexibility, provided sufficiently flexible values chosen for the HARQ/scheduling timing.
Proposal 1: CSI measurement and reporting based on slot sets need to be considered for duplexing flexibility, including per-slot DL/UL flexible resources allocation.
Proposal 2: How to indicate the slot structure by a group-common PDCCH , and the granularity of the group-common PDCCH needs to be considered for duplexing flexibility, including per-slot DL/UL flexible resource allocation.
Proposal 3: Power control of NR duplexing flexibility needs to be designed to accommodate the per-slot DL/UL flexible resources allocation. 
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