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Introduction
In RAN1, it was agreed that flexible TDD, TDD operation with semi-static UL-DL configuration, and FDD are to be supported in NR. The details are still being discussed. Some agreements from RAN1-AdHoc#3, 2017 [1] are presented below for reference:
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:
· 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

For MAC, the PDCCH monitoring behaviour has relevance to scheduling behaviour and UE power consumption. This paper investigates the PDCCH monitoring with duplexing mode taken into considered.
[bookmark: _Ref178064866]Discussion
For a connected UE, the PDCCH monitoring behaviour shall be explicitly defined so that the network knows when to send PDCCH to the UE for UL/DL scheduling and the connected UE knows when to monitor PDCCH. PDCCH is designed to carry scheduling commands and some other physical layer commands such as TPC and PDCCH orders. In one aspect, PDCCH monitoring is important for providing good service, i.e. enable efficient UL-DL data transmission. However, PDCCH monitoring also consumes power in the UE. Therefore, it is valuable to explicitly define the PDCCH monitoring behaviour in MAC layers considering both good service  and UE power consumption.
[image: ]
[bookmark: _Ref494270966]Figure 1 – 5 factors to be considered in PDCCH monitoring
A number of the factors below could be considered in determining the PDCCH monitoring behaviour. Figure 1 above shows the cases for discussing PDCCH monitoring by referring to the UE behaviour in LTE.
· Duplexing mode
· [bookmark: _GoBack]In Figure 1a, typical FDD duplexing mode is illustrated: carrier f_x is a DL carrier and carrier f_y is an UL carrier. A UE only monitors PDCCH in configured CORESETs in DL carrier.
· In Figure 1b, a carrier f_z with flexible TDD duplexing is illustrated. If CORESET is configured in f_z for a UE, the UE monitors CORESETs configured in flexible slots. However, if a flexible slot is scheduled for UL transmission, the UE does not monitor the PDCCH in the slot.
· In Figure 1c, an example of semi-static UL-DL configuration is illustrated. A UE can determine the uplink slots in which no PDCCH will be transmitted, so that the UE does not monitor the PDCCH according to CORESET configured in these slots, however, avoiding CORESET in uplink slots can also be handled by network configuration.
· DRX operation
· In Figure 1d, a brief DRX operation mode is illustrated. A UE shall monitor the PDCCH during on-duration and active slots determined by inactivity timer and/or retransmission timers. In other slots, the UE can go to sleep without monitoring PDCCH for power saving.
· Measurement gap
· In Figure 1e, a measurement gap example for a UE is illustrated wherein the gap occurs a number of times in a preconfigured periodicity. During the measurement gap, the UE switches to another carrier frequency for measurement such that the UE is not able to monitor the PDCCH in the serving carrier anymore. While in the non-gap period, the UE can still monitor PDCCH according to CORESET configuration.
Based on the above investigation, we propose:
[bookmark: _Toc494276337][bookmark: _Toc494282994][bookmark: _Toc494283101][bookmark: _Toc494283123][bookmark: _Toc494355891][bookmark: _Toc497727693]A UE in connected mode monitors PDCCH according to its CORESETs, unless:
a. [bookmark: _Toc494276338][bookmark: _Toc494282995][bookmark: _Toc494283102][bookmark: _Toc494283124][bookmark: _Toc494355892][bookmark: _Toc497727694]The UE is unable to read the CORESETs during UL transmission in the same carrier, wherein the UL transmission overlaps in time with the CORESETs; or
b. [bookmark: _Toc494276340][bookmark: _Toc494282997][bookmark: _Toc494283104][bookmark: _Toc494283126][bookmark: _Toc494355894][bookmark: _Toc497727696]The UE is not in active time according to DRX configuration; or
c. [bookmark: _Toc494276341][bookmark: _Toc494282998][bookmark: _Toc494283105][bookmark: _Toc494283127][bookmark: _Toc494355895][bookmark: _Toc497727697]The UE is in a measurement gap.
A special case is when a measurement gap of a UE may overlap with the RAR monitoring window for the UE after random access preamble transmission. In LTE, the RAR monitoring is prioritized over the configured measurements corresponding to the measurement gap, i.e. the UE shall monitor the PDCCH of SpCell for RAR identified by the RA-RNTI. We do not see the reason to change this. Figure 2 shows an example where a UE continues RAR monitoring when a measurement gap ocurrs.
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[bookmark: _Ref496773212]Figure 2 RAR monitoring regardless of measurement gap ocurrance
[bookmark: _Toc497727698]UE monitors PDCCH for RAR transmission in SpCell regardless of measurement gap occurance
Text proposal to TS 38.321
[bookmark: _Toc491782017]5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously. When using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification with the following exceptions:
-	a measurement gap is “active”
-	the UE has been scheduled to perform a UL transmission in the same cell and the UE is unable to perform this transmission and monitor PDCCH simultaneously;
...


Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	A UE in Connected mode monitors PDCCH according to its CORESET in a slot, unless:
a.	The UE has been scheduled for a UL transmission in the slot; or
b.	The slot is an uplink slot according to the semi-static UL-DL configuration; or
c.	The UE is in sleep according to DRX operation configuration; or
d.	The UE is in a measurement gap.
Proposal 2	UE monitors PDCCH for RAR transmission in SpCell regardless of measurement gap occurance
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