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1 Introduction

RAN1 has sent an LS to RAN2 about the PDCCH design and the impacts on RAN2, which are:
· Subframes and slots

· A subframe has a duration of 1 ms regardless of the numerology and serves as a time reference only (and is not a scheduling unit).

· A slot is 7 or 14 OFDM symbols long (for normal cyclic prefix) and the duration in ms will therefore depend on the numerology used. Extended cyclic prefix is supported for 60 kHz subcarrier spacing only with corresponding slot lengths of 6 or 12 symbols. Slots of length 7 (or 6) symbols are supported for subcarrier spacings of 15 kHz, 30 kHz, and 60 kHz only. 

· Note: At RAN1#86bis the following was agreed: “For SCS of up to 60kHz with NCP, y = 7 and 14. FFS: whether/which to down select for certain SCS(s)”

· PDCCH candidates are monitored using search spaces where a search space uses resources in a control resource set  (CORESET)

· One or multiple (CORESETs) can be configured for a UE. 

· The CORESET bandwidth is smaller than or equal to the carrier bandwidth

· Working assumption that the CORESET duration is configurable; 1-2 OFDM symbols for carrier bandwidths >X resource blocks and 1-3 OFDM symbols for bandwidths ≤X resource blocks where X is FFS.

· One CORESET is configured by the MIB in the PBCH

· For a CORESET which is configured by UE-specific higher-layer signalling, at least the following parameters are configured,
· Frequency-domain resources, which may or may not be contiguous
· Starting OFDM symbol and time duration

· REG bundle size if the configuration is explicit

· Transmission type (i.e., interleaved or non-interleaved)

· For a CORESET which is configured by UE-specific higher-layer signalling , the occasions where a UE should monitor for PDCCH candidates (‘PDCCH monitoring occasion’) are configurable

· The configuration details are not yet agreed

· A UE can be configured to monitor for PDCCH candidates more frequently than once per slot and support data transmissions covering only part of a slot.

· A UE can be configured to monitor the PDCCH on one or more beam pair links in the same or in different symbols
In this contribution, we discuss the modeling of PDCCH monitoring occasion and the TTI based on the agreements from RAN1.
2 Discussion
LTE time units
In LTE, there are several time units defined.

· Subframe: A subframe has a duration of 1 ms;

· PDCCH-subframe: Refers to a subframe with PDCCH. This represents the union over PDCCH-subframes for all serving cells excluding cells configured with cross carrier scheduling for both uplink and downlink.

· PDCCH period (pp): Refers to the interval between the start of two consecutive PDCCH occasions and depends on the currently used PDCCH search space [2]. A PDCCH occasion is the start of a search space and is defined by subframe k0 as specified in section 16.6 of [2].
· TTI: the definition is not given in 36.321, according to WiKi “TTI, Transmission Time Interval, is a parameter in UMTS (and other digital telecommunication networks) related to encapsulation of data from higher layers into frames for transmission on the radio link layer. TTI refers to the duration of a transmission on the radio link. The TTI is related to the size of the data blocks passed from the higher network layers to the radio link layer.” [refer]
Since TTI and subframe in LTE are both 1ms, TTI is used as many usages. For example:
	TTI usage
	Example from 36.321

	Period of PDCCH occasion
	When the MAC entity has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the MAC entity shall for each TTI during which it monitors PDCCH and for each Serving Cell

	PDSCH&PUSCH duration
	if a downlink assignment for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s SC-RNTI or G-RNTI:
if an uplink grant for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI or Temporary C-RNTI; or

	Time unit
	Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI


Observation 1 In LTE, TTI can be used as period of two consecutive PDCCH occasion, duration of the PDSCH/PDSCH and basic time unit (1 ms);
MAC modelling on PDCCH monitoring occasion
Based on RAN1 agreements, the definition of CORESET is:
· PDCCH candidates are monitored using search spaces where a search space uses resources in a control resource set (CORESET).
One or multiple CORESET(s) can be configured to a UE, where the configuration of a CORESET (configured by UE specific high layer signalling) including at least starting OFDM symbol, time duration and monitoring periodicity. An example of one configured CORESET with 1 OFDM duration and 7 OFDM symbols period is shown in the following figure, compared with LTE, there could be several PDCCH monitoring occasion, e.g., 4 per subframe in the figure.

[image: image1]
The definition of the PDCCH monitoring occasion in MAC, based on RAN1 agreements, is the start of a search space where search space uses resources in a specific CORESET. The PDCCH monitoring occasion can be used instead of “NR-UNIT” or “TTI” in the current drafted TS 38.321 when referring to a time point from which the UE is configured to monitor PDCCH in a specific CORESET. 
The subframe in NR has a duration of 1 ms regardless of the numerology and serves as a time reference only (and is not a scheduling unit). In a subframe, there could be more than 1 PDCCH monitoring occasion. The PDCCH-subframe can be defined as the subframe with at least one PDCCH. The PDCCH-subframe is used as time unit of “NR-UNIT” or “TTI” in the current drafting TS38.321 for timers when counting time for which the UE is required to monitor PDCCH.

Proposal 1 Define the PDCCH monitoring occasion in TS 38.321 as the start of a search space where search space uses resources in a specific CORESET.
Proposal 2 PDCCH monitoring occasion is used instead of “NR-UNIT” or “TTI” when referring to a time point from which the UE is configured to monitor PDCCH, in TS 38.321.
Proposal 3 Define the PDCCH-subframe as a subframe with at least one PDCCH.
Proposal 4 PDCCH-subframe is used as time unit instead of “NR-UNIT” or “TTI” for timers when counting time for which the UE is required to monitor PDCCH in TS 38.321.
MAC modelling on TTI
TTI duration refers to the duration of a data transmission which is decoupled with the PDCCH monitoring occasion. In LTE, TTI is fixed to 1 ms, i.e., a subframe, however, based on RAN1 agreements, the duration of the data transmission (PDSCH/PUSCH) can be semi-statically configured (by RRC) or dynamically signalled (by DCI). 
Proposal 5 TTI duration refers to the duration of a data transmission (PDSCH/PUSCH) in TS 38.321.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
In LTE, TTI can be used as period of two consecutive PDCCH occasion, duration of the PDSCH/PDSCH and basic time unit (1 ms);
Proposal 1
Define the PDCCH monitoring occasion in TS 38.321 as the start of a search space where search space uses resources in a specific CORESET.
Proposal 2
PDCCH monitoring occasion is used instead of “NR-UNIT” or “TTI” when referring to a time point from which the UE is configured to monitor PDCCH, in TS 38.321.
Proposal 3
Define the PDCCH-subframe as a subframe with at least one PDCCH.
Proposal 4
PDCCH-subframe is used as time unit instead of “NR-UNIT” or “TTI” for timers when counting time for which the UE is required to monitor PDCCH in TS 38.321.
Proposal 5
TTI duration refers to the duration of a data transmission (PDSCH/PUSCH) in TS 38.321.
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