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1 Introduction
In RAN2 #97bis meeting, the follow agreements have been achieved:
	· A MAC entity can be in one DRX state (i.e. single on/off time) at any given time.  FFS if multiple configuration are supported.
· When MAC entity is awake it monitors “PDCCH” occasion


At the RAN2 #98 meeting, the actual meaning of PDCCH monitoring occasion was discussed in [1][2][3], but no agreements were achieved. In RAN1 NR AH meeting in June, following agreements were achieved [4]:

	· 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.
· 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 intend to analyse the MAC modelling of PDCCH in details.
2 Discussion
In LTE, PDCCH impacts the behavior of MAC, e.g. HARQ procedure needs to monitor PDCCH for each TTI, and the DRX operation impacts the MAC behavior of PDCCH monitoring etc. It is quite clear of the definition of PDCCH period (pp) in LTE because only a single numerology is supported. However, in NR, PDCCH may need to be revisited thereby impacting MAC modeling of PDCCH monitoring in support of multiple numerologies. In the rest of this paper, we mainly discuss the CORESET related to PDCCH monitoring and TTI in MAC according to RAN1.
2.1 MAC impact of CORESET
PDCCH-subframe/TTI is used as time unit for PDCCH monitoring in LTE. The MAC entity shall monitor PDCCH in every PDCCH-subframe/TTI when the UE is in Active Time. In NR, RAN1 has defined slot in NR as 7 or 14 OFDM symbols for the same subcarrier spacing of up to 60kHz with normal CP and as 14 OFDM symbols for the same subcarrier spacing higher than 60kHz with normal CP, and mini-slot is also defined and one mini-slot can have one symbol for above 6GHz and at least 2 is supported for URLLC. Hence, multiple CORESETs could be configured for one UE in support of multiple numerologies, that is to say, PDCCH occasions would be quite different for different cases. This will impact the DRX if multiple CORESETs are available in one sub-frame because the UE should wake up at the right time in order to receive CORESET. So, PDCCH-subframe is no more suitable in NR and TTI with flexible length based on CORESET would be preferred. 
Based on the content in [4], the configurations of CORESET and PDCCH monitoring occasion are separated. The CORESET configuration focuses on the POSSIBLE DCI position, and more accurate DCI position is defined by PDCCH monitoring occasion exactly. An example is shown in figure 1.
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Figure 1: CORESET and PDCCH monitoring occasion
In figure 1, two CORESETs are configured to UE, CORESET 1 is in yellow rectangle, which occupies one symbol, and CORESET 2 is in grey rectangle, which occupies two symbols. Based on these 2 CORESETs, the PDCCH monitoring occasions are given as following rules:
· For CORSET 1, UE monitors every CORESET 1
· For CORSET 2, UE monitors every two CORESET2
Although PDCCH occasion is used in LTE MAC, it is used to present the timing of certain operation, e.g. DRX or HARQ timing. While CORESET is physical layer term and is used by physical layer to receive and decode control information on the right time and exact resource. From RAN2 point of view, it is no need to know how does physical layer receive and decode PDCCH on the right time, i.e. CORESET is invisible to MAC, and we can just use PDCCH occasion as a term for timing. Without DRX configuration, it is reasonable for UE to monitor all the PDCCH occasions which are configured by gNB.
Proposal 1: 
CORESET is invisible to MAC, and PDCCH monitoring occasion is used in MAC for the timing of operation, e.g. DRX or HARQ.
Proposal 2: 
Without DRX configuration, the MAC entity shall monitor corresponding CORESET in every PDCCH monitoring occasion.

2.2 MAC impact of TTI

In LTE, TTI is used as the time unit for scheduling, with the length of one subframe. With the introduction of numerology, TTI length is no longer fixed to 1ms in NR. RAN1 has agreed the definition of numerology includes SCS and CP, not includes the TTI [5]. However, from MAC point of view, TTI means the transmission duration for a TB, and this definition is useful to determine the beginning of occasion for HARQ retransmission.
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Figure 2: different TB duration and different HARQ RTT
In the example of figure 2, UE receives the 1st transmission, fails to decode this TB, indicates NACK to gNB, and waits for the 2nd transmission after duration of T_wait, i.e. HARQ RTT timer.  How to define the duration of T_wait?  Because of unsynchronized HARQ transmission, the value of T_wati could be set to 0 in theory. However, in LTE, this duration is set to a value above zero in order to save power consuming for UE, and the other HARQ processes could also transmit their data in this duration. In NR, there is no extra reason to reverse this rule, that is to say, the HARQ RTT is also useful in NR. 

If T_wait shall be set to a value above zero, the next issue is how to set this value. Usually, MAC selects the packets to fill the TB based on the numerology and TB duration, so the packets in the first transmission are suitable to be transmitted in this TB duration. From the Qos point of view, if one packet could be transmitted via a TB of longer TB duration, it could also be configured a longer duration of T_wait. For the option 1 in figure 2, UE receives TB for the 1st transmission via a long TB duration, so it spends longer duration in TB decoding, and waits for a longer T_wait to receive the 2nd transmission. For option2, the 1st transmission of this TB is via a short TB duration, so UE shall begin to monitor the PDCCH for the 2nd transmission after a short T_wait. In this example, TB transmission duration (TTI) refers to the transmission unit and the scheduling unit of a TB, and determines the HARQ RTT timer. The simplest solution is using the TB duration (TTI) of initial transmission as the unit of T_wait.
Proposal 3: 
In NR, the term TTI shall be reused as transmission unit, scheduling unit of a TB, and HARQ RTT timer.
1 Conclusion
In this contribution, we have discussion on the PDCCH monitoring occasion and propose:

Proposal 1: 
CORESET is invisible to MAC, and PDCCH monitoring occasion is used in MAC for the timing of operation, e.g. DRX or HARQ.

Proposal 2: 
Without DRX configuration, the MAC entity shall monitor corresponding CORESET in every PDCCH monitoring occasion.

Proposal 3: 
In NR, the term TTI shall be reused as transmission unit, scheduling unit of a TB, and HARQ RTT timer.
In addition, a text proposal to TS 38.321 on MAC modeling of PDCCH monitoring and TTI length can be found in [6].
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