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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 last RAN2 #98 meeting, the actual meaning of PDCCH monitoring occasion was discussed [1][2][3], but no agreements were achieved. 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 revised thereby impacting MAC modeling of PDCCH monitoring in support of multiple numerologies. In the rest, we mainly discuss the terms of PDCCH in MAC according to RAN1, PDCCH monitoring with and without DRX.
2.1 Terms of PDCCH in MAC
In Rel-13 of LTE, the following terms of PDCCH are defined in MAC specifications,
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] (refer to 36.213). A PDCCH occasion is the start of a search space and is defined by subframe k0 as specified in section 16.6 of [2]. The calculation of number of PDCCH-subframes for the timer configured in units of a PDCCH period is done by multiplying the number of PDCCH periods with npdcch-NumRepetitions-RA when the UE uses the common search space or by npdcch-NumRepetitions when the UE uses the UE specific search space. The calculation of number of subframes for the timer configured in units of a PDCCH period is done by multiplying the number of PDCCH periods with duration between two consecutive PDCCH occasions.

PDCCH-subframe: Refers to a subframe with PDCCH……
At the RAN1#86bis meeting, the following agreed were made related to PDCCH for NR,
	· Sub-frame duration is fixed to 1ms

· Reference numerology for defining subframe duration is 15 kHz

· UE-specific DL control information monitoring occasions at least in time domain can be configured


Although NR RAN1 has agreed that DL control information monitoring occasions at least in time domain can be configured, we think it could still be refer to PDCCH occasions during which period the MAC to monitor. Therefore, the term “PDCCH occasion” can be reused as in LTE. 
In LTE, TTI is used as the time unit for scheduling, with the length of one subframe. 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, it is possible that one NR subframe could have multiple PDCCHs. This will impact the DRX if mini-slot is used because the UE should wakeup at the right time in order to receive control information. So, PDCCH-subframe is no more suitable in NR and TTI on basis of PDCCH-slot would be preferred. 
Proposal 1: 
PDCCH occasion is used as the reference of the start of PDCCH search space as in LTE.
Proposal 2: 
TTI would be defined and used in MAC instead of PDCCH-subframe on basis of PDCCH-slot.
2.2 PDCCH monitoring with DRX
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for the MAC entity. The configuration of DRX in LTE is based on PDCCH-subframe. As analyzed above, PDCCH-subframe may be not meaningful in NR in support of multiple numerologies. Since UE is aware of the operating numerology, TTI with different lengths is more accurate to indicate DRX operation. Whether multiple DRX configurations shall be applied according to different numerology is still FFS in RAN2. If DRX configuration is numerology independent, we think the default unit of counter, e.g. default TTI should be used as the reference for DRX duration configuration, otherwise, it should be numerology dependent.

Proposal 3: 
With DRX configuration, the MAC entity should monitor the PDCCH discontinuously in a TTI.
2.3 PDCCH monitoring without DRX
In LTE, the MAC entity monitors PDCCH in unit of PDCCH-subframe, i.e. TTI. As discussed above, TTI length shall be different due to the use of different numerology. It is therefore needed to analyze the impacts of numerology on how to model the PDCCH monitoring. 
Consider the UE is configured with different numerology for different service. For example, the UE has session A and session B as in figure 1, and QoS of session B is more stringent than that of session A. The data of session A could be transmitted via numerology 1 or numerology 2, and data of session B could only be transmitted via numerology 1. There are two alternatives to configure the numerology to the UE:

· Alt 1: Configure one numerology based on the stringent QoS
For this alternative, only numerology 1 could be configured to the UE, because it is applicable for session A and session B. In this case, the UE shall monitor PDCCH in every TTI on the numerology. 

· Alt 2: Configure multiple numerologies to the UE, and decide the numerology of shortest TTI length based on the most stringent QoS.
For this alternative, both numerology 1 and numerology 2 shall be configured to the UE. Obviously, the UE shall keep monitoring PDCCH in every TTI of numerology 1 in order to attain the QoS of session B. However, whether continuous PDCCH monitoring is needed for numerology 2 or not should be considered. We give two options:

· Alt 2.1: Continuous monitoring where the UE monitors PDCCH in every TTI of numerology 2.

· Alt 2.2: Non-continuous monitoring where the UE need not monitor PDCCH in every TTI of numerology 2.
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Figure 1: non-continuous PDCCH monitoring
For Alt 2.2, the UE does not monitor the PDCCH in the second PDCCH-slot of green numerology as in figure 1, so the data of session A shall be transmitted via blue numerology in the duration of slot. Considering the packet is not always consecutive, and the delay budget of session is much longer than the duration of one TTI, some may argue that the non-continuous PDCCH monitoring could also work. 
However, this is not a good choice because some precious wireless resource of higher priority (blue) is used to transmit the data of session A with low priority, and the high priority session of other the UEs may be influenced. On the other side, some extra overhead may be introduced. If data of session A is transmitted via second green slot, only one DCI is needed, but if this data is transmitted via blue slot, these data may be divided into multiple TBs and multiple DCIs are needed. Furthermore, multiple TBs mean more segments, and more SO fields in L2 header. From the power consuming point of view, this discontinuous monitoring could not lead much benefit because the UE could only apply discontinuous monitoring in the numerology of long TTI length, in which the PDCCH monitoring occasion is not frequent indeed.

Based on the comparison above, continuous monitoring is preferred. 

Proposal 4: 
Without DRX configuration, the MAC entity should be continuous to monitor PDCCH of every TTI for configured numerologies.
1 Conclusion
In this contribution, we have discussion on the PDCCH monitoring occasion and propose:

Proposal 1: 
PDCCH occasion is used as the reference of the start of PDCCH search space as in LTE.

Proposal 2: 
TTI would be defined and used in MAC instead of PDCCH-subframe on basis of PDCCH-slot.
Proposal 3: 
With DRX configuration, the MAC entity should monitor the PDCCH discontinuously in a TTI.
Proposal 4: 
Without DRX configuration, the MAC entity should be continuous to monitor PDCCH of every TTI for configured numerologies.
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