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Introduction
RAN1 has progressed the work on PDCCH design and explained it in an incoming LS [1]. This is a summary of the relevant agreements.
· 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 focus on the coreset, how it relates to the discussion in RAN2 on PDCCH monitoring pattern, and how it in general can be used as a "clock" in MAC. This topic has been touched upon in an earlier contribution [2].
Discussion
The CORESET
The CORESET (Control Resource Set) contains those time-frequency resources on which the UE shall search for PDCCH. Its bandwidth is smaller or equal to the carrier bandwidth. With respect to its duration the discussion is not yet concluded in RAN1, but it seems the duration will be 1-2 OFDM symbols for bandwidths greater than X and 1-3 OFDM symbols otherwise.
In LTE, the control region which carries PDCCH spans the entire channel bandwidth and the duration is given by PCFICH as 2-4 OFDM symbols for narrow bandwidths and 1-3 OFDM symbols otherwise. The starting OFDM symbol is always the first one in the subframe.
In this discussion, we are mostly concerned with the start and duration of the CORESET and not its bandwidth. We make the following observation.
[bookmark: _Toc490252395]For the sake of this discussion we can consider the CORESET to be the duration during which the UE attempts to read PDCCH.
Compared to our previous contribution [2] the introduction of the CORESET demands a review of the term "PDCCH monitoring occasion", even if there are similarities, at least in this context.
In the following figures we try to illustrate the various ways the CORESET can be configured to show its complexity. The intention is that we want to know more of the coreset to be able to use it to somehow replace the terms "PDCCH subframe" and "TTI" in the MAC specification.
The simple configuration
In this configuration the coreset occupies one region per slot and schedules a subsequent data transmission. This configuration repeats once per slot. Here we can define a "PDCCH period" as the time from the start of one CORESET to the start of the subsequent CORESET. The "PDCCH period" could then be used to "clock" MAC in e.g. DRX instead of using the PDCCH subframe. However, this configuration is an example and more complex configurations can be envisioned.
[image: ]
Figure 1 – Simple Coreset configuration
The more complex configuration
In this configuration there are more coresets per slot, creating the so called "mini-slot". There is also a data transmission overlapping with coresets in time. This is also a valid configuration. If we apply the definition of the PDCCH period from the previous configuration, it still works, but the actual length would vary over time as the coresets can be spread out in time in any way. Additionally, if the DRX mechanism is controlled by counting the PDCCH periods, there could be cases where a data transmission is aborted halfway through. Potentially the gNB can avoid this as the behavior is predictable. Still, more complex configurations can be envisioned.
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Figure 2 – More complex coreset configuration
The most(?) complex configuration
In this configuration there are coresets overlapping in time and starting and ending in the same symbols. In this configuration it becomes very challenging to define a PDCCH period and hence a suitable "clock" for the MAC protocol. 
[image: ]
Figure 3 – The most complex configuration
[bookmark: _Toc490252396]The flexibility in configuration of the Coreset makes it difficult to establish a suitable "clock mechanism" in MAC.
MAC specification structure
The MAC specification in LTE is cluttered with phrases like "For each TTI the MAC entity shall...". This is followed by a set of actions that the MAC entity will perform in each TTI. It is quite clear that the term "TTI" cannot be used in NR in the same way as was done in LTE, due to the variation in TTI. A simple approach is then to search for an alternate term to replace the TTI in the specification. However, after carefully examining the agreements made in RAN1 related to the PDCCH and Coreset, and the existing LTE specification it seems a viable way forward is to write the MAC specification in an event-driven manner.
From our analysis it seems there are four main events which trigger some sort of action in the MAC entity:
1)	Received grants on PDCCH
2)	Received assignments on PDCCH
3)	Expiry of timers
4)	Upper layer actions (e.g. RRC ordering MAC reset, data becomes available)
It should be possible to write the MAC specification in an event-driven manner using these four events as triggers to some action. Some parts will require more work but some parts can be quite easily captured. An implication of this is also that timers should be defined in a "numerology independent" manner, i.e. using milliseconds or subframes.
[bookmark: _Toc490135033][bookmark: _Toc490252399]Write the MAC specification in an event-driven manner.
Examples
DRX
The function of DRX in LTE relies on counting PDCCH subframes and take a corresponding action when a certain number is reached. This action is typically to stop or start monitoring PDCCH. In LTE, the PDCCH can be transmitted once every subframe in a very regular pattern. As we have seen above, this is not always the case in NR. Instead the timers would need to be defined in some time unit, e.g. milliseconds or fractions thereof if really necessary and the actions to switch between active time and DRX can be defined accordingly. This is shown in [3].
DL assignment reception (Section 5.3.1)
The text in 36.321 can be easily modified as the main procedure in this section is to order the HARQ entity to receive a transmission (a new transmission or retransmission) based on the parameters in the received assignment. As this section also includes functionality related to SPS which has not been discussed to a great extent yet, we have not provided a text proposal. We believe the main changes in the section is to review and remove occurrences of "for this TTI".
UL Grant reception (Section 5.4.1)
Similar to the text on DL assignment reception this section is based on receiving something on the PDCCH, in this case a UL grant, and then performing an action, in this case ordering the HARQ entity to perform a transmission. The details of the transmission depend largely on the contents of the UL grant. This section in LTE includes functionality related to SPS which have yet to be discussed in RAN2. Hence there is not text proposal.
HARQ operation (Section 5.3.2 onwards, section 5.4.2 onwards)
This text deals with the HARQ protocol and how to store and decode transmissions before delivering them to higher layer. This part of 36.321 is fairly event-driven as it is so it can be easily added to 38.321 as shown in [4].
Scheduling Request (Section 5.4.4)
This section deals with the procedures of sending a scheduling request. A text proposal in [5] is provided which takes RAN2 agreements into account. The original text makes a lot of use of "for this TTI", but it can be easily removed. 
Conclusion
We make the following observations:
Observation 1	For the sake of this discussion we can consider the CORESET to be the duration during which the UE attempts to read PDCCH.
Observation 2	The flexibility in configuration of the Coreset makes it difficult to establish a suitable "clock mechanism" in MAC.


We have the following proposals:
Proposal 1	Write the MAC specification in an event-driven manner.
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