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Introduction
At RAN2#98 the topic of "PDDCH monitoring patterns" and their impact on MAC was discussed. While no agreements were made there was some interest in how to use this to model MAC behavior when reading PDCCH. We note that RAN1 agreed on the support for "UE-specific DL control information monitoring occasions in at least the time domain". In this paper we provide some more examples how PDCCH monitoring patterns can be configured. At the RAN1#86bis meeting it was agreed that the duration of a subframe in NR is 1ms and the reference numerology is 15 kHz:
Agreements
•	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

In this paper we discuss the implications of the third agreement above. "UE-specific DL control information monitoring occasions" is a very cumbersome term, so for the sake of simplicity we will use the term "PDCCH monitoring occasions" instead. For the sake of discussion in this paper we denote a PDCCH monitoring occasion as one or several symbols during which the UE tries to decode a message on PDCCH. A PDCCH monitoring pattern is correspondingly defined as a set of PDCCH monitoring occasions. We understand this to be a configuration for when the UE is supposed to try to decode PDCCH. In the following, we present how this can ensure a high degree of flexibility required for NR.
[bookmark: _Ref178064866]Discussion
PDCCH monitoring occasion
From the discussions in RAN1 we understand that a PDCCH can be transmitted to the UE in any symbol. Compare to LTE this is an increase as in LTE the PDDCH transmission is restricted to the first 1-4 symbols in a subframe. We think that the time instance when the UE is configured to monitor for PDCCH can be called "PDCCH monitoring occasion". RAN1 has agreed that a PDCCH transmission can be longer than 1 symbol, but for the sake of this discussion we think that the length of a PDCCH monitoring occasion is typically 1 symbol.
[bookmark: _Toc485138143][bookmark: _Toc485286018][bookmark: _Toc485401070]The time instance in which the UE is configured to monitor for a single PDCCH transmission is called "PDCCH monitoring occasion".
[bookmark: _Toc485138144][bookmark: _Toc485286019][bookmark: _Toc485401071]The length of a PDCCH monitoring occasion is typically 1 symbol.
Properties of a PDCCH monitoring pattern
Before going in to the details of a PDCCH monitoring pattern we should establish what a PDCCH monitoring pattern is. Basically we think it is a bitmap indicating which symbols during a certain time period, e.g. a subframe or a slot, may contain PDCCH and which do not contain PDCCH. For a typical LTE configuration, the PDCCH monitoring pattern is {1 1 1 0 0 0 0 0 0 0 0 0 0 0}, i.e. the first three symbols during a 14-symbol subframe may contain PDCCH and there is no need to search for PDCCH in the remaining 11 symbols. This is information is carried in PCFICH together with the carrier bandwidth. In NR the slot is either 7 or 14 symbols, hence we could define the length of a PDCCH monitoring pattern to be either 7 or 14 symbols. It could be signalled as a bitmap over RRC.
[bookmark: _Toc485138145][bookmark: _Toc485286020][bookmark: _Toc485401072]The PDCCH monitoring pattern indicates which symbols during a slot the UE shall attempt to receive PDCCH and which symbols the UE need not attempt to receive PDCCH.
[bookmark: _Toc485138146][bookmark: _Toc485286021][bookmark: _Toc485401073]The PDCCH monitoring pattern has a length of X symbols, X being 7 or 14.
[bookmark: _Toc485138147][bookmark: _Toc485286022][bookmark: _Toc485401074]The PDCCH monitoring pattern repeats for every slot.
Configuration of PDCCH monitoring patterns
The UE shall be configured with a PDCCH monitoring pattern over RRC, it can be decoded as a bitmap with a length corresponding to the length of the slot, 7 or 14 symbols. With respect to numerologies, it may be reasonable to have a pattern per numerology. If the UE is configured with two numerologies and one pattern it needs to decode each PDCCH monitoring occasion for both numerologies. To reduce the number of blind decodes in the UE a PDCCH monitoring pattern should be associated with a numerology.
[bookmark: _Toc485138148][bookmark: _Toc485286023][bookmark: _Toc485401075]The PDCCH monitoring pattern is configured as a bitmap as part of the dedicated configuration.
[bookmark: _Toc485138149][bookmark: _Toc485286024][bookmark: _Toc485401076]The UE shall be configured with a PDCCH monitoring pattern per configured numerology.
Default monitoring pattern
Until the UE has applied the PDCCH monitoring pattern in the dedicated signalling there needs to be a way for the network to reach the UE, i.e. there is a need for a default PDCCH monitoring pattern. We think this can be something simple, e.g. the first symbol in every slot. It can be specified in specifications, or configurable using system information.
[bookmark: _Toc485401077]Until the UE has applied the PDCCH monitoring pattern in the dedicated configuration it applies a default PDCCH monitoring pattern.
[bookmark: _Toc485401078]The default PDCCH monitoring pattern is either specified, or configured using system information.
Applicability in the MAC specification
With the term "PDCCH monitoring occasion" it should be possible to replace both the terms "TTI" (in the context of "for each TTI the UE shall…") and the cumbersome term "PDCCH subframe" in the MAC specification. What follows are some examples compared against 36.321 v14.2.0. More instances can be found but we focus on the ones close to the core functionality of MAC.
Section 5.3.1 DL assignment reception
We suggest the following changes.
When the MAC entity has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the MAC entity shall for each PDCCH monitoring occasionTTI during which it monitors PDCCH and for each Serving Cell:
[bookmark: _Toc477940900]Section 5.3.2.2	HARQ process
We suggest the following changes.
For each PDCCH monitoring occasion corresponding to a transmissionTTI where a transmission takes place for the HARQ process, one or two (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.
Section 5.4.1 UL Grant reception
We suggest the following changes.
If the MAC entity has a C-RNTI, a Semi-Persistent Scheduling C-RNTI, a UL Semi-Persistent Scheduling V-RNTI, or a Temporary C-RNTI, the MAC entity shall for each PDCCH monitoring occasionTTI and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this PDCCH monitoring occasionTTI and for each SPS configuration that is indicated by the PDCCH addressed to UL Semi-Persistent Scheduling V-RNTI:
Section 5.4.2.1 HARQ Entity
In this case, it is not as straight-forward as in previous examples, as it becomes slightly awkward to loop over PDCCH monitoring occasions for actions which really depend on received grants. In the below text it is assumed that each grant is only processed once. Furthermore, as the specification only describes a model of the UE implementation, it is understood that this action can be performed at any time from reception of the grant until the time of transmission (as indicated in the grant). It is of course beneficial to build the MAC PDU as late as possible to maximise the amount of data in it.
For each grantTTI, the HARQ entity shall:
-	identify the HARQ process(es) associated with this TTIgrant, and for each identified HARQ process:
-	if an uplink grant has been indicated for this process and this TTI:
Section 5.4.4 Scheduling Request (SR)
The text below has some problems, not only relateing to "…for each TTI". 
As RAN2 is anyway discussing to introduce multiple SRs the text needs to be revised. Basically there are two cases to consider, either the UE is not configured with any SRs in which case the UE shall perform Random access and cancel the pending SR, or the UE is configured with an SR in which case it orders the physical layer to transmit SR, unless it has received a grant which has not yet resulted in a transmission, i.e. a "pending grant".
As long as one SR is pending, the MAC entity shall for each TTI:
-	if no UL-SCH resources are available for a transmission in this TTI:
-	if the MAC entity has no valid PUCCH resource for SR configured in any TTI and if rach-Skip for the MCG MAC entity or rach-SkipSCG for the SCG MAC entity is not configured: initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs;
-	else if the MAC entity has at least one valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a measurement gap or Sidelink Discovery Gap for Transmission and if sr-ProhibitTimer is not running:
Section 5.13 Activation/Deactivation of SCells
We suggest the following changes.
The MAC entity shall for each PDCCH monitoring occasionTTI and for each configured SCell:
Conclusion
We have the following proposals:
Proposal 1	The time instance in which the UE is configured to monitor for a single PDCCH transmission is called "PDCCH monitoring occasion".
Proposal 2	The length of a PDCCH monitoring occasion is typically 1 symbol.
Proposal 3	The PDCCH monitoring pattern indicates which symbols during a slot the UE shall attempt to receive PDCCH and which symbols the UE need not attempt to receive PDCCH.
Proposal 4	The PDCCH monitoring pattern has a length of X symbols, X being 7 or 14.
Proposal 5	The PDCCH monitoring pattern repeats for every slot.
Proposal 6	The PDCCH monitoring pattern is configured as a bitmap as part of the dedicated configuration.
Proposal 7	The UE shall be configured with a PDCCH monitoring pattern per configured numerology.
Proposal 8	Until the UE has applied the PDCCH monitoring pattern in the dedicated configuration it applies a default PDCCH monitoring pattern.
Proposal 9	The default PDCCH monitoring pattern is either specified, or configured using system information.
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