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Introduction
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 contribution we discuss some of the impacts on RAN2 due to the agreement in RAN1 of having a subframe fixed to 1ms. Many layer 2 timers in LTE are configured by the use of the number of subframes or PDCCH-subframes when the UE is expected to be in a certain mode or monitoring for specific occasions. Depending on the numerology used the number of slots per subframe will be very different and therefore also the number of transmission/reception opportunities. The use of different numerologies will also make the time unit of a TTI less usable in MAC since MAC in NR need to be more event driven for each slot and even mini-slots which could be every or every second OFDM symbol (not yet decided by RAN1) and with very short symbol duration.
In this paper we also 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.
It should be observed that this paper relates more to the normative phase of NR.
[bookmark: _Ref178064866]Discussion
An NR UE could be configured to use numerologies different from the LTE numerology and even multiple numerologies at the same time. Many layer 2 timers in LTE is configured by using a time unit of a SubFrame, SF, or a PDCCH-subframe, PSF, where the latter mainly differ from a subframe duration in TDD systems. In NR however, the configuration of a timer using the unit of SF or PSF would result in very different behavior and energy consumption dependent on the numerologies configured for the UE. The number of PDCCH occasions per time unit (e.g. millisecond) could be very different for a numerology using a SubCarrier Spacing, SCS, of 2n*15kHz, n≠0, compared with a SCS using 15kHz. This could affect the battery lifetime in a negative way since a UE using a larger SCS would need to monitor many more PDCCH occasions during a specific time. The obvious way would be to use PDCCH monitoring occasions as the time unit of the timers. That way, they would have the same duration (measured in PDCCH monitoring occasions) in all numerologies. We think, in this way, it would be beneficial to configure timers in a way which is independent of numerology/TTI duration. 
[bookmark: _Toc473899497]It would be desirable to have a timer configuration in NR independent of numerology and TTI, e.g. to use the PDCCH monitoring occasion as the time unit.  
PDCCH monitoring patterns
The RAN1 agreement that UE-specific DL control information monitoring occasions, at least in time domain, can be configured enables the possibility to configure the UE with specific PDCCH monitoring patterns. Each pattern would define when in time, e.g. during which OFDM symbols, the UE shall monitor for PDCCH. The patterns would be configured by RRC signalling and could indicate any combination of PDCCH occasions/symbols during a specific time/duration. The UE would then repeat this monitoring pattern for a period of time for which the monitoring pattern is configured. The resolution of the monitoring pattern could be on a per symbol level in some cases but independent of the symbol duration, i.e. the numerology. In this way any configuration for any numerology can be addressed as well. This is primarily a configuration of the physical layer by RRC, but as discussed with the timers, there could be implications on MAC too.
The concept of TTI in LTE give rise to confusion in NR due to that the use of different numerologies would imply different TTI. The use of PDCCH monitoring patterns could be used to avoid the use of TTI as the basic unit of time in MAC and make MAC more event driven and asynchronous in the sense that MAC would react when a valid PDCCH is decoded. This is further explained in the example below.
[bookmark: _Toc461196230][bookmark: _Toc461462481][bookmark: _Toc461463288][bookmark: _Toc461463683][bookmark: _Toc462061526][bookmark: _Toc462865401][bookmark: _Toc462865826][bookmark: _Toc462865901][bookmark: _Toc463021167][bookmark: _Toc465030403][bookmark: _Toc465030656][bookmark: _Toc465100308][bookmark: _Toc465348454][bookmark: _Toc465411679][bookmark: _Toc465601685][bookmark: _Toc466019346][bookmark: _Toc467851834][bookmark: _Toc470788582][bookmark: _Toc470875106][bookmark: _Toc471125605][bookmark: _Toc471390618][bookmark: _Toc471495126][bookmark: _Toc471498210][bookmark: _Toc471507107][bookmark: _Toc473880140]NR should use "PDCCH monitoring occasions" to receive DL control information and trigger corresponding actions in NR MAC.
Configuration and reconfiguration
The degree of active service (and hence the degree of power saving) in the UE can be controlled by the eNB by configuration of the PDCCH monitoring pattern. A dense pattern (i.e. many PDCCH monitoring occasions during a time period) would result in short delay but higher power consumption. A sparse pattern allows for power saving at the cost of increased latency. We think the change of the PDCCH monitoring pattern can be signalled using RRC signalling and MAC control elements (similar to DRX) with the exact details decided later by RAN2. Using a pattern in time to configure the degree of activity of the UE is similar to how the pools for sidelink operation are used. In a sidelink resource pool there is a time pattern which indicates when the UE should try to receive sidelink control information. 
[bookmark: _Toc465774098][bookmark: _Toc465332024][bookmark: _Toc465844072][bookmark: _Toc465845448][bookmark: _Toc465846828][bookmark: _Toc465847333][bookmark: _Toc465851595][bookmark: _Toc470788583][bookmark: _Toc470875107][bookmark: _Toc471125606][bookmark: _Toc471390619][bookmark: _Toc471495127][bookmark: _Toc471498211][bookmark: _Toc471507108][bookmark: _Toc473880141]In NR, RRC signalling and MAC CEs can be used to the configure and control the PDCCH monitoring patterns used by the UE.
It is also possible to consider switching of PDCCH monitoring pattern without explicitly signalling the new pattern to the UE. For example, the UE could switch to a sparser pattern (previously configured by the eNB) after a period of inactivity, similar to DRX. This would allow the UE to save power during periods of inactivity. From an architectural perspective there is an issue in the sense that RRC configures the pattern, but it cannot detect inactivity in the user plane. This is a modelling problem and can be resolved in the work item phase.
[bookmark: _Toc471390620][bookmark: _Toc471495128][bookmark: _Toc471498212][bookmark: _Toc471507109][bookmark: _Toc473880142]Solutions for how to switch PDCCH monitoring pattern without explicit eNB signalling (e.g. as a way to save power) should be supported.
Example
The details of the PDCCH monitoring pattern are too early to sort out. We provide this text proposal as an example of how it could be done. As an example, the PDCCH monitoring pattern could be assigned to the UE by the use of a bitmap indicating the OFDM symbols to monitor over a specific time period. If the numerology used is the 15kHz subcarrier spacing with a PRB pair of 1ms and the PDCCH occasion being the first symbols in every slot, the monitoring PDCCH pattern could be to monitor two consecutive PDCCH occasions (one or more OFDM symbols) while the third occasion is not monitored. This pattern with a duration of 3ms could then be repeated as long as the UE remains in active state and not entering DRX. If the same pattern is given to a UE configured for a numerology using a SCS of e.g. 30kHz, the monitoring pattern would repeat itself in half the time. 
The use of mini-slots could imply that any OFDM symbol in a subframe could be a PDCCH occasion which easily could be handled by the use of a PDCCH monitoring pattern. The concept of a common and a UE specific search space is kept by the use of one or more control resource sets to minimize the complexity of the blind decoding scheme.
[image: ]
Figure 1 PDCCH monitoring pattern
If the configurable monitoring pattern length is restricted to 1ms (one subframe), a bitmap would need to be up to 2n*14 bits depending on the numerology and cyclic prefix the bitmap should be valid for. This would, for n=0, (SCS = 15kHz), offer no flexibility in terms of monitoring patterns between subframes of 1ms, i.e. all possible PDCCH occasion need to be monitored as the pattern would repeat every subframe. If, on the other hand, the PDCCH monitoring pattern would span more than 1ms energy savings could be made by using a sparse monitoring pattern. To allow for monitoring patterns even for n=0, the configured pattern would need span more than one subframe but would then also require a bitmap of size (14 to 2n*14)*#sf bits if full flexibility is desired. On the other hand, and at the cost of flexibility, this bitmap size can be reduced if a smaller set of standardized patterns are agreed on.
The PDCCH monitoring pattern could be used for both FDD and TDD with some consideration taken on the length of the monitoring pattern.  
If a UE is configured to use more than one numerology for reception and/or transmission, a set of PDCCH monitoring patterns could be configured per numerology, or, the same pattern could be used regardless of numerology. Given that the PDCCH is mapped the same across numerologies, i.e. the same OFDM symbols within a slot, the one and the same PDCCH monitoring pattern could be used for any configuration resulting in a numerology independent PDCCH monitoring pattern. The UE could simultaneously monitor the PDCCH for each numerology according to the patterns configured. 
It is also possible to use the PDCCH monitoring occasions as a way to describe how MAC is triggered to perform certain actions. Several procedures in 36.321 are described as some kind of for-loops in a sense, example from section "5.3.1 DL assignment reception":
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:
-	if a downlink assignment for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI, or Temporary C‑RNTI:
Instead this can be rewritten as:
When the MAC entity has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI and for each Serving Cell:
-	if this PDCCH monitoring occasion indicates a downlink assignment for this Serving Cell for the MAC entity’s C-RNTI, or Temporary C‑RNTI:
We think this has two benefits. First of all, the term "TTI" is avoided which can be beneficial when specifying a system where the TTI is varied. Alternatively, the term has to be defined in a more stringent fashion than in LTE. Secondly, this allows for NR MAC to be specified in a more event-triggered way. We think that could be simpler and more future-proof. We recognize that this is perhaps stage-3 details of how to write the specification and it requires more study than this short example, but as it can be viewed as a significant shift from how LTE MAC is described we think it would be good to start early.
Layer 2 timers
In general, all layer 2 timers adopted from LTE to NR need to be analyzed so that they can be configured suitable for all numerologies used by NR, i.e. some timers might need to be configured with a shorter time duration when the slot duration decreases due to increased subcarrier spacing. Some layer 2 timers are directly affected by having a subframe fixed to 1ms in NR, i.e. those configured by the use of a number of subframes or PDCCH-subframes. 
In the following we briefly analyze some layer 2 timers in the light of using PDCCH monitoring occasions as the basic time unit.
PDCP Timers
No timers in the Packet Data Convergence Protocol in LTE are configured by using the duration of a subframe or a PDCCH-subframe. This implies that PDCP timers are unaffected by the use of PDCCH monitoring occasions having a reference subframe fixed to 1ms in NR. However, for the legacy timers that should be adopted to NR, the set of configurable values may need to be adapted for different numerologies in NR.
[bookmark: _Toc473899498]The LTE timers in PDCP configured with a duration in milliseconds will not be affected by the PDCCH monitoring occasions if adopted to NR.
RLC Timers
No timers in the Radio Link Control Protocol in LTE are configured by using the duration of a subframe or a PDCCH-subframe. This implies that RLC timers are unaffected by the use of PDCCH monitoring occasions having a reference subframe fixed to 1ms in NR. Similarly, as for PDCP timers, the set of configurable values needs to be adapted to NR. 
[bookmark: _Toc473899499]The LTE timers in RLC configured with a duration in milliseconds will not be affected by the PDCCH monitoring occasions if adopted to NR. 
MAC Timers
There are several timers in MAC that are configured by the use of subframes or PDCCH-subframes. The agreement of having a subframe fixed to 1ms regardless of numerology will result in a very different number of slots per millisecond and therefore a very different number of PDCCH occasions. Some timers can maintain the use of milliseconds, while others would use the PDCCH monitoring occasions. This needs to be evaluated ona case-by-case basis in the work item phase after progress in RAN1.
[bookmark: _Toc470875108][bookmark: _Toc471125607][bookmark: _Toc471390621][bookmark: _Toc471495129][bookmark: _Toc471498213][bookmark: _Toc471507110][bookmark: _Toc473880143]The details of timers in MAC, and in particular whether to use milliseconds or PDDCH monitoring occasions as the basic time unit, are FFS.
Example – Connected mode DRX
The use of PDCCH monitoring occasions could be used for energy saving when the UE is active with receiving and or transmitting, i.e. a sparse PDCCH monitoring pattern would increase the battery lifetime but reduce the reachability and therefore increase the latency. If no grant or assignment is detected during a certain duration, i.e. a certain number of PDCCH monitoring patterns (specified by drx-InactivityTimer), the UE could enter a power saving mode, equivalent to connected mode DRX. While in this power saving mode the UE could be configured to use a sparser PDCCH monitoring pattern for a certain time duration. 
If a grant or assignment is detected the UE would leave the power saving mode and start decoding the PDCCH according to the PDCCH monitoring pattern in the active mode. 
[bookmark: _Toc471125608][bookmark: _Toc471390622][bookmark: _Toc471495130][bookmark: _Toc471498214][bookmark: _Toc471507111][bookmark: _Toc473880144]RAN2 to define power saving solutions using PDCCH monitoring pattern.
Conclusion
We have the following proposals and observations:
Observation 1	It would be desirable to have a timer configuration in NR independent of numerology and TTI, e.g. to use the PDCCH monitoring occasion as the time unit.
Observation 2	The LTE timers in PDCP configured with a duration in milliseconds will not be affected by the PDCCH monitoring occasions if adopted to NR.
Observation 3	The LTE timers in RLC configured with a duration in milliseconds will not be affected by the PDCCH monitoring occasions if adopted to NR.

Proposal 1	NR should use "PDCCH monitoring occasions" to receive DL control information and trigger corresponding actions in NR MAC.
Proposal 2	In NR, RRC signalling and MAC CEs can be used to the configure and control the PDCCH monitoring patterns used by the UE.
Proposal 3	Solutions for how to switch PDCCH monitoring pattern without explicit eNB signalling (e.g. as a way to save power) should be supported.
Proposal 4	The details of timers in MAC, and in particular whether to use milliseconds or PDDCH monitoring occasions as the basic time unit, are FFS.
Proposal 5	RAN2 to define power saving solutions using PDCCH monitoring pattern.
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