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Introduction
This contribution considers PDCCH monitoring for NR-NR DC operation and a potential need to reduce a SCell activation/deactivation time for CA operation.


 PDCCH Monitoring for NR-NR DC 







If a UE indicates a capability to monitor PDCCH candidates for  DL cells and is configured  DL cells and associated DL BWPs having SCS configuration , and , the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  DL cells. Then, the issue is how do the master node (MN) and the secondary node (SN) know how many PDCCH candidates (and, similar, non-overlapping CCEs) the UE is expected to monitor on the MCG and the SCG, respectively. 

The above issue is similar to another UE ‘capability’ for splitting a power among transmissions on the MCG and on the SCG. In NR Rel-15, a soft split or a hard split for the UE power for transmissions on the MCG and on the SCG is configured depending, respectively, on whether or not the UE is capable for dynamic power sharing among transmissions on the MCG and on the SCG. With a hard split, the UE can also apply prior knowledge, such as a TDD configuration on a CG, to adjust a maximum power on the other CG. Soft split (dynamic power sharing) is possible as only a single entity (UE) is involved and it knows the instantaneous transmission power requirements. This is not the case for a soft split in the DL where, instead of a power, a maximum capability for monitoring PDCCH candidates is to be split. 










A first approach, corresponding to a hard split of the UE PDCCH monitoring capability, is for the MN to split between MN and SN (for each SCS) the PDCCH monitoring capability per slot for  DL cells that the UE declares. That is, a  for the MCG and a  for the SCG can be defined per SCS and then the Rel-15 specifications remain directly applicable per CG using  or  instead of . This requires backhaul signaling from the MCG to the SCG and RRC signaling to the UE for the value of  (then, ). Equivalently, the MN can split the number of PDCCH candidates and the number of non-overlapping CCEs for  DL cells between MN and SN.




A second approach, corresponding to a soft split of the UE PDCCH monitoring capability, is for the MN and the SN to exchange respective values of . The UE can treat all cells as if they are in a same CG for determining a number of PDCCH candidates or non-overlapping CCEs that the UE is expected to monitor on a cell with SCS configuration  (note that the SCG knows ). As is subsequently discussed, the second approach has several implementation issues requiring tight coordination among gNBs and also has additional specification requirements.

A first issue is whether the SCS of the active DL BWP is used as reference for a cell. As the MN cannot know BWP switching on cells of the SN and cannot know active/inactive SCell on the SN, and the reverse, having the active DL BWP provide the SCS reference for a cell can be problematic. Alternative options are to use the SCS for the BWP indicated by firstActiveDownlinkBWP or the SCS for the BWP with the smallest index, and so on. This can lead to suboptimal operation where the smallest SCS needs to be assumed. 

A second issue is the determination of the USS sets the UE drops on the PCell and the PSCell. It is a reasonable assumption that, similar to single CG operation, a UE does not expect to drop CSS sets on the MCG and the SCG. Relevant discussion is omitted for brevity although the restriction on the number of non-overlapping CCEs a UE can perform channel estimation per slot becomes a more severe limit in NR-NR DC and leads to an increased probability for dropping USS sets on the PCell/PSCell. Also, as in Rel-15, the UE can expect that no USS sets are dropped for the SCells on the MCG or the SCG. 

For dropping of USS sets, the PCell should not be fully prioritized because this will create an imbalance in the UE ability to monitor PDCCH candidates in USS sets of the PSCell, including a complete inability (e.g. when the UE drops at least one USS set of the PCell). To avoid this, the UE should assign monitored PDCCH candidates and non-overlapping CCEs to USS sets in an alternating manner between the PCell and the PSCell starting from the PCell. Another alternative is for the MN to indicate to the SN the available SS indexes for the SN to configure on the PSCell.

In addition to such new signaling, the above require coordination/restriction among CGs on the monitoring periodicity and duration of SS sets and on how PDCCH candidates/non-overlapping CCEs are linked to indexes of USS sets. For example, if (a) the UE monitors first and second USS sets on the PCell with shorter periodicity than a first USS set on the PSCell, (b) the corresponding slots overlap, and (c) the UE needs to drop one of the three USS sets then, unless there is tight coordination/restriction of configurations among CGs, the MCG cannot know whether or not the UE will drop the second USS set on the PCell. Actual deployments can have more complex setups than the one in the above example that nevertheless illustrates the scheduling ambiguity that can occur for the PCell and the PSCell. Further, different treatment of synchronous and asynchronous DC operation for PDCCH monitoring may be required. 



Proposal 1: The MN indicates to the SN and to the UE a part of the UE capability  that is available to the SN and to the UE for PDCCH monitoring on the SCG.

Proposal 2: A UE does not expect to drop CSS sets and USS sets on SCells of the MCG or the SCG. 


L1 SCell Activation/Deactivation
Reductions in SCell activation/deactivation latency were discussed without conclusion during Rel-15 and have been primarily motivated for UE power savings (e.g. a faster SCell deactivation results to lower UE power consumption) and throughput improvements (e.g. a gNB is provided CSI prior to the first PDSCH scheduling on an activated SCell). 

For inter-band CA (multiple RF chains), such as for example between FR1 and FR2, SCell activation is dominated by a time required for the UE to turn on its RF component. A transition time between deactivated and activated states for a SCell can be in the tens of msec (e.g. 24 to 32 msec). In such cases, and considering that SCell activation/deactivation is not an event that continuously occurs in the order of a few msec, having L1 based instead of MAC CE based is not expected to make a material difference in UE power savings. The same applies for SCell deactivation. 

[bookmark: _GoBack]For intra-frequency CA (single RF chain), delays due to turning on the RF components at the UE are avoided and a L1 activation time is then dominated by the periodicity of SS/PBCH blocks (with the additional time for the application of the corresponding MAC-CE command and the associated HARQ-ACK feedback). Rel-15 also supports triggering CSI-RS transmission for time/frequency tracking on a deactivated cell after activation by MAC CE and corresponding HARQ-ACK feedback but material latency reductions are achieved only if the periodicity of SS/PBCH blocks is large (e.g. above 5 msec). Reductions in SCell activation latency can be beneficial in such scenario.

Unlike LTE, NR Rel-15 also supports using a default BWP on a SCell when a bwp-InactivityTimer associated with the active DL BWP expires and further supports configuring the parameters for PDCCH monitoring in the default BWP. An SCell can then be ‘fully’ activated at any time by cross-carrier scheduling from a scheduling cell such as the PCell with the corresponding DCI format indicating a BWP other than the default BWP. Therefore, at least for the purpose of SCell activation, the BWP framework provides the ability for reduced latency. CSI measurement and reporting enhancements for BWPs other than the default BWP may be required but they are beyond the scope of the NR-NR DC WI. 

Observation: For intra-band CA, the Rel-15 BWP framework enables the benefits of L1 SCell activation while avoiding penalizing UE power consumption. For inter-band CA, L1 based SCell activation offers marginal benefits over MAC-CE based SCell activation. Further discussion is needed for new mechanisms related to SCell activation/deactivation.


Conclusions
This contribution considered aspects related PDCCH monitoring for NR-NR DC operation, whether there is a need to reduce a SCell activation/deactivation time for CA operation, and proposes the following.



Proposal 1: The MN indicates to the SN and to the UE a part of the UE capability  that is available to the SN and to the UE for PDCCH monitoring on the SCG.

Proposal 2: A UE does not expect to drop CSS sets and USS sets on SCells of the MCG or the SCG. 

In addition, the following observation is made.

Observation: For intra-band CA, the Rel-15 BWP framework enables the benefits of L1 SCell activation while avoiding penalizing UE power consumption. For inter-band CA, L1 based SCell activation offers marginal benefits over MAC-CE based SCell activation. Further discussion is needed for new mechanisms related to SCell activation/deactivation.
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