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Introduction
From a physical layer specifications perspective, NN-DC operation is incomplete as the description for how a UE monitors PDCCH is missing [1]. RAN2 considered this issue in email discussions ([104_66]) without conclusion and RAN1 input was widely requested since this issue is primarily related to physical layer operation. 

This contribution considers PDCCH monitoring in NN-DC. A corresponding CR is provided in [2].


 PDCCH Monitoring for NR-NR DC 
RAN2 considered the following options.

Option 1. MN divides  between MN and SN (i.e. have  and ) and lets SN and UE know allowed  and .
Option 2. MN and SN exchange the values of  of each cell group for each SCS configuration . 
Option 3. MN derives maximum allowed number of cells for each SCS configuration  and informs it to SN.
Option 4. The parameter pdcch-BlindDetectionCA is set to a dummy value and the UE only report capabilities for a number of CCs that can comply with .

From a RAN1 perspective, the attributes of the above options include the following.

Option 1 is semi-static sharing of the UE capability between MN and SN. It may be viewed as suboptimal as the UE cannot dynamically allocate PDCCH candidates between CGs but, as it is subsequently discussed, dynamic sharing is not generally possible. Option 1 has no impact on RAN1 specifications (other than capturing it in TS38.213).

Options 2 and 3 limit the signaling exchange between the MN and the SN or only to the SN without the UE knowing how its PDCCH monitoring capability is partitioned. This implies dynamic sharing for the UE capability. 

In general, in DC, sharing of a UE capability between MN and SN needs to be defined if it cannot be left to UE implementation. The sharing can be semi-static (i.e. configured by higher layers) or dynamic (i.e. allocation of the UE capability can change based on scheduling). Another UE capability for which sharing between MN and SN needs to be defined is the maximum UE transmission power (for the same frequency range). The difference between PDCCH monitoring and maximum UE transmission power is that decisions for the former (PDCCH candidates to monitor) are made at different, uncoordinated, nodes (MN and SN) while decisions for the latter (transmission power to allocate per channel/signal) are made at the same node (UE). This makes dynamic sharing of the PDCCH monitoring capability not possible in practice while dynamic sharing of the maximum UE transmission power is possible.  


With Options 2 and 3, 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 . However, it is not enough for the MN and SN to exchange the values of  or for the MN to signal to the SN the maximum value of  for the SN in order for the UE to be able to make a correct determination. 

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 and requires RAN1 specification support to differentiate CA from DC. 

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 NN-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. This increases complexity for the overall operation and requires material RAN1 and RAN2 specification impact. 

In addition to additional signaling and specification support, Options 2 and 3 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 and, despite this, can still lead to the UE dropping PDCCH candidates without a scheduler knowing. 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. 

In summary, Options 2 and 3 can lead to a UE dropping PDCCH candidates without the MN or SN knowing, require materially additional specifications in TS38.213 and TS38.331, increase complexity for DC operation, and are unlikely to offer any benefit over the semi-static sharing of the UE capability in Option 1. 

Option 4 is too restrictive for NN-DC operation as it requires unreasonable limitations on the number of configured cells per CG.

Based on the above, Option 1 is preferred and the following are proposed.



Proposal 1: Send an LS to RAN2 to define higher layer parameters pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG that the MN uses to respectively provide to a UE  for the MCG and  for the SCG. The MN also provides pdcch-BlindDetectionSCG to the SN.
   
Proposal 2: Update TS38.213 v15.4.0 according to [2]. 


Sharing of the PDCCH monitoring capability can be enhanced, similar to NE-DC power control when the UE is informed of an UL/DL configuration – for the purposes of PDCCH monitoring, the UE can assume that all of its PDCCH monitoring capability is available on one CG in PDCCH monitoring occasions corresponding to UL symbols on the other CG. This can also be considered or left for Rel-16 NN-DC as it is not an essential part of completing the specifications for Rel-15 NN-DC. 
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