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Introduction  
This contribution considers remaining topics on Rel-16 CA and DC.


Scheduling from Smaller SCS to Larger SCS
It is generally understood that the most important case for cross-carrier scheduling with mixed SCS is for a scheduling cell with a smaller SCS than a scheduled cell. Typically, DL scheduling is at least as important as UL scheduling (typically, it is more important) and a number DL cells is greater than or equal to a number of UL cells (also assumed in determining partitioning of a PDCCH decoding UE capability). 

To support scheduling multiple PDSCHs or PUSCHs on a scheduled cell with larger SCS from a scheduling cell with smaller SCS, possible options include having multiple PDCCH monitoring occasions (MOs) per slot, increasing the number of DCI formats that a UE can detect for the scheduling cell per PDCCH MO, or using multi-slot scheduling. These options were previously discussed in RAN1 and the (unofficial) conclusion was to revisit this issue after progress is made on the NR-U WI on multi-slot scheduling. However, it is unlikely that multi-slot scheduling for PDSCH will be specified under NR-U as the motivation in that case is for multi-slot scheduling only for PUSCH. Therefore, whatever the conclusion is from the NR-U WI (e.g. even if a design can be directly used for Rel-16 CA), if multi-slot scheduling is to be used for Rel-16 CA, it will need to at least be expanded to include PDSCH.

In Rel-15, a UE can detect two DCI formats scheduling two PDSCHs or two DCI formats scheduling two PUSCHs in a same PDCCH MO. HARQ-ACK codebook construction does not support detecting two DCI formats scheduling two PDSCHs in a same PDCCH MO (different HARQ-ACK timing is assumed to be indicated by the DCI formats). This is because there was no strong motivation for such support, the use-cases for the feature did not exist, and its introduction was late in the Rel-15 specification phase. 

For cross-carrier scheduling with different numerologies, allowing a UE to detect multiple unicast DCI formats scheduling PDSCH or PUSCH at a same PDCCH MO has an important use case of scheduling from FR1 to FR2. For PDSCH scheduling, it is a trivial matter to use the counter DAI to count the DCI formats (this is what the counter DAI does). For a given cell and PDCCH MO, the pseudocode for the HARQ-ACK codebook construction can first operate across counter DAI values before moving to cells and PDCCH MOs as in Rel-15. Assuming scheduling from 30 kHz to 120 kHz, the existing 2-bit counter DAI is sufficient. It can also be sufficient for scheduling from 15 kHz to 120 kHz if the maximum number of DCI formats scheduling PDSCHs per PDCCH MO is limited to 4 (and different PDCCH MOs are used within a slot of the scheduling cell); otherwise, the counter DAI needs to increase to 3 bits. Especially for DL heavy TDD UL/DL configurations, it is not possible to provide different HARQ-ACK timings for four or eight PDSCHs scheduled at a same PDCCH MO without decreasing the supportable data rates. 

The tradeoff between multi-slot PDSCH scheduling and allowing multiple DCI formats at a same PDCCH MO to schedule respective multiple PDSCHs is that the former offers reduced PDCCH overhead and a smaller PDCCH blocking probability while the latter offers specification simplicity.

The alternative is to use multiple PDCCH MOs within a slot (using monitoringSymbolsWithinSlot). This can be supported by Rel-15 NR but will result to significant fragmentation of the schedulable resources on the scheduling cell and PDSCH reception will often need to be rate matched around CORESETs that do not convey any PDCCH. 

Proposal 1: Specify multi-slot scheduling for Rel-16 CA; otherwise, allow scheduling of 4 or 8 PDSCHs/PUSCHs on a scheduled cell by respective 4 or 8 DCI formats at a same PDCCH MO on a scheduling cell and support associated HARQ-ACK multiplexing in a same codebook using the counter DAI for HARQ-ACK ordering.


Requirements for Synchronous DC Operation 
In RAN#81, it was agreed that only synchronous NN-DC is supported in the Rel-15.
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In RAN#84, the exact meaning of synchronous NN-DC was discussed. There were at least two different interpretations that were not possible to conclude and RAN1 was tasked for a conclusion. The main discussion focused on whether synchronous NN-DC implies SFN-sync (e.g. RP-190992) or frame-sync (e.g. RP-191583) operation. Table 1 summarizes the discussion and the suggested trade-offs.

Table 1: SFN-sync for NN-DC vs frame-sync for NN-DC
	
	Synchronous NR-NR DC is SFN-sync
	Synchronous NR-NR DC is Frame-sync

	Understanding of the decision
	The decision to introduce only synchronous NN-DC in late drop was based on a consensus that there is no associated Layer 1 impact. 
To avoid Layer 1 impact, SFN-sync shall be guaranteed. 


	In LTE DC, EN-DC, and NE-DC, synchronous operation is about frame-sync. When RAN decided to introduce synchronous NN-DC, there was no discussion about having different interpretation of synchronous operation compared to the other architecture options. 
Mandating SFN-sync is a new requirement.

	Technical aspects
	Argued benefits of SFN-sync
1: UE is not required to decode MIB during PSCell addition procedure. Consequently, SCell addition procedure can apply to PSCell addition procedure from Layer 1 perspective. 
2: PSCell search duration is shorter. 
	Argued drawback of SFN-sync
1: SFN-sync can have unexpected impacts to NR deployments.



Regarding the suggested benefits of mandating SFN-sync, it is first noted that they may be applicable only for blind operation (i.e. PSCell addition without measurement). 

[bookmark: _GoBack]The main point of the first suggested benefit for SFN-sync is that the SCell addition procedure can apply to PSCell addition procedure and this is beneficial because NR PSCell addition requires MIB acquisition while SCell addition does not (a UE can skip MIB acquisition if SFN is synchronized between PCell and PSCell). However, reusing SCell addition procedure for PSCell addition procedure does not provide any actual gain in Rel-15 because a UE needs to anyway implement PSCell addition with MIB acquisition for EN-DC operation.
 
Observation 1: Regardless of SFN-sync NN-DC, a UE can re-use the EN-DC PSCell addition procedure for NN-DC PSCell addition. 


The main point of the second suggested benefit is that a UE can search/measure only specific SS/PBCH blocks in SFN-sync while the UE has to search/measure the whole SMTC window in SFN-unsync. Considering SMTC windows range from 1 msec to 5 msec with 2 msec being typical in FR1, the gain is in the order of a msec which is not significant (and only occur for PSCell addition without measurement). 

Observation 2: The second benefit of SFN-sync NN-DC is reduced search time of a few msec for PSCell addition. 
Observation 3: The motivation of limiting NN-DC to synchronous operation was to minimize specification/implementation impact, not for minor reduction in PSCell addition time.


As previously noted, mandating SFN-sync for NN-DC operation is a new requirement, does not exist for other DC architectures, and can incur various, including unforeseen, problems in deployments. For example: 
In release n, 
· An operator deploys both LTE and NR in FR1, NR in FR2, and NN-DC between FR1 and FR2.
· FR1 NR and FR2 NR are SFN-synchronized
· LTE and FR1 NR are not SFN-synchronized (as allowed in Rel-15)
Im release n+1,
· The operator decides to refarm LTE to NR (FR1)
· The operator needs to adjust SFN of an existing FR1 deployment to be synchronized to NR in FR2

It can be argued that the drawback in the above example is not significant. However, the point of the example is to show that mandating SFN-sync for NN-DC while other Rel-15 DC architectures may not be SFN-sync can require future adjustments, not all can be foreseen to assess and, considering that potential benefits of SFN-sync (when any) are not material, requiring only frame-sync for NN-DC is a safer and preferred choice.

Observation 4: Introducing a new requirement to DC architectures may have unexpected consequences in deployments.

Proposal 2: Synchronous NN-DC means frame level synchronization between cell groups. 


Conclusions
This contribution considered remaining aspects on CA and DC operation in Rel-16 NR and proposes the following.

Proposal 1: Specify multi-slot scheduling for Rel-16 CA; otherwise, allow scheduling of 4 or 8 PDSCHs/PUSCHs on a scheduled cell by respective 4 or 8 DCI formats at a same PDCCH MO on a scheduling cell and support associated HARQ-ACK multiplexing in a same codebook using the counter DAI for HARQ-ACK ordering.

Proposal 2: Synchronous NN-DC means frame level synchronization between cell groups. 

In addition, the following observations are made.

Observation 1: Regardless of SFN-sync NN-DC, a UE can re-use the EN-DC PSCell addition procedure for NN-DC PSCell addition. 

Observation 2: The second benefit of SFN-sync NN-DC is reduced search time of a few msec for PSCell addition. 

Observation 3: The motivation of limiting NN-DC to synchronous operation was to minimize specification/implementation impact, not for minor reduction in PSCell addition time.

Observation 4: Introducing a new requirement to DC architectures may have unexpected consequences in deployments.
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