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1. Introduction
In this document we discuss following: 
· Multiple DCIs in single MO and HARQ feedback in same codebook 
· Data rate handling for Rel-16 intra-FR NR-DC
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2. Multiple DCIs in single MO and feedback in same HARQ codebook 
In RAN1#97 meeting, the following agreement and conclusion were made : 
Agreements:
· For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), support using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH), where M<=N (for slot aggregation, M<N) following at least one of the following rules (potential down-selection can be done during Rel-16 UE feature discussion):
· Alt 1a: Define max number of unicast DCIs that the UE is expected to decode in each span of PDCCH symbols
· Further discussion only for unicast DCI or not
· Alt 1b: Define an increased number of valid unicast DCIs per PDCCH monitoring occasions
· Alt 1c: based on Rel-15 FG 3-5/3-5b 
· Further discussion whether some additional clarification is needed or not  potential clarification can be discussed under UE features

Conclusion:
If the number of valid unicast DCIs at the same monitoring occasions is increased in the UE feature discussion, further discuss whether/how to update the HARQ-ACK codebook and PUCCH resource determination.

For improved scheduling flexibility (e.g. contiguous scheduling) and efficient operation, especially in case of low SCS scheduling high SCS, it is likely that all identified alternatives would need for supporting reception of multiple valid DCIs in a monitoring occasion. Therefore, updating HARQ-ACK codebook and PUCCH resource determination for such a case seems valuable and if it is done earlier, then it can also form an input to the UE feature discussions.  

Regarding specifying upper limits on maximum number of unicast DCIs per scheduled cell and across scheduled cells, in our view this should be handled via UE capability signalling framework, while avoiding unnecessary scheduling restrictions limiting usage of cross-carrier scheduling. Couple of examples below: 1) considering a 30 kHz SCS CC supporting scheduling of 4 additional CCs of 120 kHz, at least an additional 4 (# Scells) * 4 (#slots of 120 kHz per slot of 30 kHz) = 16 unicast DCIs per slot of 30kHz CC should be supported for scheduling the Scells, in addition to any existing unicast DCIs for self-scheduling case. 2) considering a 30 kHz SCS CC supporting scheduling of another CC in FR1 and 4 CCs of FR2, at least an additional 1(#Scells in 30kHz) *(1+2) + 4 (# Scells in 120 kHz) * 4 (#slots of 120 kHz per slot of 30 kHz) ~ 20 unicast DCIs per slot of 30kHz CC should be supported for scheduling the Scells, in addition to any existing unicast DCIs for self-scheduling case. 

The issue of receiving multiple DCIs in a single MO and corresponding feedback multiplexing in same HARQ codebook and PUCCH resource determination has been discussed multiple times during Rel-15 (including draft TPs and proposals e.g. [1][2]).  For PUCCH resource determination, a simple rule can be considered such as start time of PDCCH and lowest absolute frequency of the PDCCH.


[bookmark: _Hlk16786937]Proposal 1: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 

Proposal 2: Update HARQ-ACK codebook and PUCCH resource determination to enable reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook.

Based on previous discussions, it seems one issue is that different companies may have different understanding of the meaning of monitoring occasions, particularly with respect to different functionalities (e.g. reception of multiple DCIs in a slot and with the corresponding HARQ feedback in a same HARQ codebook, and the definition of monitoring occasions used in the feature group 3-5b definition). According to 3-5b, the number of monitoring occasions within a span (with largest duration of 3 symbols) could be as large as 5 or 6 and that if #DCIs per MO is increased, it becomes too large. 

From our point of view, in that case, at least from capability perspective, we are fine to consider an upper limit on the total #DCIs in a span, while ensuring the UE capability for that is defined accordingly to ensure the extreme cases (15 kHz cell scheduling 120 kHz Scell) is functional with full utilization (all slots schedulable) of the 120 kHz SCS. 

Proposal 3: Define max number of unicast DCIs that the UE is expected to decode in each span of PDCCH symbols. In this case, UE also supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook.

3. Data Rate handling for Rel-16 NR-DC
For Rel-15, the Data rate related TBS restriction is applied on a per-FR per-CG basis. Thus, a UE configured with one cell group and with FR1+FR2 CA would have a per-FR1 cap and a per-FR2 cap. Similarly, a UE configured with two cell groups with FR1 carrier in MCG, and FR2 carriers in SCG will have a per-FR1 cap for MCG, and a per-FR2 cap for SCG. The caps are determined based on data rate value calculated from the data rate formula in 38.306 using the reported feature set(s) and band combination signalling as captured in 38.214. A per-CC cap is applied for PDSCH/PUSCH capability#2 processing time or implicit MCS based retransmissions. 
In Rel-15, the data rate partitioning (or determination) across cells groups and across frequency range is based on the feature sets consistent with the capabilities reported by the UE and described in 38.213. 
In [3], it was proposed to include a cap on per-CG basis only allowing data rate sharing across carriers in FR1 and FR2. Such a scheme can allow more scheduling flexibility at the gNB, improve overall performance, if UE implementation can handle such scenarios. 
Another aspect to consider is how data rate can be handled by MCG and SCG for carriers in same frequency range. Consider following case for a UE configured with an MCG and SCG 
· MCG in FR1 and in FR2 
· SCG in FR1 only
For FR1, since both MCG and SCG have the carriers in FR1, flexible data rate sharing as per Rel-15 based on feature sets across CGs might need some consideration since the DataRate computation for FR1 carriers in MCG and DataRate computation for FR1 carriers in SCG may together exceed the UE processing capability. This aspect needs to be also considered. One possible update is that the data rate for a CG is the maximum data rate based on the band/band combination signaling and feature set information for carriers in a frequency range in one cell group from the capability signaling associated with multiple cell groups – since the SCG (and MCG) know the feature set partition that the SCG can use, the SCG can determines the data rate schedulable for a UE within SCG.
Proposal 4: Update the data rate handling specified in 38.214 to account for case when MCG and SCG are configured with CCs in same frequency range. For that case, maximum data rate is calculated based on the band/band combination signalling and feature set information for carriers in a frequency range in one cell group from the capability signalling associated with multiple cell group.

4. Conclusion

Proposal 1: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 

Proposal 2: Update HARQ-ACK codebook and PUCCH resource determination to enable reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook.

Proposal 3: Define max number of unicast DCIs that the UE is expected to decode in each span of PDCCH symbols. 
In this case, UE also supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook.
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