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1		Introduction
In this paper, we discuss a TP for TS 38.214, and remaining aspects of UE features for CCS with different numerology. 
2	Discussion
2.1 TP for 38.214
We have minor suggested text edits for 38.214. Instead of ‘PDSCH slot’, it is suggested to use ‘slot allocated for the PDSCH’ to align with the existing text in the resource allocation section (5.1.2.1). 
Proposal 1: Adopt the following TP for subclause 5.5, 38.214. 

[bookmark: _Toc32584948]<begin TP>
[bookmark: _Toc32584949]< unchanged text omitted >
This clause applies only if the PDCCH carrying the scheduling DCI is received on one carrier with one OFDM subcarrier spacing (µPDCCH), and the PDSCH scheduled to be received by the DCI is on another carrier with another OFDM subcarrier spacing(µPDSCH).
If the µPDCCH < µPDSCH, the UE is expected to receive the scheduled PDSCH, if the first symbol in the PDSCH allocation, including the DM-RS, as defined by the slot offset K0 and the start and length indicator SLIV of the scheduling DCI starts no earlier than the first symbol of the slot allocated for the PDSCH PDSCH slot starting at least Npdsch PDCCH symbols after the end of the PDCCH scheduling the PDSCH, not taking into account the effect of receive timing difference between the scheduling cell and the scheduled cell.
[bookmark: _Toc32584950]< unchanged text omitted >
[bookmark: _Toc32584951]<end TP>
2.2 UE features related to support of CCS with mixed numerology
This section discusses the UE  feature related aspects of CCS with mixed numerology, including additional features that were proposed in the input to the UE feature discussion on RAN1 reflector. 
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 2: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 

Proposal 3: 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 a 120 kHz Scell) is functional with full utilization (all slots schedulable) of the 120 kHz SCS. 

Proposal 4: 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.

Inline with proposal 4, we propose to add an additional UE feature (18-5a as shown below) on top of the baseline UE feature 18-5. This allows efficient support of a low-SCS scheduling cell and higher SCS scheduled cell. 

Proposal 5 : Add a new UE feature 18-5a : Cross-carrier scheduling with different SCS and increased number of DCIs per span for case of scheduling cell with lower SCS and scheduled cell of higher SCS
· Component description
· For scheduling cell of lower SCS and scheduled cell of higher SCS, for the set of monitoring occasions within a span of scheduling CC, 
· Processing up to X unicast DCI scheduling (DL and UL) per scheduled CC
· where X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· X = 4 for (15 kHz, 120 kHz), (15 kHz, 60 kHz), (30 kHz, 120 kHz), 
· X = 2 for (15 kHz, 30 kHz), (30 kHz, 60 kHz), (60 kHz, 120 kHz), 
· Note : This applies also to the case where there is a single span in the slot for the scheduling CC.
· In case UE supports 3-5b, the limits apply for each span for FDD scheduling cell and TDD scheduling cell. 
· Prerequisite feature groups: 18-5 and indicating support of Scheduling cell of lower SCS and scheduled cell of higher SCS
· Optional
Conclusion
In section 2, the following observations and proposals were made:
 Proposal 1: Adopt the following TP for subclause 5.5, 38.214. 

<begin TP>
< unchanged text omitted >
This clause applies only if the PDCCH carrying the scheduling DCI is received on one carrier with one OFDM subcarrier spacing (µPDCCH), and the PDSCH scheduled to be received by the DCI is on another carrier with another OFDM subcarrier spacing(µPDSCH).
If the µPDCCH < µPDSCH, the UE is expected to receive the scheduled PDSCH, if the first symbol in the PDSCH allocation, including the DM-RS, as defined by the slot offset K0 and the start and length indicator SLIV of the scheduling DCI starts no earlier than the first symbol of the slot allocated for the PDSCH PDSCH slot starting at least Npdsch PDCCH symbols after the end of the PDCCH scheduling the PDSCH, not taking into account the effect of receive timing difference between the scheduling cell and the scheduled cell.
< unchanged text omitted >
<end TP>

Proposal 2: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 

Proposal 3: 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 4: 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.

Proposal 5 : Add a new UE feature 18-5a : Cross-carrier scheduling with different SCS and increased number of DCIs per span for case of scheduling cell with lower SCS and scheduled cell of higher SCS
· Component description
· For scheduling cell of lower SCS and scheduled cell of higher SCS, for the set of monitoring occasions within a span of scheduling CC, 
· Processing up to X unicast DCI scheduling (DL and UL) per scheduled CC
· where X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· X = 4 for (15 kHz, 120 kHz), (15 kHz, 60 kHz), (30 kHz, 120 kHz), 
· X = 2 for (15 kHz, 30 kHz), (30 kHz, 60 kHz), (60 kHz, 120 kHz), 
· Note : This applies also to the case where there is a single span in the slot for the scheduling CC.
· In case UE supports 3-5b, the limits apply for each span for FDD scheduling cell and TDD scheduling cell. 
· Prerequisite feature groups: 18-5 and indicating support of Scheduling cell of lower SCS and scheduled cell of higher SCS
· Optional
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