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Introduction
In the following contribution we discuss the remaining aspects for carrier aggregation to include support of CA with up to 2 different numerologies. Furthermore, aspects related to HARQ codebook are discussed.
Carrier aggregation
When introducing support for CA with different numerologies a few aspects needs to be clarified. 
The first aspect to clarify is the timing parameter k in section 9.2.3 of [1]. It should be expressed in the numerology of the serving cell in which the PUCCH is located. Currently the text is ambiguous. One can note that if the numerology is the same on all serving cells this will not matter as the result will be the same. Below is an example text proposal capturing this aspect.
k in section 9.2.3 in 38.213 should be expressed in the numerology of the serving cell on which the PUCCH is transmitted on.
For cross carrier scheduling there are some specific issues arising from the fact that it is possible to aggregate carriers of different numerologies. For example, if a carrier with a lower numerology cross-carrier schedules a carrier of a higher numerology, the PDCCH load on the carrier of the lower numerology can potentially be very high as it would need to cover multiple high-numerology slots in a single slot. This topic was partly discussed at a previous WG meeting that preceded the RAN plenary where the down-scoping leading to limit CA to same numerology has been agreed. Hence it was not discussed further in any working group meetings how to handle this. To have a pragmatic approach for Rel-15 our proposal would be to exclude this case for Rel-15.
Cross-carrier scheduling from a lower numerology to a higher numerology is not supported in Rel-15.
Text proposal to 38.213
-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
[bookmark: _Ref500241945][bookmark: _Toc508784702]9.2.3	UE procedure for reporting HARQ-ACK
A UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception or a DCI format 1_0 indicating aSPS PDSCH release over a number of symbols where the last symbol is within slot , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format. 
For DCI format 1_1, the PDSCH-to-HARQ-timing-indicator field values map to values for a number of slots indicated by higher layer parameter DL-data-DL-acknowledgement as defined in Table 9.2.3-1 from a set of number of slots provided by higher layer parameter Slot-timing-value-K1. 
For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a PDSCH reception in slot  without an associated DCI format 1_0 or DCI format 1_1 detection and for HARQ-ACK transmission in a PUCCH, the UE transmits the PUCCH in slot  wherein k is given in the numerology of the serving cell that will transmit PUCCH ,unless the UE is provided higher layer parameter UL-DL-configuration-common, or higher layer parameter UL-DL-configuration-common-Set2 , or higher layer parameter UL-DL-configuration-dedicated indicating at least one symbol for the PUCCH transmission in slot  as a downlink symbol. 
If the UE detects a DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception over a number of symbols where the last symbol is within slot , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot , wherein k is given in the numerology of the serving cell that will transmit PUCCH.
HARQ-ACK transmission in a PUCCH is subject to the limitations for UE transmissions described in Subclause 11.1 and Subclause 11.1.1. 
· Table 9.2.3-1: Mapping of PDSCH-to-HARQ_feedback timing indicator field values to numbers of slots
	PDSCH-to-HARQ_feedback timing indicator 
	Number of slots 

	'000'
	1st value provided by DL-data-DL-acknowledgement

	'001'
	2nd value provided by DL-data-DL-acknowledgement

	'010'
	3rd value provided by DL-data-DL-acknowledgement

	'011'
	4th value provided by DL-data-DL-acknowledgement

	'100'
	5th value provided by DL-data-DL-acknowledgement

	'101'
	6th value provided by DL-data-DL-acknowledgement

	'110'
	7th value provided by DL-data-DL-acknowledgement

	'111'
	8th value provided by DL-data-DL-acknowledgement


-----------------------------------------<End of Text Proposal>-------------------------------------------------------------
Corrections to HARQ codebook
Power control for dynamic HARQ codebook (Type 2)
Section 9.1.3 of [1] currently determines the number of HARQ-ACK bits (for ≤11 bits) according to the following formula:


The first element within the first sum determines the number of missed assignments on cell c. Depending if this cell applies spatial bundling or not the parameter  is 1 (spatial bundling) or 2 (no spatial bundling). The second sum counts the actually received transport blocks and the last part SPS PDSCH receptions.
The intention of the formula is that  should count the missed assignments on cell c. However, the counter DAI value - even if received for serving cell c – does not count assignments for cell c only. The counter DAI  counts DL assignments across all cells, in cell-first, time-second manner. Figure 1 shows an example where a UE is scheduled 4 times and also receives all 4 DL assignments, but according to the current specification would determine it missed 3 assignments on cell 0. In this case the UE could actually determine (using a different rule than currently specified) that it did not miss any assignments since the cell 4 PDCCH contains  and cell 0 PDCCH in the next slot , therefore the UE could determine no DL assignment has been missed. 
[image: ]
[bookmark: _Ref509928238]Figure 1: The UE is scheduled 4 times and receives all 4 PDCCH but determines it missed 3 DL assignments on cell 0 (no mod-2 arithmetic applied for simplicity).
Another example is shown in Figure 2. Here the UE does not know where the missed DL assignment occurred, it could be on any cell. 
[image: ]
[bookmark: _Ref509929211]Figure 2: In this example the UE cannot determine in which cell the DL assignment has been missed (no mod-2 arithmetic applied for simplicity).
Given that NR supports multiple search spaces distributed within a slot and different numerologies it will be very difficult to find a rule that accounts for all possible cases. A more robust solution is to base the number of missed DL assignments on the last received total DAI or counter DAI (which comes later). The formula would then look like


[bookmark: _Hlk509930262] is the last received total or counter DAI and is the number of received DL assignments across all cells over the M PDCCH monitoring occasions. The UE cannot determine if the missed DL assignments required 1 or 2 bit (except if all cells have the same MIMO and bundling configurations). To be on the safe side, UE could assume  if any cell is configured with Number-MCS-HARQ-DL-DCI=2 and HARQ-ACK-spatial-bundling-PUCCH = FALSE , otherwise . The same also applies for the CBG-based formula.
In the formula to determine the number of HARQ-ACK bits for power control for Type 2 codebook:  Base the determination of missed DL assignments on the difference between last received total or counter DAI and number of received assignments across all cells.
A text proposal with above proposal as well as other minor corrections is provided in [2]. 

Conclusions
In this contribution we discuss remaining aspects of carrier aggregation to include support of CA with up to 2 different numerologies and provide corrections for the HARQ codebook determination in 38.213 [1].
1. k in section 9.2.3 in 38.213 should be expressed in the numerology of the serving cell on which the PUCCH is transmitted on.
1. Cross-carrier scheduling from a lower numerology to a higher numerology is not supported in Rel-15.
1. In the formula to determine the number of HARQ-ACK bits for power control for Type 2 codebook:  Base the determination of missed DL assignments on the difference between last received total or counter DAI and number of received assignments across all cells.
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