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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, the HARQ codebook construction as currently described in Subclause 9 analyzed.
Discussion – 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 a text proposal capturing this aspect.
Proposal 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.
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 WG meeting preceding 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.
Proposal 1-2: Cross-carrier scheduling from a lower numerology to a higher numerology is not supported in Rel-15.
Text proposal
-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
[bookmark: _Toc505772639]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 or PUSCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or a SPS 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 or PUSCH 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 9.2.1-1 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 9.2.1-1: 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>-------------------------------------------------------------


Discussion - HARQ codebook
HARQ feedback for DL assignments scheduled with fallback DCI and CBG
In the last meeting two agreements have been reached how to handle the case if UE is configured with CBG and is scheduled by fallback DCI 1_0:
Agreements:
· When the configured number of CBGs is assumed to N, and in case when N-bit HARQ-ACK is to be transmitted by the UE in response to the PDSCH transmission scheduled by fallback DCI:
1. The TB-level HARQ-ACK is repeated over all the N bits for the configured number of CBGs.
Agreements:
· For semi-static HARQ-ACK codebook, the UE provides CBG-based HARQ-ACK in response to detecting DCI format 1_0 for PDSCH reception on a cell with configuration for CBG-based HARQ-ACK

Considering these two agreements together suggests a UE should report TB-based HARQ feedback (repeated N times) if the PDSCH has been scheduled by the fallback DCI, except if the UE is configured with a semi-statically configured HARQ codebook: In this case the UE should report CBG-based HARQ feedback.
If the UE needs anyway to report a large semi-statically configured HARQ codebook (even if only a single DL assignment has been detected) the link performance gain by replacing N CBG HARQ feedback bits by N identical TB HARQ feedback bits is small. On the other hand, for a dynamic HARQ codebook, if UE detects only a single DL assignment, the link performance gain is large if gNB only needs to detect N identical bits compared to N independent bits. Therefore, we believe above interpretation of above agreements is correct. The current text in Section 9.1 of [1] specifies to always repeat the TB-based HARQ feedback N times, irrespective of HARQ codebook type. 
Proposal 2-1: If UE is scheduled by fallback DCI 1_0 and is configured with a semi-statically configured HARQ codebook, the UE reports HARQ feedback according to its CBG configuration (and not N times the TB-based HARQ feedback).
A text proposal for Section 9.1 in [1] adopting our understanding of above agreements is provided in Section 3.8.
MIMO configuration
Section 9.1 in [1] mentions several times “value of higher layer parameter Number-MCS-HARQ-DL-DCI for serving cell”. However, the parameter Number-MCS-HARQ-DL-DCI is defined per BWP and not per cell. It is proposed to clarify that Number-MCS-HARQ-DL-DCI  is configured per BWP rather than per cell.
Proposal 2-2: Clarify that parameter Number-MCS-HARQ-DL-DCI is configured per BWP and not per cell.
A text proposal for Section 9.1 in [1] with this clarification is provided in Section 3.8.
CBG-based HARQ feedback

In Section 9.1.3.1 in [1] for CBG-based feedback, the TB-based sub-codebook is determined based on  since for fallback DCI TB-based HARQ feedback is generated. However, even though the UE generates TB-based feedback it repeats the feedback N times. Therefore, the HARQ feedback needs to be included in the CBG-based HARQ sub-codebook. If the N bit large feedback would be included in the TB-based HARQ sub-codebook error cases would occur if the UE misses a DL assignment.



The TB-based HARQ sub-codebook should therefore be determined based on , i.e. should be replaced by . An according text proposal is provided in Section 3.8.

Proposal 2-3: The TB-based HARQ sub-codebook for HARQ feedback with CBG configuration should be determined based on .
SPS release in HARQ codebook with CBG configuration
The current text in Section 9.1.3.1 of [1] does not specify how to handle a detected PDCCH indicating SPS release on a cell configured with CBG. The current text specifies to replace TB-based feedback bit by a CBG-based bitmap. However, this does not apply to PDCCH indicating SPS release since there is no transport block.
It is proposed to add for each detected PDCCH indicating SPS release feedback to the TB-based HARQ sub-codebook (even though the PDCCH has been detected on a cell configured with CBG). The size of the HARQ feedback is either one or two bits, depending if any of the cells configured with TB-based feedback has configuration Number-MCS-HARQ-DL-DCI=2. The DAI(s) included in the PDCCH indicating SPS release is associated with the TB-based HARQ sub-codebook.
Proposal 2-4: Feedback for a PDCCH indicating SPS release detected on a cell with CBG configuration is added to the TB-based HARQ sub-codebook.
Default HARQ codebook
Prior RRC configuration, which HARQ codebook should the UE use until then? At the last RAN1 meeting this topic has been discussed and it was questioned if UE would need a HARQ codebook until it is RRC configured or if it is sufficient to assume 1 or 2 bit HARQ feedback transmissions.
Before a UE receives a dedicated RRC configuration it can only be scheduled using the fallback DCI and is limited to single layer/single port transmission. Furthermore, the gNB does not have any CSI feedback resulting in conservative scheduling. The initial bandwidth part can also be rather narrow (depending on RMSI COREST configuration). All these factors together can result in low data rates and that the dedicated RRC configuration is transmitted over several slots. In TDD, several PDSCH need to be acknowledged in a single PUCCH. If more than 2 bits need to be transmitted, a HARQ codebook is required. in TDD DL/UL pattern with 3 or 4 DL slots followed by a single UL slot up to 3 or 4 PDSCH need to be acknowledged requiring a HARQ codebook.
A dynamic HARQ codebook automatically adopts its size to accommodate the required number of HARQ feedback bits. A semi-static HARQ codebook would require appropriate configuration, a default semi-static HARQ codebook might be too small or large, depending e.g. on the TDD DL/UL pattern. The dynamic HARQ codebook seems therefore to be the simpler choice.
Proposal 2-5: Prior RRC configuration, the UE assumes a dynamic HARQ codebook.
Fixed HARQ codebook

The HARQ association set (slots for which HARQ feedback should be reported in a given PUCCH) is currently based on a set of slot timing values , on the time-domain resource allocation pdsch-symbolAllocation, on a TDD DL/UL pattern, and on a PDCCH configuration. 
The dependence of the HARQ association set on the PDCCH configuration complicates the design substantially. Given that the intention with a semi-statically configured HARQ codebook is simplicity and robustness we propose to remove the dependency of the HARQ association set on the PDCCH configuration.
Proposal 2-6: HARQ association set does not depend on PDCCH configuration.
The dependence on pdsch-symbolAllocation table is used to avoid overbooking of the HARQ codebook if PDSCH allocation overlap. This also implies that a reconfiguration of the table implies a differently sized HARQ codebook which is in our view undesirable. Furthermore, the HARQ codebook would reserve 7 bits (assuming Number-MCS-HARQ-DL-DCI=1 and no CBG) if pdsch-symbolAllocation would configure 7 non-overlapping Type B PDSCH. Such a Type B configuration could be useful to guarantee low latency, but gNB may not intend to schedule a second PDSCH when it already scheduled a PDSCH in the slot. In this case the HARQ codebook would contain entries of length 7 bitmaps, while a single bit would be sufficient. Furthermore, it is unlikely that all UEs in Rel-15 will support to decode 7 PDSCH within a slot, the HARQ entries per slot needs to be upper-bounded by the UEs ability on PDSCH decoding within a slot.
We therefore propose to decouple the semi-statically configured HARQ codebook size from pdsch-symbolAllocation.
Proposal 2-7: Decouple semi-statically configured HARQ codebook size from pdsch-symbolAllocation.
One approach would be to divide the slot into N sub-intervals, with e.g. N=2 one slot would be divided into two sub-intervals, the first sub-interval covering the first half of the slot, the second sub-interval covering the second half of the slot. In the HARQ codebook, 1 bit (or more bits, depending on Number-MCS-HARQ-DL-DCI  and CBG configuration) would be reserved for each sub-interval. 
HARQ feedback for a PDSCH starting in a given sub-interval would be inserted at the corresponding bit position of the length-N bitmap, see Figure 1.
[image: ]
Figure 1: Semi-statically configured HARQ codebook. A slot is divided into two sub-intervals (N=2). HARQ feedback for a PDSCH that starts in the first sub-interval in a slot is mapped to the first bit within the length 2 (N) bitmap associated with the slot. A PDSCH that starts in the second sub-interval is mapped to the second bit.
UE behaviour needs to be defined if multiple PDSCH starts within a sub-interval. One possibility is that UE reports HARQ feedback for the PDSCH associated with the latest PDCCH among those PDCCH scheduling PDSCH in the current sub-interval. However, if UE misses latest PDCCH UE acknowledges another PDSCH than gNB expects. A pragmatic way would be to restrict scheduling to one PDSCH start per sub-interval. 
Proposal 2-8: For the semi-static HARQ codebook, a slot interval is divided into N sub-intervals. In the HARQ codebook, for each slot and cell, N entries are reserved. HARQ feedback for a PDSCH starting in sub-interval i is inserted in the i-th entry.

Currently the semi-statically configured HARQ codebook does not provide for inclusion of SPS PDSCH or feedback for PDCCH indicating SPS release.
HARQ feedback for an SPS PDSCH can be easily included using above framework, SPS PDSCH HARQ feedback is reported in the bit that is associated with the sub-interval when SPS PDSCH starts. For PDCCH indicating SPS release it is proposed to add one extra bit to the HARQ codebook which is used for PDCCH indicating SPS release. One bit limits the number of PDCCH indicating SPS release to one within the duration of the HARQ association set, however, we believe this is no severe limitation.
Proposal 2-9: Add one bit to the semi-statically configured HARQ codebook for PDCCH indicating SPS release. This bit is added in case any of the cells included in the HARQ codebook is configured with SPS.
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-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
[bookmark: _Toc505848916]9	UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and SCG.
-	When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.
If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-	When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.
If a UE would transmit a PUCCH that has a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
If a UE transmits HARQ-ACK or semi-persistent CSI or periodic CSI on a PUSCH and the UE does not transmit aperiodic CSI on a PUSCH, the UE transmits the HARQ-ACK or semi-persistent CSI or periodic CSI on the PUSCH of the serving cell with smallest ServCellIndex.
[bookmark: _Toc505848917][bookmark: _Ref494282908][bookmark: _Toc492222132][bookmark: _Toc415085501]9.1	HARQ-ACK codebook determination
If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE generates HARQ-ACK information only for the transport block in the PDSCH. 
If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS PDSCH release, the UE generates one corresponding HARQ-ACK information bit.
If a UE is not configured with higher layer parameter CBG-DL = ON, the UE generates one HARQ-ACK information bit per transport block. 
If UE is not configured with HARQ-ACK-codebook the UE the assumes a Type-2 HARQ codebook.	Comment by Author: Proposal 2.5
[bookmark: _GoBack]A HARQ-ACK information bit value of 0 represents a negative acknowledgement (NACK) while a HARQ-ACK information bit value of 1 represents a positive acknowledgement (ACK).
[bookmark: _Ref500167871][bookmark: _Toc505848918]9.1.1	CBG-based HARQ-ACK codebook determination
If a UE is configured per serving cell with higher layer parameter CBG-DL = ON, the UE receives PDSCHs that include code block groups (CBGs) of a transport block. If the UE is configured by higher layer parameter CBG-DL = ON, the UE is configured by higher layer parameter CBGs-per-TB-DL per serving cell a maximum number  of CBGs for generating respective HARQ-ACK information bits for a transport block reception. 
For a number of  code blocks (CBs) in a transport block, the UE determines a number of CBGs as . Each of the first  CBGs includes  CBs, where CBG , includes CBs , and each of the last  CBGs includes  CBs, where CBG , includes CBs . The UE generates  HARQ-ACK information bits through a one-to-one mapping with the  CBGs. If the UE receives two transport blocks, the UE concatenates the HARQ-ACK information bits for the second transport block after the HARQ-ACK information bits for the first transport block. The UE generates an ACK for the HARQ-ACK information bit of a CBG if the UE correctly received all code blocks of the CBG and generates a NACK for the HARQ-ACK information bit of a CBG if the UE incorrectly received at least one code block of the CBG. 
A retransmission of a transport block to a UE, corresponding to a same HARQ process as a previous transmission of the transport block to the UE, includes the same CBs in a CBG as the initial transmission of the transport block. 
If DCI format 1_1 schedules the retransmission of the transport block and includes a CBG transmission information (CBGTI) field of  bits, where  is the value of higher layer parameter Number-MCS-HARQ-DL-DCI of the current active BWP for serving cell , the first  bits of the CBGTI field for the transport block have a one-to-one mapping with the  CBGs of the transport block. The UE determines whether or not a CBG is retransmitted based on a corresponding value of the CBGTI field where a binary 1 indicates that a corresponding CBG is retransmitted and a binary 1 indicates that a corresponding CBG is not retransmitted.  	Comment by Author: Proposal 2-2.
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the HARQ-ACK codebook includes the  HARQ-ACK information bits and, if  for a transport block, the UE generates a NACK value for the last  HARQ-ACK information bits for the transport block in the HARQ-ACK codebook. 
If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the UE correctly decoded in a previous transmission of the transport block.  
If a UE correctly detects each of the  CBGs and does not correctly detect the transport block for the  CBGs, the UE generates a NACK value for each of the  CBGs. 
If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, and if the UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the UE repeats  times the HARQ-ACK information for the transport block in the PDSCH for generating  HARQ-ACK information bits as described in Subclause 9.1.2. 	Comment by Author: Proposal 2-1: This applies only for dynamic HARQ CB and is moved into this section.
[bookmark: _Ref497329097][bookmark: _Toc505848919]9.1.2	Type-1 HARQ-ACK codebook determination
This subclause applies if the UE is configured with HARQ-ACK-codebook=semi-static.
If a UE receives only a PDSCH on the PCell, the UE determines a HARQ-ACK codebook only for the PDSCH. The following procedures for a HARQ-ACK codebook determination apply when the UE does not receive only a PDSCH on the PCell.
[bookmark: _Ref505248562][bookmark: _Toc505848920]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell  and the active DL BWP and the active UL BWP, as described in Subclause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . The determination is based:
a) 
on a set of slot timing values  provided by the union of the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} when scheduling is by DCI format 1_0 and the slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for scheduling with DCI format 1_1; and
b) when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]; and
c) when provided, on higher layer parameter UL-DL-configuration-common and higher layer parameter UL-DL-configuration-dedicated as described in Subclause 11.1; and
d) on a PDCCH monitoring periodicity, a PDCCH monitoring offset, and a PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell  as described in Subclause 10.1.
For the set of slot timing values , the UE determines  occasions for candidate PDSCH receptions according to the following pseudo-code. 
Set  - index of occasion for candidate PDSCH reception
Set 
Set 
Set  to the cardinality of set   Set k =0 – index of slot timing values in set 
while  
Set  to the set of rows provided by pdsch-symbolAllocation
Set  to the cardinality of , 
Set  – index of row provided by pdsch-symbolAllocation 
while 
if the UE is provided higher layer parameter UL-DL-configuration-common or higher layer parameter UL-DL-configuration-dedicated and at least one OFDM symbol of the PDSCH time resource derived by row  in slot  is configured as UL or slot , where  is the k-th slot timing value in set  and  is derived by row  of pdsch-symbolAllocation, does not include at least one configured PDCCH monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 
            ;
end if
; 
end while
Set  to the cardinality of 
Set  to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of 
while 
Set  
while 
if  for start OFDM symbol index  for row  
; - index of occasion for candidate PDSCH reception associated with row 
;

end if
; 
end while

;
Set  to the smallest last OFDM symbol index among all rows of ;
end while
; 
end while
For rows of pdsch-symbolAllocation associated with a same value of , where , the UE is not expected to receive more than one PDSCH in a same slot.  
If an occasion for a candidate PDSCH reception can be in response to a PDCCH with DCI format 1_1 and if higher layer parameter Number-MCS-HARQ-DL-DCI indicates reception of two transport blocks, when the UE receives a PDSCH with one transport block, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 
A UE shall determine  HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding PDCCH with DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG. 
Set  – serving cell index: lower indices correspond to lower RRC indices of corresponding cell
Set - HARQ-ACK bit index
Set  to the number of cells configured by higher layers for the UE
while 
Set  – index of occasion for candidate PDSCH reception
		while 
if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for the current active BWP on serving cell ,	Comment by Author: Proposal 2-2.
	 = HARQ-ACK bit corresponding to a first transport block of this cell;
	;
	 = HARQ-ACK bit corresponding to a second transport block of this cell;
;
elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for the current active BWP in serving cell ,	Comment by Author: Proposal 2-2.

 = binary AND operation of the HARQ-ACK bits corresponding to first and second transport blocks of this cell - if the UE receives one transport block, the UE assumes ACK for the second transport block;
;
elseif CBG-DL = ON, and  CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell ,
Set - CBG index
while 
 = HARQ-ACK bit corresponding to CBG  of the first transport block;
if the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for the current active BWP on serving cell 	Comment by Author: Proposal 2-2.
	 = HARQ-ACK bit corresponding to CBG  of the second transport block;
end if
;
end while
, where  is the value of higher layer parameter Number-MCS-HARQ-DL-DCI for the current active BWP for serving cell ; 	Comment by Author: Proposal 2-2.
else
	 = HARQ-ACK bit of this cell
	;
end if
;
end while
;
end while

[bookmark: _Toc505848921]9.1.2.2	Type-1 HARQ-ACK codebook in physical uplink shared channel
If a UE multiplexes HARQ-ACK in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.
If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 when a value of the DAI field in DCI format 0_1 is . The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when .
[bookmark: _Ref497329141][bookmark: _Toc505848922]9.1.3	Type-2 HARQ-ACK codebook determination 
This subclause applies if the UE is configured with HARQ-ACK-codebook=dynamic.
[bookmark: _Ref500250940][bookmark: _Toc505848923]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
Based on maximum and minimum PDSCH-to-HARQ_feedback timing values provided to a UE by higher layer parameter DL-data-DL-acknowledgement, the UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or DL SPS release on a serving cell  and for which the UE transmits HARQ-ACK in a same PUCCH based on respective PDSCH-to-HARQ_feedback timing values. The PDCCH monitoring occasions for PDSCH scheduling on serving cell  are determined based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell . The set of PDCCH monitoring occasions is defined as the union of PDCCH monitoring occasions across configured cells, ordered in ascending order of start time of the search space associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.
A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or DCI format 1_0 indicating downlink SPS release is present, up to the current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of PDCCH monitoring occasion index , where . 
The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or associated with DCI format 1_0 indicating downlink SPS release is present, up to the current PDCCH monitoring occasion and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 
Denote  as the value of the counter DAI in DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating downlink SPS release for serving cell  in PDCCH monitoring occasion  according to Table 9.1.3-1. Denote as the value of the total DAI DCI format 1_1 scheduling PDSCH reception or indicating downlink SPS release in PDCCH monitoring occasion  according to Table 9.1.3-1. The UE shall assume a same value of total DAI in all DCI formats 1_0 or DCI format 1_1 scheduling PDSCH reception(s) and DCI format 1_0 indicating downlink SPS release in PDCCH monitoring occasion .	Comment by Author: No total DAI in DCI format 1_0.
If the UE transmits HARQ-ACK in a PUCCH with PUCCH format 2 or PUCCH format 3 or PUCCH format 4, the UE shall determine the  according to the following pseudo-code:
Set  – serving cell index: lower indices correspond to lower RRC indices of corresponding cell
Set  – PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion
Set 
Set 
Set 
Set 
Set  to the number of cells configured by higher layers for the UE
Set  to the number of PDCCH monitoring occasion(s)
	while 
while 
if there is a PDSCH on serving cell  associated with PDCCH in PDCCH monitoring occasion , or there is a PDCCH indicating downlink SPS release on serving cell  
		if 
			
end if

if 
			
else 
	
if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and  is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in the current active BWP in at least one configured serving cell,	Comment by Author: Proposal 2-2.
	 = HARQ-ACK bit corresponding to the first transport block of this cell
	 = HARQ-ACK bit corresponding to the second transport block of this cell

elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and  is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in the current active BWP in at least one configured serving cell,	Comment by Author: Proposal 2-2.
 = binary AND operation of the HARQ-ACK bits corresponding to the first and second transport blocks of this cell

else
	 = HARQ-ACK bit of this cell
	
end if

end while

end while
if 
	
end if
if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and  is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in the current active BWP in at least one configured serving cell,	Comment by Author: Proposal 2-2.

else

 for any 
Set  
while 
if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the  monitoring occasions for serving cell 
= HARQ-ACK bit associated with the SPS PDSCH reception
end if
			;
end while
For a monitoring occasion of a PDCCH with DCI format 1_0 or DCI format 1_1 in at least one serving cell, when a UE receives a PDSCH with one transport block and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 
If a UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and the UE is configured with
· higher layer parameter HARQ-ACK-codebook=dynamic;
· higher layer parameter CBG-DL = ON for  serving cells; and
· 
higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for  serving cells where 
the UE shall determine the  according to the previous pseudo-code with the following modifications
· 

 is used for the determination of a first HARQ-ACK sub-codebook for TB-based PDSCH receptions;
·  is replaced by  for the determination of a second HARQ-ACK sub-codebook corresponding to the  serving cells for CBG-based PDSCH receptions, and
· Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the  serving cells, the UE generates  HARQ-ACK information bits, where  is the maximum value of  across all  serving cells where  is the value of higher layer parameter Number-MCS-HARQ-DL-DCI of the current active BWP for serving cell . If for a serving cell  it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell .	Comment by Author: Proposal 2.2
· The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;
· The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.
· If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE repeats  times the HARQ-ACK information for the transport block in the PDSCH for generating  HARQ-ACK information bits. 	Comment by Author: Proposal 2-1.

Table 9.1.3-1: Value of counter DAI in DCI format 1_0 and of counter DAI or total DAI DCI format 1_1
	DAI
MSB, LSB
	 or  
	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as  and 

	0,0
	1
	

	0,1
	2
	

	1,0
	3
	

	1,1
	4
	



· [bookmark: _Toc505848924]9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
If a UE multiplexes HARQ-ACK in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.
If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, with the following modifications:
-	For ,  and for ,  is replaced by  where  is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2
· For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook
· HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.
1. Table 9.1.3-2: Value of DAI in DCI format 0_1
	DAI
MSB, LSB
	  
	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as  and 

	0,0
	1
	

	0,1
	2
	

	1,0
	3
	

	1,1
	4
	



-----------------------------------------<End of Text Proposal>-------------------------------------------------------------
Conclusions
In this contribution we discuss aspects related to carrier aggregation with different numerologies and HARQ codebook construction. The following proposals are made and related text proposals are presented:
Carrier aggregation with different numerologies
Proposal 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.
Proposal 1-2: Cross-carrier scheduling from a lower numerology to a higher numerology is not supported in Rel-15.
HARQ codebook
Proposal 2-1: If UE is scheduled by fallback DCI 1_0 and is configured with a semi-statically configured HARQ codebook, the UE reports HARQ feedback according to its CBG configuration (and not N times the TB-based HARQ feedback).
Proposal 2-2: Clarify that parameter Number-MCS-HARQ-DL-DCI is configured per BWP and not per cell.

Proposal 2-3: The TB-based HARQ sub-codebook for HARQ feedback with CBG configuration should be determined based on  .
Proposal 2-4: Feedback for a PDCCH indicating SPS release detected on a cell with CBG configuration is added to the TB-based HARQ sub-codebook.
Proposal 2-5: Prior RRC configuration, the UE assumes a dynamic HARQ codebook.
Proposal 2-6: HARQ association set does not depend on PDCCH configuration.
Proposal 2-7: Decouple semi-statically configured HARQ codebook size from pdsch-symbolAllocation.
Proposal 2-8: For the semi-static HARQ codebook, a slot interval is divided into N sub-intervals. In the HARQ codebook, for each slot and cell, N entries are reserved. HARQ feedback for a PDSCH starting in sub-interval i is inserted in the i-th entry.
Proposal 2-9: Add one bit to the semi-statically configured HARQ codebook for PDCCH indicating SPS release. This bit is added in case any of the cells included in the HARQ codebook is configured with SPS.
References
[bookmark: _Ref503457088][bookmark: _Ref485295645][bookmark: _Ref481400987]R1-1801293, “DraftCR to 38.213 capturing the agreements from the RAN1 NR ad-hoc 1801 meeting,” Samsung
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