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Summary
The following contributions [1-16] to RAN1 #94b were submitted to 7.1.3.3, and this summary focuses on the proposals relevant to DL/UL scheduling and HARQ management in Rel-15. Specifically, proposals are recommended for discussion this meeting in the following areas.
· Out-of-order HARQ
· DCI Buffering
· System information delivery
· Rx-to-Tx for a group of cells
· Capability #2 and HARQ ACK multiplexing
· Other aspects

This is a revision of R1-1811854. We have removed the proposals to shorten the file size here, so please refer to R1-1811854 for the proposals.
Out-of-order HARQ
Two companies [VIVO 4, Intel 7], provided refinements to out-of-order HARQ which warrant discussion.
Limits on overlapping PDSCH and PUSCH
First [VIVO] mentioned that out-of-order HARQ currently in specification ensures consistency among the starting points for PDSCH (and PUSCH) transmissions. However, there is not detail given with respect to the ending point. Note that there is not support for overlapping unicast PDSCH in Release 15, based on the UE features as provided in [17]. Therefore, RAN1 should adopt the following text proposal from VIVO.

[image: ]
Figure 1. Examples for DL and UL scheduling (from [4])

Proposal (offline consensus): The following TP is adopted for further clarification of out-of-order HARQ.
-------------------------------------------------- Start of Text Proposal for 38.214 ---------------------------------------------------------
[bookmark: _Toc517439443]5.1	UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH starting ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the ending symbol of the first PDSCH j with a PDCCH starting later that does not end earlier than symbol i.
< Unchanged parts are omitted >
-------------------------------------------------------- End of Text Proposal ----------------------------------------------------

-------------------------------------------------- Start of Text Proposal for 38.214 ---------------------------------------------------------
6.1	UE procedure for transmitting the physical uplink shared channel
< Unchanged parts are omitted >
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol jthe ending symbol of the first PUSCH by a PDCCH starting laterthat does not end earlier than symbol i.
< Unchanged parts are omitted >
-------------------------------------------------------- End of Text Proposal ----------------------------------------------------
Back-to-back uplink transmissions
Currently in specification, a PDSCH is not expected to be transmitted for the same HARQ process until after the HARQ-ACK has been transmitted. The provides some reasonable constraint on dynamic scheduling that helps simplify implementation and testing. It was noted by [Intel] that the equivalent limitation for the uplink has not been captured in specification but should be this meeting. The following proposal is provided from [Intel].
Proposal (from [Intel]):
· For each HARQ process ID, the UE is not expected to receive a scheduling DCI for a unicast PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH, including any repetition of the PUSCH, of an earlier transmission on the same HARQ process ID.

Proposal (offline consensus): RAN1 clarifies operation by adopting the TP below, which corresponds to updating a previous agreement for a condition associated with grant-based repetition of a TB which was not captured in specification. 
-------------------------------------------------------- Start of Text Proposal for 38.214 ----------------------------------------------------
< Unchanged parts are omitted >
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.
-------------------------------------------------------- End of Text Proposal for 38.214 ----------------------------------------------------
The previous agreement is noted below.
RAN1#88
Agreements:
For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)

Also for reference, following wording in specification for the downlink from 38.214 is provided.
“The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6].”
DCI Buffering
From last RAN1 #94, the following working assumption was captured to rule out unnecessary flexibility with large K0/K2 values in dynamic scheduling.
Working assumption: 
· The UE is not required to store more than 16 scheduling DCI for PDSCH on a given cell, among all scheduling DCI received prior and up to the current slot
· FFS the applicability to broadcast PDSCH or not
· FFS the applicability to activation/deactivation DCI
· The UE is not required to store more than 16 scheduling DCI for PUSCH on a given cell, among all scheduling DCI received prior and up to the current slot

In this meeting, there were no objections to the above working assumption, although several points were brought up.
First, regarding the FFS, [Huawei 1, Qualcomm 14, DCM 15] proposed to extend the DCI for PDSCH limitation to activation/de-activation DCI, and [Huawei, Qualcomm] further extended these to broadcast DCI. Finally, [Qualcomm] additionally included DCI formats 2_x. 
It seems that the proposal from [Huawei] should be a reasonable compromise to address the FFS. Please see later on max valid DCI below.
Both [DCM,Qualcomm] indicated that it would be beneficial to scale this per-cell constraint up to CA, but taking into account UE capabilities (e.g., blind decoding) and how much can be scaled linearly with number of CCs. Since the blind decoding directly corresponds to the number of DCI which would need to be buffered, this would be an important and consistent limit to place in specification and further simplify implementation.
Proposal (offline consensus): RAN1 confirms the working assumption with the following TP to 38.213:
-------------------------------------------------------- Start of Text Proposal for 38.213 ----------------------------------------------------
< Unchanged parts are omitted >
For a serving scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs with DCI formats 1_0 or 1_1 and scrambled with either C-RNTI, CS-RNTI, MCS-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs with DCI formats 0_0 or 0_1 and scrambled with either C-RNTI, CS-RNTI, MCS-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol. 
-------------------------------------------------------- End of Text Proposal for 38.213 ----------------------------------------------------

Both [DCM,Qualcomm] indicated that it would be beneficial to scale this per-cell constraint up to CA, but taking into account UE capabilities (e.g., blind decoding) and how much can be scaled linearly with number of CCs. Since the blind decoding directly corresponds to the number of DCI which would need to be buffered, this would be an important and consistent limit to place in specification and further simplify implementation.
Proposal (offline consensus): The following should be adopted to address CA:
-------------------------------------------------------- Start of Text Proposal for 38.213 ----------------------------------------------------
< Unchanged parts are omitted >

Additionally, if a UE is configured with  downlink cells, and the UE indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for  downlink cells, then a UE expects to have received at most X PDCCHs with DCI formats 1_0 or 1_1 and scrambled with either C-RNTI, CS-RNTI, MCS-RNTI scheduling X PDSCH receptions for which the UE has not received any corresponding PDSCH symbol, where X =  over all aggregated downlink cells.


Additionally, if a UE is configured with  uplink cells, and the UE indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for  downlink cells, then a UE expects to have received at most X PDCCHs with DCI formats 0_0 or 0_1 and scrambled with either C-RNTI, CS-RNTI, MCS-RNTI scheduling X PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol, where X =  over all aggregated uplink cells.

-------------------------------------------------------- End of Text Proposal for 38.213 ----------------------------------------------------
Finally, [Qualcomm] pointed out although the above agreement implies that that the UE can receive both multiple uplink and downlink grants and store a total number of 32 scheduling DCI. When further looking at the instances where this may occur, [Qualcomm] provided illustrations both for TDD and FDD where such a flexibility unnecessary. For instance, when applied to TDD, the RTT would be quite long and the control channel utilization might be strained. In the case of FDD, the RTT seems unnecessarily strained and moreover it would not be desirable to operate with 16 HARQ processes and have an RTT worse than LTE. (Note the RTT would be worse if DCI were distributed across multiple control occasions.)


Figure 4. Flexibility in scheduling under current working assumption (from [12])

Alternatively, [Huawei] puts forth limits on the number of valid scheduling DCI supported per monitoring occasion, which may be more stringent than those provided by [Qualcomm]. 
Therefore, we consider the following proposal below to capture these limitations to some degree. Note that by limiting the number of stored DCI, there is an implicit limit on the maximum number of valid DCI within a monitoring occasion.
Proposal (needs discussion): Whether we can further limit total scheduled DCI to 16.
Through the course of the discussion, it was also raised that there are alternative ways to handle the number of maximum valid DCI decoded within a monitoring occasion in terms of UE capabilities. It was noted that by Intel offline that there is already a limit for baseline UE capability:
· FG# 3-1 (mandatory w/o capability signaling): Components 5) and 6)
· 5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
· 6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD

There is another limit to the additional UE capability:
· FG #3-5a (optional w/ capability signaling): 
· For type 1 CSS with dedicated RRC configuration, type 3 CSS and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2, with minimum time separation (including the cross-slot boundary case) between two DL unicast DCIs , between two UL unicast DCIs, or between a DL and an UL unicast DCI in different monitoring occasions for a same UE as:
· 2OFDM symbols for 15kHz
· 4OFDM symbols for 30kHz
· 7OFDM symbols for 60kHz with NCP
· 14OFDM symbols for 120kHz
· In addition for TDD the minimum separation between the first two UL unicast DCIs in the first monitoring occasion within the first 3 OFDM symbols of a slot can be zero OFDM symbols.

Therefore, the only remaining areas which could benefit from limitation are in the following proposal:
Proposal (consensus to introduce to UE features): The following existing UE features should have the following additional description.
· FG #3-5:
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2
· FG #3-5b:
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
· For the set of monitoring occasions which have the same starting symbol, 
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD

System Information Delivery
Continuing with the previous discussion on back-to-back re-transmissions, [Qualcomm 14] mentioned that the delivery of system information also involves repetition combining, and it would be beneficial for implementation if those timelines were consistent with unicast data constraint, i.e., the constraint where “A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of 38.214.”  Therefore, the following is proposed.
Proposal (also for discussion with 7.1.1.1 and convergence on the gap):  The following text proposal should be captured in specification.
------------------------------ Start of Section 5.1 of TS 38.214 -----------------------------------
<unchanged text omitted>
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i. For any PDSCH corresponding to SI-RNTI, the UE does not expect the same transport block for the same SS/PBCH block to be repeated with a starting symbol less than 14 symbols after the last symbol of that PDSCH.
<unchanged text omitted>
------------------------------ End of Section 5.1 of TS 38.214 -----------------------------------
Also, it was pointed out by III that MCS-C-RNTI should be reflected in the text of 38.214 regarding SI delivery.
Proposal: The following text proposal should be adopted.
-------------------------------------------- Begin of Text Proposal in TS38.214------------------------------------------
5.1 UE procedure for receiving the physical downlink shared channel
<unchanged text omitted>
On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI requires Capability 2 processing time according to subclause 5.3 in which case the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI.
<unchanged text omitted>
--------------------------------------------- End of Text Proposal in TS38.214---------------------------------------------
Rx-to-Tx
Some text proposals were provided from [DCM 15] to address the Rx-to-Tx and Tx-to-Rx timing specifications in 38.211 subclause 4.3.2 in the case of aggregated cells for which the UE cannot support full duplex operation. Since the specification of 38.211 is more focused on the timing relation for UE behavior, but after some further offline discussion it was decided to further extend this behaviour to include cases where UE is not capable of full duplex across a group of cells. 
Proposal: The following update should be made to 38.211.
-------------------------------- Text Proposal for TS 38.211 --------------------------
[bookmark: _Toc524610184]4.3.2	Slots
< … unchanged text omitted … >
A UE not capable of full-duplex communication among a group of cells is not expected to transmit in the uplink in one cell within the group of cells earlier than  after the end of the last received downlink symbol in the same or a different cell within the group of cells where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication among a group of cells is not expected to receive in the downlink in one cell within the group of cells earlier than  after the end of the last transmitted uplink symbol in the same or a different cell within the group of cells where  is given by Table 4.3.2-3.
-------------------------------- End of Text Proposal for TS 38.211 --------------------------

Capability #2 and HARQ-ACK multiplexing
The following agreement was made last meeting with one remaining FFS below. 
Agreements:
· If a first DCI has indicated a first PUCCH resource for HARQ-ACK bits associated to the PDSCH scheduled by this DCI
· If due to a second DCI, additional HARQ-ACK bits are to be multiplexed on the same slot as the first PUCCH resource, the UE is not expected to multiplex additional HARQ-ACK bits if the last symbol of second DCI is not earlier than N OFDM symbols before first symbol of the first PUCCH resource, where for UE Capability #1 the N values are:
· 15 kHz case: 8
· 30 kHz case: 10
· 60 kHz case: 17
· 120 kHz case: 20
· FFS values to be used for Capability #2 (e.g., 3, 4.5, and 9 for 15kHz, 30kHz, and 60kHz respectively)

In this meeting, [Intel 7] proposed to address the FFS by providing additional times for Capability #2, while [Qualcomm 14] suggested that such an addition is not critical for Rel-15 CR. I.e., this flexibility for re-defining HARQ-ACK resources on PUCCH seems be most beneficial to EMBB nominal latency use cases in TDD. In the case of URLLC or other low latency use cases, the flexibility seems less beneficial since those cases would already have tightened the time between any PDSCH and HARQ-ACK. 
We note that in an extreme case, there may be some advantage to providing a Capability #2 timeline for this HARQ-ACK multiplexing, but this would mainly benefit UEs which differentiate services and provide support for both simultaneously. Such UE enhancements should be the subject of Rel-16 (rather than late CR to Rel-15), where intra-UE multiplexing can be comprehensively handled.
In any case, the following proposal is provided for discussion.
Proposal: Adopt the following text proposal for TS38.213, Section 9.2.3:
-------------------------------------------- Text proposal starts for TS 38.213, Section 9.2.3----------------------------------------

















If a UE detects a first DCI format 1_0 or DCI format 1_1 indicating a first resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot and also detects at a later time a second DCI format 1_0 or DCI format 1_1 indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in the slot, the UE does not expect to multiplex HARQ-ACK information corresponding to the second DCI format in a PUCCH resource in the slot if the PDCCH reception that includes the second DCI format is not earlier than  symbols from a first symbol of the first resource for PUCCH transmission in the slot where, for UE processing capability 1 and subcarrier spacing configuration ,  for ,  for ,  for ,  for , and for UE processing capability 2 and subcarrier spacing configuration ,  for ,  for ,  for . 
-------------------------------------------- Text proposal ends for TS 38.213, Section 9.2.3------------------------------------------
Other
Scheduling Related
In this session, some issues related to slot aggregation and HARQ re-transmission were discussed by [Huawei 1, Qualcomm 14], but since these are related to grant-free operation we recommend that they be treated with UL transmission procedures session. 
A proposal to terminate the HARQ process for DL aggregation was proposed by [LG 2], along with some minor editorial text proposals. Given that only one HARQ-ACK is to be reported for the aggregated PDSCH transmission, where the HARQ-ACK timing indicator is with respect to the end of the PDSCH repetition, it seems that the network would not have sufficient information on when to early terminate. Hence, such a feature for early termination would not be useful, and so we leave this proposal out of Release 15.
Lastly, [Samsung 8] requested that the text of 38.214 reflect the different associated capabilities for CA with mixture of Capability #1 processing time or Capability #2 advanced processing time. It is not clear this is needed, moreover redundancies in specification may be prone to error if not properly synchronized with RAN2 specifications regarding the same capabilities. Therefore, we recommend no change to existing specification text and rely on the description in 38.306.
Clarification to 38.202
Some clarifications on 38.202 were provided by [Panasonic 16]. The editor will discuss these directly, as they are mainly refinements of wording upon correct agreements. However, at least one correction will be provided in the next CR of 38.202, to reflect that RACH procedure is permitted on PSCell.
Proposal: The following correction to 38.202 should be adopted. 
-------------------------------- Text Proposal for TS 38.202 --------------------------

Table 6.2-2: Downlink "Reception Type" combinations
	UE capability
	Supported Combinations 
	Comment

	
	PCell
	PSCell
	SCell
	

	
	
	
	
	

	1. RRC_IDLE

	
	A + (B and/or C1 and/or D0)
	
	
	Note 1

	2. RRC_INACTIVE

	
	A + (B and/or C1 and/or D0)
	
	
	Note 1

	3. RRC_CONNECTED

	
	 A + C0 + (B and/or (D0 or D1)) + E + F + G + H + J0 + J1 + J2 + K
	A + C0 (D0 + or D1) + E + F + G + H + J0 + J1 + J2 + K
	D1 + F + G + H 
+ J0 + J1 + J2 + K
	Note 2

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.




-------------------------------- End of Text Proposal for TS 38.202 --------------------------
HARQ-ACK Related
Note that this section will be handled in the CA session. These are highlighted here for information.
Mixed numerology HARQ-ACK timing indication
It was brought up by [Huawei 1, Sharp 13] that the text for HARQ-ACK timing indication with mixed numerology may not be captured clearly, i.e., that a formula may be better to replace the current text which reflects the agreement principles. A diagram from [Huawei] is provided for reference, and their text proposal is given below. Note that this has not necessarily been raised as an issue of ambiguity, so it may not be essential.


[image: ]
[bookmark: _Ref520535153]Figure 3. Slot determination of PUCCH with different numerologies (from [1])

-------------------------------- Text Proposal for TS 38.213 Subclause 9.2.3 --------------------------
[bookmark: _Ref500241945][bookmark: _Toc517265064]9.2.3	UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >


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 in slot [image: ] or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ] if the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing; otherwise, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot, where [image: ] is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK, and are the subcarrier spacing configurations for PDSCH and PUCCH, respectively. If the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH transmission. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.    
HARQ-ACK information transmission in a PUCCH is subject to the limitations for UE transmissions described in Subclause 11.1 and Subclause 11.1.1. 
< Unchanged parts are omitted >
------------------------- End of Text Proposal for TS 38.214 Subclause 9.2.3--------------------------
 
Mixed numerology HARQ-ACK codebook
Although the HARQ-ACK timing indication for the mixed numerology case was addressed, [Ericsson, 17] found an issue with the HARQ-ACK codebook either (1) being inefficient or (2) losing HACK-ACK information due to insufficient codebook size. The following observations from [Ericsson] are re-iterated here.
PUCCH numerology smaller than PDSCH numerology. When PUCCH numerology is smaller than PDSCH numerology  the duration of one PUCCH slot covers multiple DL slots. The K1 values that indicate the slot for PUCCH are counted in the numerology of PUCCH and according to agreed K1-numbering K1=0 points to the UL slot that overlaps the DL slots, i.e. for each of the overlapped DL slots K1=0 points to the same UL slot. When PDSCHs contained in the DL slots overlapped by one UL slot should be acknowledged in the same PUCCH, the same K1 value would be included in each scheduling DCI. An example where the DL numerology is twice the UL numerology is provided in Figure 1. For the Type 1 HARQ codebook the signaled K1 value determines in addition to the PUCCH slot also the position of the HARQ feedback bit within the HARQ codebook. Since all DCI contain the same K1 value, the HARQ feedback bits collide. 
[image: ]
Figure 1: DL numerology is twice the UL numerology. HARQ feedback bits of PDSCH within the same UL slot duration collide (from [15])

Observation 1: When DL numerology is higher than UL numerology, HARQ feedback bits associated with different DL slots collide in the fixed HARQ codebook.

PUCCH numerology larger than PDSCH numerology. In this configuration multiple UL slots overlap a DL slot duration. An example is provided in Figure 3 where PUCCH numerology is twice the PDSCH numerology. PUCCH is contained in the second slot within the last DL slot duration. The configured K1 values are K1={1,2,3,4,5,6} but for PUCCH in the second slot only the values K1={2,4,6} are needed. K1 values K1={1,3,5} point to PUCCH in the first UL slot within the DL slot duration. To enable PUCCH in both UL slots all K1 values K1={1,2,3,4,5,6} must be configured and thus the HARQ codebook has six entries. However, each PUCCH carries at most three true HARQ feedback bits, the remaining three bits are fixed NACK bits. 
[image: ]
Figure 3: UL numerology is twice the DL numerology. PUCCH is transmitted in the second UL slot within the last DL slot duration. From the configured K1={1,2,3,4,5,6} only K1={2,4,6} can point to this UL slots; K1={1,3,5} point to the previous UL slot. (from [15])

[bookmark: _Toc525911244]Observation 2: When DL numerology is smaller than UL numerology, the HARQ codebook size may be unnecessarily large since it can contain filler NACK entries for K1 values that cannot point to the PUCCH.

Although the latter issue is inefficient but not critical, the former issue may be significant since some HARQ-ACK information may be lost for some configurations which may be typical among deployments. Therefore, since it is simple to fix both with similar text, it is recommended that the proposals from [Ericsson] be discussed and agreed in the CA session as part of the HARQ-ACK codebook CRs.
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