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1 Introduction
This contribution addresses leftover issues on carrier aggregation (primarily focusing on HARQ-ACK codebook determination) and bandwidth part operation.
2 Corrections to BWP operation
2.1 Impact of RAN2 decision on initial BWP configuration

At the RAN2 #102 meeting, it was agreed that: 

At P/SCell addition and at HO it shall be possible that the UE immediately uses a BWP as configured by the network and not be limited to initially using the Initial BWP as in system information (which may be limited in bandwidth).

Consequently, two options were communicated in a RAN2 LS to RAN1 on how to achieve this agreement. RAN1 replied to RAN2 that either option could be supported though Option2 has some impact to RAN1 specifications.

Option 1: BWP-DownlinkCommon/UplinkCommon for initialDownlink/UplinkBWP (BWP ID #0) plus BWP-Downlink/Uplink for one configured downlink/uplinkBWP (BWP ID #1);

Option 2:BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0).
RAN2 has agreed to support both options for a UE capable of basic BWP operation with restriction (feature group #6-1) as mandatory without IOT bit [1]. Here we analyze the RAN1 impact to support both options.

Option 1 functionality is already implemented in the RAN1 specification. An idle mode UE acquires CORESET #0 information from pdcch-ConfigSIB1 contained in MIB. The UE then acquires SIB1 contained in a PDSCH scheduled by DCI format 1_0 addressed to the SI-RNTI. The initial DL/UL BWP configurations are provided by ServingCellConfigCommonSIB contained in SIB1 and the BW of the initial DL BWP (BWP #0) must match the CORESET #0 BW taken from the set {24, 48, 96} RBs. For PSCell or SCell addition, a similar IE ServingCellConfigCommon contains BWP #0 configuration and the UE does not have to read SIB1. To implement the RAN2 agreement and Component 4 of feature group 6-1, a UE-specific BWP encompassing CORESET #0 and the SSB can be configured for a UE.

Option 2 also seeks to achieve the same functionality as Option 1 but the critical difference is that Option 2 provides LTE-like behavior where the initial BWP provided by SIB1, or dedicated signaling when adding a SCell, is not restricted to CORESET #0 but can take any value up to the maximum BW specified for the frequency band in 38.101. For SA deployment, the network has to ensure that the initial BWP configurations provided in SIB1 (ServingCellConfigCommonSIB) are same as those provided in ServingCellConfigCommon (for HO or P/SCell addition). 
One specification impact of Option2 is that SIB1 PDSCH BW (equivalently CORESET #0 BW) is different from the PDSCH BW for receiving any other common control information in idle mode (i.e. other SI messages, paging and RA messages). If for any reason a connected mode UE has to read SIB1 again, the UE has to adjust its PDSCH BW back to CORESET #0 BW. This does not introduce any retuning delays as long as CORESET #0 is fully contained within BWP #0. The initial active DL BWP is defined either by CORESET #0 for receiving SIB1 or by the configuration provided by ServingCellConfigCommonSIB or ServingCellConfigCommon. 

Another consequence of Option2 is that the DCI format 1_0 payload size for receiving SIB1 is different from format 1_0 scheduling other PDSCHs. To avoid two possible DCI 1_0 sizes in a CSS, the DCI size should be determined by the BW of the initial DL BWP configuration provided by ServingCellConfigCommonSIB or ServingCellConfigCommon. This should be okay since the motivation for Option2 is to provide an initial BWP that can be larger than CORESET #0 BW. If a connected mode UE needs to read SIB1 the addressable PDSCH region for SIB1 should be the same as CORESET #0 and the UE determines the frequency resource allocation from the 
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LSBs of the frequency resource allocation field of DCI format 1_0.  

Another consideration of Option 2 can be seen for the following RAN1 #92bis agreement,

Agreements:

· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:

· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in

· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.

· The case of TC-RNTI is a working assumption

· The case of C-RNTI/CS-RNTI is at least applicable to non-CA case and Pcell in CA

· FFS other cases

The background to this agreement was twofold. Firstly, for a group of UEs monitoring the same CSS, it is possible for the network to configure different active DL BWPs yet provide common control information by restricting the starting RB and number of RBs of the addressable PDSCH BW to a configured CORESET that is common to all the UEs. Secondly, a design target was to limit the number of DCI payload sizes a UE decodes in a slot. This resulted in the limitation of the maximum number of RBs to the size of the initial DL BWP.

An illustration of the possible configuration scenarios is shown in Figure 1. Figure 1(a) is a typical case for Option 1, where the BW of BWP #0 is same as CORESET #0 and the UE-specific BWP (BWP #1) for each UE contains BWP #0. Figure 1(b) depicts one motivation for the #92bis agreement above where BWP #1 for each UE does not contain BWP #0 but there is enough of an overlap between the UE-specific BWPs for the network to configure a common CORESET #X associated with a CSS that both UEs can monitor for common control.  Figure 1(c) on the other hand depicts our understanding of the main motivation behind Option 2. Herein, no UE-specific BWP needs to be provided in this scenario as the BWP #0 provided by higher layer configuration is not restricted to the BW of CORESET #0. Note that even if a second CORESET and an associated CSS is provided within BWP #0 all UEs have common knowledge of BWP #0 and it is not necessary, and indeed it is limiting, for the addressable PDSCH BW to be restricted to the CORESET BW.
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Figure 1 Illustration of DL BWP configurations: (a) Option 1 with BWP 1 containing BWP 0, (b) Option 1 with BWP1 not containing BWP 0, (c) Option 2 with only BWP 0 and UE-specific BWP configuration

One option would be to specify different conditions for PDSCH scheduled by PDCCH in a CSS for the scenarios in Figures 1(a), 1(b) on one hand and Figure 1(c) on the other. To reduce the specification impact we would rather focus on the most typical deployment scenarios of Figure 1(a) and Figure 1(c) but given that there is already an agreement to support Figure 1(b) we provide the following proposal below as a refinement of the RAN1 #92bis agreement to accommodate RAN2 decision to support Option 2 in addition to Option 1:

Proposal 1: For PDSCH scheduled by DCI format 1-0 

· In a CSS associated with CORESET #0

· The RB numbering and maximum number of RBs possible to indicate in the DCI are determined by the location and size of CORESET #0 for a PDSCH scheduled by DCI format 1_0 in a Type0 CSS

· Otherwise, the RB numbering and maximum number of RBs possible to indicate in the DCI are determined by the location and size of the initial DL BWP

· In a CSS not associated with CORESET #0 

· The RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in.

· The maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.

The following TPs are proposed to support Option 2 of the initial DL BWP configuration.

	Text Proposal for Sec. 12.1 of 38.213

< Unchanged text omitted>

An initial active DL BWP is defined by a location and number of contiguous PRBs, a subcarrier spacing, and a cyclic prefix, for the control resource set for Type0-PDCCH common search space when PDSCH is scheduled by DCI format 1_0 with CRC scrambled by SI-RNTI; otherwise a UE is provided an initial active DL BWP configuration by higher layer parameter initialDownlinkBWP. For operation on the primary cell or on a secondary cell, a UE is provided an initial active UL BWP by higher layer parameter initialuplinkBWP. If the UE is configured with a supplementary carrier, the UE can be provided an initial UL BWP on the supplementary carrier by higher layer parameter initialUplinkBWP in supplementaryUplink.

< Unchanged text omitted>


	Text Proposal for Sec. 5.1.2.2 of 38.214

5.1.2.2
Resource allocation in frequency domain

Two downlink resource allocation schemes, type 0 and type 1, are supported. The UE shall assume that when the scheduling grant is received with DCI format 1_0, then downlink resource allocation type 1 is used.

If the scheduling DCI is configured to indicate the downlink resource allocation type as part of the Frequency domain resource assignment field by setting a higher layer parameter resourceAllocation in pdsch-Config to 'dynamicswitch', the UE shall use downlink resource allocation type 0 or type 1 as defined by this DCI field. Otherwise the UE shall use the downlink frequency resource allocation type as defined by the higher layer parameter resourceAllocation.
For a PDSCH scheduled with a DCI format 1_0 in a Type0-PDCCH common search space associated with a CORESET provided by the higher layer parameter pdcch-ConfigSIB1, or in any type of PDCCH common search space associated with a CORESET provided by the higher layer parameter pdcch-Config, regardless of which bandwidth part is the active bandwidth part, RB numbering starts from the lowest RB of the CORESET in which the DCI was received.

For a PDSCH scheduled otherwise, if a bandwidth part indicator field is not configured in the scheduling DCI, the RB indexing for downlink type 0 and type 1 resource allocation is determined within the UE's active bandwidth part. If a bandwidth part indicator field is configured in the scheduling DCI, the RB indexing for downlink type 0 and type 1 resource allocation is determined within the UE's bandwidth part indicated by bandwidth part indicator field value in the DCI. The UE shall upon detection of PDCCH intended for the UE determine first the downlink carrier bandwidth part and then the resource allocation within the bandwidth part.


2.2 On BWP inactivity timer

The description of the BWP inactivity timer is provided in both 38.321 Sec. 5.15 and 38.213 Sec. 12. As the timer specification has so far been handled primarily in RAN2 we propose to remove the description in 38.213. 

	TP to Sec. 12 of 38.213

< Unchanged text omitted>

If a UE is configured for a secondary cell with higher layer parameter defaultDownlinkBWP-Id indicating a default DL BWP among the configured DL BWPs and the UE is configured with higher layer parameter bwp-InactivityTimer indicating a timer value, the UE procedures on the secondary cell are same as on the primary cell using the timer value for the secondary cell and the default DL BWP for the secondary cell. 



If a UE is configured by higher layer parameter firstActiveDownlinkBWP-Id a first active DL BWP and by higher layer parameter firstActiveUplinkBWP-Id a first active UL BWP on a secondary cell or supplementary carrier, the UE uses the indicated DL BWP and the indicated UL BWP on the secondary cell as the respective first active DL BWP and first active UL BWP on the secondary cell or supplementary carrier. 
< Unchanged text omitted>


3 Corrections on HARQ codebook determination
2.1. Remaining issues for HARQ timing indication
It was agreed that for DCI format 1_1, the number of bits for the PDSCH-to-HARQ-timing-indicator field is given by ceil(log2(#values configured by RRC)), but the current specification 38.213 only reflects the mapping when 8 PDSCH-to-HARQ feedback timing values are configured. We provide a simple change to Table 9.2.3-1 in the text proposal (TP) below.

Secondly, for different numerology between a PDSCH and a PUCCH carrying the corresponding HARQ-ACK, the following was agreed: 

Agreements:

· When HARQ-ACK for the PDSCH with larger SCS is transmitted on a carrier with smaller SCS

· K1=0 corresponds to the slot for the smaller SCS which overlaps with the PDSCH 

· When HARQ-ACK for the PDSCH with smaller SCS is transmitted on a carrier with larger SCS

· K1=0 corresponds to the slot for the larger SCS with end boundary aligned to the slot for the corresponding PDSCH

By defining the K1 = 0 reference point on the PUCCH carrier the UE can determine HARQ timing with respect to the PUCCH numerology when K1 > 0. However, the description in Sec 9.2.3 of 38.213 given by “PUCCH transmission within slot n + k” gives the impression that the same reference SCS is used for both PDSCH slot n and PUCCH slot n + k. An example is shown in Figure 2, where the PDSCH subcarrier spacing is 30kHz and the PUCCH subcarrier spacing is 15kHz. For PDSCH in slot n = 3 if the HARQ timing value k = 2, the PUCCH should be in slot 3 on the UL carrier since the K=0 timing would correspond to slot 1. Hence, it is proposed in the following TP to normalize slot n in the DL carrier with respect to the PUCCH SCS.
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Figure 2 Illustration of HARQ timing when the ratio of PUSCH SCS to PUCCH SCS is 2:1
	9.2.3
UE procedure for reporting HARQ-ACK

A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 

For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 1_1, if present, the PDSCH-to-HARQ-timing-indicator field values map to values for a set of slots provided by higher layer parameter dl-DataToUL-ACK as defined in Table 9.2.3-1. 
With reference to a slot for PUCCH transmission, for a PDSCH reception or PDCCH indicating a SPS PDSCH release in slot
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, the slot index relative to the PUCCH subcarrier spacing is 
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 are respectively, the subcarrier spacing for PUCCH and PDSCH.
For a SPS PDSCH reception in slot [image: image8.wmf]n

, the UE transmits the PUCCH in slot 
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 is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. 

If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception in slot [image: image12.wmf]n

, the UE provides  corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is provided by higher layer parameter dl-DataToUL-ACK.
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: image16.wmf]n

 or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception in slot [image: image17.wmf]n

, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 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.

    

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. 
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 
[image: image23.wmf]k


1 bit
2 bits
3 bits
‘0’
‘00’
'000'

1st value provided by dl-DataToUL-ACK
‘1’
‘01’
'001'

2nd value provided by dl-DataToUL-ACK
‘10’
'010'

3rd value provided by dl-DataToUL-ACK
‘11’
'011'

4th value provided by dl-DataToUL-ACK
'100'

5th value provided by dl-DataToUL-ACK
'101'

6th value provided by dl-DataToUL-ACK
'110'

7th value provided by dl-DataToUL-ACK
'111'

8th value provided by dl-DataToUL-ACK
<Unchanged text omitted>


2.2. HARQ-ACK feedback with BWP switch

For dynamic codebook with DL BWP switching, the PDCCH monitoring occasions before DL BWP switching are excluded for HARQ-ACK codebook determination. As an example shown in Figure 3, for HARQ-ACK in slot n, the candidate PDCCH reception occasions are in slots n-6, n-5, n-4, n-3 and n-2. If a UE receives the DCI indicating DL BWP switching in slot n-4, UE will not report HARQ-ACK for PDSCH in slot n-5 in CC1. The problem is that the gNB will count all the DCI before BWP switching to determine the C-DAI and T-DAI since the gNB may not know in advance whether there will be DCI indicating BWP switching in slot n-5. Therefore, it is difficult to exclude the HARQ-ACK for PDCCH monitoring occasion in slot n-5 in CC1 without impacting codebook determination since it is based on all CCs. An alternative would be to reset the DAI counters starting from the slot containing the BWP switch (i.e. slot n-4 of CC1) but that means all PDSCHs are lost on all CCs simply because there is a DL BWP change on one CC. This is a heavy penalty to pay, when it is not necessary as the UE can feedback HARQ-ACK for all the PDCCH monitoring occasions based on C-DAI and T-DAI even if there is a DL BWP switch in a PDCCH monitoring occasion.
Proposal 2: For dynamic codebook with DL BWP switching, the HARQ-ACK for PDSCHs should not be excluded from the HARQ-ACK codebook if the PDSCHs are scheduled by the DCI in PDCCH monitoring occasions before the slot for active DL BWP switching.
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Figure 3 Illustration of DL BWP switch for dynamic codebook
In addition, it should be clarified how to define the slot for the active BWP change in terms of excluding slots when determining the HARQ-ACK codebook. An example is shown in Figure 4 for an active DL BWP change for semi-static codebook. . If K1 set is configured as {3,4,5,6} for the UL BWP, for HARQ-ACK in slot n, the candidate PDSCH reception occasions are in slots n-6, n-5, n-4 and n-3. If UE receives a DCI indicating DL BWP switch in slot n-5, the DCI schedules a PDSCH transmission in slot n-3 and our understanding is that the active BWP change is effective in slot n-3. However, in terms of e.g. semi-static codebook determination, it should be clarified which slot is the reference point when determining which HARQ-ACK to report. For instance, if we consider slot n-5 as the reference slot then only slot n-6 should be excluded for the HARQ-ACK codebook in slot n. On the other hand if we consider slot n-3 as the reference slot, then slots n-6, n-5 and n-4 should be excluded for the HARQ-ACK codebook in slot n. Since it has influence to the HARQ-ACK codebook determination, it should be clarified in the specification.
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Figure 4 Illustration of DL BWP switch for semi-static codebook

Proposal 3:  It should be clarified which is the reference slot in determining HARQ-ACK codebook when a BWP change occurs.

2.3. HARQ-ACK for PDSCH repetition

In 38.213, HARQ-ACK for PDSCH repetition is reported for the last slot of [image: image26.wmf]repeat
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 slots. The meaning of “last slot” is ambiguous as two different interpretations are possible:
· Option 1: define the last slot based on the number of configured PDSCH repetitions. This option does not take into account the case where the last slot is determined as UL or the number of DL symbols in the slot does not support the PDSCH time domain allocation, based on the TDD UL-DL configuration.
· Option 2: define the last slot as the last slot containing a valid PDSCH reception
An example is shown in Figure 5, where slots n-5, n-4 and n-3 are DL slots and slots n-2, n-1, n are UL slots. If 4-slot PDSCH repetition is configured for a UE and K1 set is configured as {2, 3, 4, 5}, for HARQ-ACK in slot n, the UE procedure should be clarified between Option1 and Option2. If Option 1 is used, then K1 in DCI in slot n-5 should be equal to 2 and the UE feeds back 4 bits {N, N, N, A/N} in slot n. If Option 2 is used, then K1 in DCI in slot n-5 should be equal to 3 and the UE feeds back 3 bits {N, N, A/N} in slot n.

[image: image27.emf]Slot

DL slot UL slot

n n-1 n-2 n-3 n-4 n-5

K0=0

Option 1: K1 = 2

Option 2: K1 = 3

PDCCH

K1 set:{2,3,4,5}

PDSCH repetition


Figure 5 Illustration of definition of "last slot" for PDSCH repetition
Comparing the two options above, Option 2 allows fewer HARQ-ACK bits, but the gNB should determine which slot in PDSCH repetition is the last PDSCH slot not conflicting with a semi-static UL-DL configuration when it indicates the HARQ timing in DCI, whereas Option 1 has more HARQ-ACK bits. In our opinion, Option 2 is preferred to reduce the number of HARQ-ACK bits for PDSCH repetition.
Proposal 4: For PDSCH repetition, define K1 and HARQ-ACK codebook based on the last slot containing a valid PDSCH reception.
The proposed changes for PDSCH repetition are reflected in the following text proposal to 38.213 V15.2.0 for sections 9.1.2 and 9.1.3.1:
----------------------------------- Start of Text proposal to 9.1.2 of 38.213 ------------------------------------------------

This subclause applies if the UE is configured with pdsch-HARQ-ACK-Codebook  = semi-static.
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1.  
If the UE is provided higher layer parameter pdsch-AggregationFactor, [image: image28.wmf]repeat
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 slots in which all the OFDM symbols of the PDSCH time resource allocation are determined to be DL or flexible as defined in Subclause 11.1. The UE reports NACK value(s) for the other slots of the [image: image31.wmf]repeat
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 slots.
If a UE reports HARQ-ACK information in a PUSCH or a PUCCH only for a SPS PDSCH release or only for a PDSCH reception within the
[image: image32.wmf]c
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 occasions for candidate PDSCH receptions, as determined in Subclause 9.1.2.1, that is scheduled by DCI format 1_0 with a counter downlink assignment indicator (DAI) field value of 1 on the PCell, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only the PDSCH reception; otherwise, the following procedures for a HARQ-ACK codebook determination apply.
-------------------------------- End of Text proposal to 9.1.2 of 38.213 -----------------------------------------------
----------------------------------- Start of Text proposal to 9.1.3.1 of 38.213 -------------------------------------------
while 
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if the UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon or higher layer parameter tdd-UL-DL-ConfigDedicated and, for slot [image: image35.wmf]k
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-------------------------------- End of Text proposal to 9.1.3.1 of 38.213 -----------------------------------------------
2.4. On PUCCH fallback procedure for semi-static HARQ-ACK codebook
A PUCCH fall-back procedure was agreed when a UE only receives a PDSCH or a SPS PDSCH release within the 
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 occasions for candidate PDSCH receptions that is scheduled by DCI format 1_0 with a C-DAI value of 1 on the PCell. Consider the scenario shown in Figure 6, where a UE receives two PDSCHs within the 
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 occasions for candidate PDSCH receptions and both PDSCHs are scheduled by DCI format 1_0 with C-DAI=1, K1 in DCI scheduling first and second PDSCHs in slot n-4 and slot n-2 is respectively equal to 4 and 3. The UE will report {N, A/N, N, N} in slot n and report {N, N, A/N, N} in slot n+1 for a configured set of K1 timings equal to {2, 3, 4, 5}. The issue is that if the UE missed the PDCCH scheduling the second PDSCH, the UE will generate HARQ-ACK information only for the first PDSCH for transmission in slot n, causing a misalignment on HARQ-ACK codebook between the gNB and UE.
To avoid this problem, the condition for fall-back procedure can be slightly improved to that the UE reports HARQ-ACK information for a single PDSCH or SPS PDSCH release if within the 
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 occasions for candidate PDSCH receptions, only one PDCCH with DCI format 1_0 scheduling this PDSCH or SPS PDSCH release with C-DAI = 1 is detected for one PUCCH slot. In other words in the example shown in Figure 6, even if the UE receives PDSCH-2 in slot n-2, the UE reports HARQ-ACK only for PDSCH-1 in slot n since the corresponding K1 timing for PDSCH-1 points to slot n+1.
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Figure 6 Illustration of possible codebook size ambiguity if C-DAI = 1 in DCI 1_0 and PDCCH scheduling PDSCH-2 is missed
Proposal 5: For semi-static codebook, if a UE detects a single SPS PDSCH release or PDSCH reception scheduled by DCI format 1_0 and C-DAI=1 within the set of candidate PDSCH receptions for the corresponding PUCCH occasion and there is no other detected PDSCH with same HARQ-ACK PUCCH slot, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only the PDSCH reception.
The proposed changes for PUCCH fallback are reflected in the following text proposal to 38.213 V15.2.0:

----------------------------------- Start of Text proposal to 9.1.2 of 38.213 ------------------------------------------------

This subclause applies if the UE is configured with pdsch-HARQ-ACK-Codebook  = semi-static.
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1.  
If the UE is provided higher layer parameter pdsch-AggregationFactor, [image: image45.wmf]repeat
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. The UE reports HARQ-ACK information only for a last slot of the [image: image47.wmf]repeat

PDSCH

N

 slots.
If a UE receives only a SPS PDSCH release or only a PDSCH reception within the
[image: image48.wmf]c
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 occasions for candidate PDSCH receptions, as determined in Subclause 9.1.2.1, that is scheduled by DCI format 1_0 with a counter downlink assignment indicator (DAI) field value of 1 on the PCell and indicating HARQ-ACK transmission in slot n, the UE reports HARQ-ACK in slot n only for the SPS PDSCH release or only for the PDSCH reception; otherwise, the following procedures for a HARQ-ACK codebook determination apply.

-------------------------------- End of Text proposal to 9.1.2 of 38.213 -----------------------------------------------------
2.5. Miscellaneous corrections
1) For semi static codebook, there is no description of how a UE should determine the codebook when the UE receives only a SPS PDSCH.
	9.1.2
Type-1 HARQ-ACK codebook determination

This subclause applies if the UE is configured with pdsch-HARQ-ACK-Codebook  = semi-static.
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1.  
If the UE is provided higher layer parameter pdsch-AggregationFactor, [image: image49.wmf]repeat
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If a UE reports HARQ-ACK information in a PUSCH or a PUCCH only for a SPS PDSCH release or only for a PDSCH reception within the
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 occasions for candidate PDSCH receptions, as determined in Subclause 9.1.2.1, that is scheduled by DCI format 1_0 with a counter downlink assignment indicator (DAI) field value of 1 on the PCell, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception; otherwise, the following procedures for a HARQ-ACK codebook determination apply.

If a UE only detects a PDSCH reception without a corresponding PDCCH within the[image: image53.wmf]c
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 occasions for candidate PDSCH receptions, as determined in Subclause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the PDSCH reception without a corresponding PDCCH; otherwise, the following procedures for a HARQ-ACK codebook determination apply.




2) The following agreement is not well reflected by the description in specification:

Agreements from 90bis:

· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback
-------------------------------- Start of Text proposal to 9.1.1 of 38.213 -----------------------------------------------




-------------------------------- End of Text proposal to 9.1.1 of 38.213 -----------------------------------------------
-------------------------------- Start of Text proposal to 9.1.2.1 of 38.213 -----------------------------------------------
If higher layer parameter PDSCH-CodeBlockGroupTransmission is provided and 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 or only for the SPS PDSCH release if UE is not configured with more than one serving cell and 
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If higher layer parameter PDSCH-CodeBlockGroupTransmission is provided and a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE repeats 
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 times the HARQ-ACK information for the transport block in the PDSCH, respectively, for generating 
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 HARQ-ACK information bits if UE is configured with more than one serving cell or 
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If a UE is provided higher layer parameter dl-DataToUL-ACK, the UE does not expect to be indicated by DCI format 1_0 a slot timing value for transmission of HARQ-ACK information that does not belong to the intersection of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} and the set of slot timing values provided by higher layer parameter dl-DataToUL-ACK for the active DL BWP of a corresponding serving cell.
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 maxNrofCodeWordsScheduledByDCI indicates reception of two transport blocks, when the UE receives a PDSCH with one transport block, the HARQ-ACK information is associated with the first transport block and the UE generates a NACK for the second transport block if higher layer parameter harq-ACK-SpatialBundlingPUCCH is not provided  and generates HARQ-ACK information with value of ACK for the second transport block if higher layer parameter harq-ACK-SpatialBundlingPUCCH is provided. 

-------------------------------- End of Text proposal to 9.1.2.1 of 38.213 -----------------------------------------------
3) It is not clear of the intention of limiting the CRC scrambling in 213. Besides, format 1_1 can also be used to activate DL SPS. If the intention is to prevent the UE from generating HARQ-ACK for PDSCH with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI, it should be modified as below:
-------------------------------- Start of Text proposal to 9.1 of 38.213 -----------------------------------------------
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 provided higher layer parameter PDSCH-CodeBlockGroupTransmission, the UE generates one HARQ-ACK information bit per transport block. 
A UE is not expected to be indicated to transmit HARQ-ACK information for more than two SPS PDSCH receptions in a same PUCCH. 


A UE is not expected to transmit HARQ-ACK information for PDSCH receptions scheduled by DCI with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI. 

-------------------------------- End of Text proposal to 9.1 of 38.213 -----------------------------------------------
4) The semi-static codebook determination in Sec. 9.1.2.1 should include the case of cross carrier scheduling.
-------------------------------- Start of Text proposal to 9.1.2.1 of 38.213 -----------------------------------------------
For a serving cell 
[image: image60.wmf]c

 and the active DL BWP and the active UL BWP, as described in Subclause 12, the UE determines a set of 
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 occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot 
[image: image62.wmf]n

. The determination is based:

a)
on a set of slot timing values 
[image: image63.wmf]1
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 associated with the active UL BWP
a)
If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 for scheduling PDSCH on serving cell 
[image: image64.wmf]c

, 
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 is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0;
b)
If the UE is configured to monitor PDCCH for DCI format 1_1 on serving cell 
[image: image66.wmf]c

, 
[image: image67.wmf]1
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 is provided by higher layer parameter dl-DataToUL-ACK for DCI format 1_1. 
b)
when provided, on a set of row indexes of a table provided by higher layer parameter PDSCH-TimeDomainResourceAllocation associated with the active DL BWP and defining respective sets of slot offsets 
[image: image68.wmf]0
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, 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 tdd-UL-DL-ConfigurationCommon, higher layer parameter tdd-UL-DL- ConfigurationCommon2, and higher layer parameter tdd-UL-DL-ConfigDedicated as described in Subclause 11.1.
-------------------------------- End of Text proposal to 9.1.2.1 of 38.213 -----------------------------------------------
5) For HARQ-ACK multiplexing on PUSCH in Sec. 9.1.2.2, the first bullet should also consider RRC configured PDSCH-to-HARQ feedback timing. Secondly we remove the restriction that PDSCH after the UL grant is received is scheduled by DCI format 1_1 or 1_0 since SPS PDSCH reception should also be taken into account.
-------------------------------- Start of Text proposal to 9.1.2.2 of 38.213 -----------------------------------------------
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, then 
-
if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK information in the PUSCH, based on a value of a respective PDSCH-to-HARQ feedback timing field in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or based on the value of the higher layer parameter dl-DataToUL-ACK if the PDSCH-to-HARQ feedback timing field is not present in the DCI format, in any of the 
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 occasions for PDSCH reception by DCI format 1_0 or DCI format 1_1 or SPS PDSCH on any serving cell 
[image: image70.wmf]c

, as described in Subclause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-
else the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH reception or SPS PDSCH release that the UE detects in a PDCCH monitoring occasion that is after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.

If a UE multiplexes HARQ-ACK information 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 
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 except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when 
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-------------------------------- End of Text proposal to 9.1.2.2 of 38.213 -----------------------------------------------
6)  We propose that the notation for number of ACK bits should be changed from 
[image: image73.wmf]ACK
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to 
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O

throughout sections 9.1.2.1, 9.1.3.1 and 9.2.5.2. 
7) Remove the following redundant description in Sec. 9.1.2.1:

-------------------------------- Start of Text proposal to 9.1.2.1 of 38.213 -----------------------------------------------
<Unchanged text omitted>

elseif higher layer parameter harq-ACK-SpatialBundlingPUCCH is provided, and the UE is configured by higher layer parameter maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for the active DL BWP of serving cell 
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 = binary AND operation of the HARQ-ACK information bits corresponding to first and second transport blocks of this cell;
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<Unchanged text omitted>

-------------------------------- End of Text proposal to 9.1.2.1 of 38.213 -----------------------------------------------
8) Editorial which is proposed for clarity;
-------------------------------- Start of Text proposal to 9.1.3.1 of 38.213 -----------------------------------------------
<Unchanged text omitted>

-
if the UE detects at least one DCI format 1_1 in a last PDCCH monitoring occasion within the [image: image78.wmf]M

 PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell [image: image79.wmf]c
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 is the value of the total DAI in the at least one DCI format 1_1
<Unchanged text omitted>
-------------------------------- End of Text proposal to 9.1.3.1 of 38.213 -----------------------------------------------
4 Conclusions

This contribution described open issues and corrections to Rel-15 BWP operation and CA (primarily focusing on HARQ-ACK codebook determination). Given the size of the document we only summarize proposals to open issues here rather than corrections to the specifications but the reader is encouraged to take note of the TPs in the document. 
Proposal 1: For PDSCH scheduled by DCI format 1-0 

· In a CSS associated with CORESET #0

· The RB numbering and maximum number of RBs possible to indicate in the DCI are determined by the location and size of CORESET #0 for a PDSCH scheduled by DCI format 1_0 in a Type0 CSS

· Otherwise, the RB numbering and maximum number of RBs possible to indicate in the DCI are determined by the location and size of the initial DL BWP

· In a CSS not associated with CORESET #0 

· The RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in.

· The maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.

Proposal 2: For dynamic codebook with DL BWP switching, the HARQ-ACK for PDSCHs should not be excluded from the HARQ-ACK codebook if the PDSCHs are scheduled by the DCI in PDCCH monitoring occasions before the slot for active DL BWP switching.

Proposal 3:  It should be clarified which is the reference slot in determining HARQ-ACK codebook when a BWP change occurs.

Proposal 4: For PDSCH repetition, define K1 and HARQ-ACK codebook based on the last slot containing a valid PDSCH reception.
Proposal 5: For semi-static codebook, if a UE detects a single SPS PDSCH release or PDSCH reception scheduled by DCI format 1_0 and C-DAI=1 within the set of candidate PDSCH receptions for the corresponding PUCCH occasion and there is no other detected PDSCH with same HARQ-ACK PUCCH slot, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only the PDSCH reception.
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