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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 on HARQ codebook determination
2.1. HARQ-ACK for SPS PDSCH release
For semi-static codebook, SPS PDSCH release is associated with one PDSCH reception occasion when determining the HARQ-ACK codebook. Hence, if a UE can receive more than one unicast PDSCH per slot, the time domain resource assignment field of the DCI indicating SPS PDSCH release should indicate a valid time domain resource (which does not conflict with the semi-static UL-DL configuration), otherwise the UE cannot determine the correct HARQ-ACK bit position for SPS PDSCH release in the HARQ-ACK codebook. But it is not clear how SPS PDSCH release is associated with one PDSCH reception occasion according to the description in 38.213. Considering that HARQ-ACK timing for SPS PDSCH release is based on the PDCCH ending slot, it is proposed that SPS PDSCH release is associated with one PDSCH reception occasion in the slot where the SPS PDSCH release is detected and is based on  the start and length indicator SLIV indicated by the DCI.
Proposal 1: For semi-static codebook, it should be clarified that SPS PDSCH release is associated with one PDSCH reception occasion in the DCI detection slot based on the start and length indicator SLIV indicated by the DCI.
2.2. HARQ-ACK for CBG based transmission
For CBG based HARQ-ACK codebook determination, it should be applied for both semi-static codebook and dynamic codebook. But it is not correct for semi-static codebook determination that UE generates HARQ-ACK information only for the transport block in the PDSCH or only for the SPS PDSCH release if a UE receives a PDSCH that is scheduled by a DCI format 1_0, or a SPS PDSCH, or the UE detects a SPS PDSCH release since this is only true for single CC and 
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case. A more complete description has already been provided in Sec. 9.1.2.1 so the description in Sec. 9.1.1 should be removed to avoid ambiguity as to which behavior UE should follow in case both CBG based transmission and semi-static codebook are configured.

The proposed changes are reflected in the following text proposal to 38.213:
	9.1.1
CBG-based HARQ-ACK codebook determination

< Unchanged text omitted>


< Unchanged text omitted>




2.3. Semi-static codebook for SPS PDSCH only
For semi-static codebook, there is no description of how a UE should determine the codebook when the UE receives only a SPS PDSCH. The proposed changes are reflected in the following text proposal to 38.213:
	9.1.2
Type-1 HARQ-ACK codebook determination

< Unchanged text omitted>

If a UE reports HARQ-ACK information in a PUCCH only for a SPS PDSCH or 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 a SPS PDSCH or only for the SPS PDSCH release or only for the PDSCH reception; otherwise, the procedures in Subclause 9.1.2.1 and Subclause 9.1.2.2 for a HARQ-ACK codebook determination apply.
< Unchanged text omitted>




2.4. HARQ-ACK transmission on PUSCH
For HARQ-ACK transmission on PUSCH, the following agreement was approved in RAN1#90bis. 
Agreements :
· Regarding handling the possibility of DL assignments later than UL grant, to down-select between:
· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH
· X=2 for slot-based scheduling
· FFS X for non-slot based scheduling
· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 
· FFS other details
· If no consensus can be achieved by the end of this week, the following will be agreed:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH
As no consensus was achieved the last bullet in the above agreement became the final agreement and our understanding of this agreement therefore is that a UE is not expected to receive DL assignments later than UL grant and mapped to the same time instance of HARQ-ACK on PUSCH. However, in 38.213 for HARQ-ACK on PUSCH, a UE will set NACK for PDSCHs which are scheduled by DL assignments later than UL grant for semi-static codebook and remove the HARQ-ACK for such PDSCHs from the dynamic codebook. But such scheduling of DL assignments later than UL grant should not be supported based on the #90bis agreement. 
An example of a potential issue with the current specification is shown in Figure 1, where HARQ-ACK in slot n corresponds to candidate PDCCH monitoring occasions in slots n-6, n-5, n-4, n-3 and n-2. If a UE receives an UL grant in slot n-4 scheduling the PUSCH transmission in slot n and the UE also receives 3 PDSCHs in slots n-6, n-5 and n-2, the PRI in DCI scheduling PDSCH in slot n-6 and n-5 may indicate a PUCCH resource 1 overlapping with PUSCH in slot n while the PRI in DCI scheduling PDSCH in slot n-2 indicates a PUCCH resource 2 not overlapping with PUSCH in slot n. In this case, if we consider PUCCH resource 2 is used for HARQ-ACK transmission since it is the latest received PDCCH, it is not clear whether UE should multiplex HARQ-ACK on PUSCH since the DAI in UL grant indicates there is HARQ-ACK on PUSCH.
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Figure 1 Illustration of DL assignments later than UL grant
Proposal 2: The RAN1 #90bis agreement on DL assignments later than an UL grant means that a UE is not expected to receive DL assignments after an UL grant with the corresponding HARQ-ACK transmission in the same slot as the PUSCH.
Furthermore, we note that one reason for the #90bis agreement is that the DAI in an UL grant cannot predict the number of DL assignments after the UL grant. But DAI does not exist in DCI format 0_0, hence it is proposed to remove the limitation for DCI format 0_0 as this can reduce the scheduling limitation in case there is a PUSCH scheduled by DCI format 0_0.
The proposed changes are reflected in the following text proposal to 38.213:
	9.1.2.2
Type-1 HARQ-ACK codebook in physical uplink shared channel
< Unchanged text omitted>

A UE is not expected to receive DCI format 1_0 or DCI format 1_1 scheduling  PDSCH or indicating SPS PDSCH release in a PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format 0_1 scheduling the PUSCH transmission in a same slot as the corresponding HARQ-ACK information.

< Unchanged text omitted>

9.1.2.2
Type-2 HARQ-ACK codebook in physical uplink shared channel
< Unchanged text omitted>

A UE is not expected to receive DCI format 1_0 or DCI format 1_1 scheduling  PDSCH or indicating SPS PDSCH release in a PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format 0_1 scheduling the PUSCH transmission in a same slot as the corresponding HARQ-ACK information.

< Unchanged text omitted>




2.5. HARQ-ACK feedback with BWP switch

For dynamic codebook with DL BWP switching, UE does not feedback valid HARQ-ACK for the PDCCH monitoring occasions before DL BWP switching. As an example shown in Figure 2, for HARQ-ACK in slot n, the candidate PDCCH monitoring 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 valid HARQ-ACK for PDSCH in slot n-5 in CC1. 

The issue is that the HARQ-ACK codebook size cannot be reduced even if UE does not report HARQ-ACK for PDSCH in slot n-5 in CC1, since gNB may not know in advance whether there will be DCI indicating BWP switching in slot n-5 and the gNB will count all the DCI before BWP switching to determine the C-DAI and T-DAI. Meanwhile, UE can report valid HARQ-ACK for SPS PDSCH reception before BWP switching according to 38.213. 
Considering that there is a HARQ-ACK bit position in the codebook for the PDSCH, it is proposed that UE can report valid HARQ-ACK for PDSCHs if the PDSCHs are scheduled by the DCI in PDCCH monitoring occasions before the slot for active DL BWP switching.

Proposal 3: For dynamic codebook with DL BWP switching, UE can report valid HARQ-ACK for PDSCHs 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 2 Illustration of DL BWP switch for dynamic codebook
The proposed changes are reflected in the following text proposal to 38.213:
	9.1.3.1
Type-2 HARQ-ACK codebook in physical uplink control channel

< Unchanged text omitted>
if PDCCH monitoring occasion 
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 is before 
an active UL BWP change on the PCell

< Unchanged text omitted>




2.6. HARQ-ACK for PDSCH repetition
For PDSCH repetition, it has been clarified that the ending position for PDSCH repetition is the absolute last slot regardless of whether or not it is valid for PDSCH reception. But in the current version of 38.213, “PDSCH reception ending” is used to define the absolute last slot, where the word “reception” implies that the UE actually received PDSCH in the last slot. It is proposed to remove the “reception” to make it clearer.
The proposed changes are reflected in the following text proposal to 38.213:
	9.1.2.2
Type-1 HARQ-ACK codebook in physical uplink shared channel

< Unchanged text omitted>

For a SPS PDSCH ending in slot 
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, 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 ending in slot 
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, the UE provides  corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 where 
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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 ending in slot 
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 or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH ending in slot 
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, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot 
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, where 
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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. If the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing or, in case of SPS PDSCH release if the PDCCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing,
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 corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing or, in case of SPS PDSCH release if the PDCCH subcarrier spacing is smaller than the PUCCH subcarrier spacing, 
[image: image19.wmf]0

=

k

 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.
< Unchanged text omitted>




3 Remaining issues on BWP operation
Based on the RAN2 agreement to support a new option for configuring the initial BWP, RAN1 made some changes to previous RAN1 agreements, which essentially decouples CORESET #0 configuration from the initial DL BWP configuration (see agreements in [1]). A concern was raised during email approval of the RAN1 specifications regarding a possible deficit in Rel-15 EN-DC operation. In a nutshell, NR supports an EN-DC-only cell, where the network does not broadcast SIB1 and is hence inaccessible to standalone UEs. If SIB1 is not broadcast, there may not be a CORESET #0 according to 38.213 Sec. 13. However CORESET #0 is currently used to determine the size of DCI formats 0_0/1_0 for scheduling at least in a CSS. One issue then arises with signaling consistency in that if CORESET #0 is provided by dedicated signaling (contained as part of ServingCellConfigCommon which is provided upon PSCell/SCell addition or HO), it can then be different from MIB since for such an EN-DC-only cell, MIB does not indicate a CORESET #0 (by indicating a value less than 24 for the SSB subcarrier offset in MIB). The absence from MIB prevents a standalone UE from trying to camp on this cell by endlessly searching for a non-existent SIB1 and thus draining its battery. This issue has both RAN1 and RAN2 impact and some of the possible solutions that have been raised reflect this fact:

·   Option 1: The new option for overwriting initial DL BWP configuration (RAN2’s Option 2 in [2]) only applies if CORESET #0 is configured for a PSCell or SCell by pdcch-ConfigCommon. Otherwise, the DCI 0_0/1_0 size is determined by the size of the initial DL BWP which is provided when a PSCell/SCell is added. This solution mainly has RAN1 impact.

· Option 2: update the RRC field descriptions allowing CORESET ID #0 to be used by other CORESETs (e.g. higher layer parameter commonControlResourceSet). For an EN-DC only cell, a UE reads MIB to determine SFN but is not required to read other parameters. For any other SCell, the ID #0 can be assigned to another common control resource set. This potentially resolves the issue of how a UE determines the size of DCI format 1_0/0_0 but is primarily a RAN2 discussion. 
· Option 3: update the conditional presence RRC field description to include more cases where CORESET #0 should be provided for a cell such as if a UE needs to monitor a CSS. This option assumes that it is okay for a UE to be provided CORESET #0 for a PSCell/SCell by dedicated signaling even if it is not provided in MIB. Here again this has significant RAN2 impact and needs to be discussed there.

From a RAN1 perspective our initial preference is Option 1 since it supports the previous UE behavior before the late update by RAN2 to support overriding the initial BWP configured by MIB with the one provided by SIB1. However, this issue would be discussed in RAN2 in light of the RAN1 LS sent last meeting. 
Proposal 4: RAN1 waits for feedback from RAN2 on clarification of configuration of initial DL BWP and CORESET #0 to support all scenarios observed for EN-DC operation.
4 Conclusions

This contribution described open issues and corrections to Rel-15 CA (primarily focusing on HARQ-ACK codebook determination) and BWP operation. 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 semi-static codebook, it should be clarified that SPS PDSCH release is associated with one PDSCH reception occasion in the DCI detection slot based on the start and length indicator SLIV indicated by the DCI.
Proposal 2: The RAN1 #90bis agreement on DL assignments later than an UL grant means that a UE is not expected to receive DL assignments after an UL grant with the corresponding HARQ-ACK transmission in the same slot as the PUSCH.
Proposal 3: For dynamic codebook with DL BWP switching, UE can report valid HARQ-ACK for PDSCHs if the PDSCHs are scheduled by the DCI in PDCCH monitoring occasions before the slot for active DL BWP switching.
Proposal 4: RAN1 waits for feedback from RAN2 on clarification of configuration of initial DL BWP and CORESET #0 to support all scenarios observed for EN-DC operation.
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