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1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK27][bookmark: OLE_LINK28]In this contribution, some remaining issues on time domain bundling operation for Type-2 HARQ-ACK codebook for multi-PDSCH scheduling will be discussed.
1. Time domain bundling operation for Type-2 codebook
1.1. Division of TBGs
In [1], a new concept of transport block group (TBG) is introduced to deal with time domain bundling for Type-2 HARQ-ACK codebook, and some descriptions about TBG are referred as below.
[bookmark: _Ref500250940][bookmark: _Toc12021473][bookmark: _Toc20311585][bookmark: _Toc26719410][bookmark: _Toc29894843][bookmark: _Toc29899142][bookmark: _Toc29899560][bookmark: _Toc29917297][bookmark: _Toc36498171][bookmark: _Toc45699197][bookmark: _Toc99993815]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
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-	 or , for G-RNTI  or G-CS-RNTI , is 
-	if harq-ACK-SpatialBundlingPUCCH is not provided, the number of transport blocks the UE receives in a PDSCH, or the number of transport block groups in PDSCHs if numberOfHARQ-BundlingGroups with  is provided, scheduled by a DCI format that the UE detects in PDCCH monitoring occasion  for serving cell  
…
If a UE is provided numberOfHARQ-BundlingGroups and is not provided harq-ACK-SpatialBundlingPUCCH for a serving cell , the UE generates HARQ-ACK information over transport block groups (TBGs) for PDSCH receptions where, for a maximum number of  PDSCH receptions scheduled by a DCI format on the serving cell, a maximum number of TBGs  is provided by numberOfHARQ-BundlingGroups. If the UE detects a DCI format scheduling  PDSCH receptions on the serving cell , the UE generates  HARQ-ACK information bits for first TBs and, if applicable, generates  HARQ-ACK information bits for second TBs in the  PDSCH receptions as described in clause 9.1.1 by setting  and . For a TBG associated with at least one PDSCH that does not overlap with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, the UE assumes that TB(s) provided by a PDSCH that overlaps with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, are correctly received. For a TBG associated only with PDSCHs that overlap with UL symbols indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, the UE generates a NACK value for the TBG.
…
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-	if harq-ACK-SpatialBundlingPUCCH is not provided,
-	if numberOfHARQ-BundlingGroups is provided,  is the number of TBGs including at least one PDSCH not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, that the UE receives in serving cell  from the  serving cells in PDCCH monitoring occasion  and the UE reports corresponding HARQ-ACK information in the PUCCH
…

Regarding the concept of TBG, as well as the above referred descriptions, some questions can be raised as below.
Q1: Is TBGs only applicable for an enabled TB, or also applicable for a disabled TB?
When two-codeword transmission is configured, a DL scheduling DCI can indicate two TBs, one of which may be disabled. When both TBs are enabled, the same division of TBGs can be assumed due to the same value setting of  and . However, when one TB is disabled, is the division of TBGs applied to the disable TB? In our opinion, division of TBGs should not be applied to a disabled TB, since for each scheduled PDSCH by the DCI, no actual TB is transmitted corresponding to the disabled TB.
Besides, the answer to Q1 will impact the understanding or calculation of the number of TBGs. For example, when calculating the value of  or  in  calculation, to determine the number of transport block groups in PDSCHs if numberOfHARQ-BundlingGroups with  is provided, assuming a DL scheduling DCI can indicate two TBs and one of them is disabled, if TBGs only applicable for the enable TB, the value is 1, otherwise the value is 2. Naturally, the value of 1 is desirable to indicate the number of meaningful HARQ-ACK bits.
Proposal 1: For time domain bundling of Type-2 codebook, division of TBGs is applicable only for an enabled TB of a DL scheduling DCI.
Q2: How to understand the description “…and, if applicable, generates  HARQ-ACK information bits for second TBs in the  PDSCH receptions as described in clause 9.1.1 by setting  and ”?
From our perspective, when two-codeword transmission is configured, each TB of a DL scheduling DCI will correspond to  HARQ-ACK information bits. For an enabled TB, the UE can refer to the description in clause 9.1.1 by setting  and  to generate  HARQ-ACK information bits for the enabled TB. But for a disabled TB, the UE cannot apply the above operation since based on Q1 no division of TBGs is applicable for the disabled TB. Instead, the UE directly generate  HARQ-ACK information bits each of which is set to NACK for the disabled TB. 
Besides, the description “For a TBG associated with at least one PDSCH that does not overlap with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, the UE assumes that TB(s) provided by a PDSCH that overlaps with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, are correctly received. For a TBG associated only with PDSCHs that overlap with UL symbols indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, the UE generates a NACK value for the TBG.” only applies to an enabled TB of a DL scheduling DCI. Furthermore, for a TBG of an enabled TB, an invalid PDSCH can provide only one TB, so the description “…TB(s) provided by a PDSCH that overlaps…are correctly received” can be updated to “…the TB(s) provided by a PDSCH that overlaps…isare correctly received” for accuracy.
Proposal 2: For time domain bundling of Type-2 codebook, the UE directly generate  HARQ-ACK information bits each of which is set to NACK for a disabled TB of a DL scheduling DCI.
Based on the above two proposals, a corresponding draft CR is provided in [2].
1.2. Time domain bundling in conjunction with spatial bundling
In [1], time domain bundling operation for Type-2 codebook is divided further into two cases, i.e. the case when harq-ACK-SpatialBundlingPUCCH is not provided and the case when harq-ACK-SpatialBundlingPUCCH is provided. For the latter case, the corresponding description is referred as below.
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
…
If a UE is provided numberOfHARQ-BundlingGroups and harq-ACK-SpatialBundlingPUCCH for a serving cell , the UE generates HARQ-ACK information over PDSCH reception groups for PDSCH receptions scheduled by a DCI format on the serving cell  where a maximum number of PDSCH reception groups, , is provided by numberOfHARQ-BundlingGroups. If the UE detects a DCI format scheduling  PDSCH receptions on the serving cell , the UE generates  HARQ-ACK information bits for the  PDSCH receptions as described in clause 9.1.1 by setting  and . For a PDSCH reception group associated with at least one PDSCH that does not overlap with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, the UE assumes that TBs provided by a PDSCH that overlaps with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, are correctly received. For a PDSCH reception group associated only with PDSCHs that overlap with UL symbols indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, the UE generates a NACK value for the PDSCH reception group.
…

Based on the above description, the UE refers to the description in clause 9.1.1 by setting  and  to generate  HARQ-ACK information bits for the DL scheduling DCI. However, in clause 9.1.1 there is no description about spatial bundling, e.g. binary AND operation of the HARQ-ACK information bits corresponding to first and second transport blocks of all PDSCH receptions in a PDSCH reception group. Therefore, there may be ambiguity on how to perform spatial bundling when time domain bundling is configured for Type-2 codebook.
It seems that we have a common understanding on the UE behavior. Namely, when two-codeword transmission is configured for DL, as well as multi-PDSCH scheduling with time domain bundling, to generate  HARQ-ACK information bits for the  PDSCH receptions scheduled by a single DCI in a Type-2 codebook, spatial bundling operation (i.e., binary AND operation of the HARQ-ACK information bits corresponding to the first and second transport blocks) is performed for each PDSCH reception firstly, then followed by grouping the  PDSCH receptions and determining HARQ-ACK information bit for each PDSCH reception group (i.e. the UE generates an ACK for the HARQ-ACK information bit of a PDSCH reception group if any PDSCH reception of the PDSCH reception group corresponds to ACK based on the aforementioned spatial bundling operation, and generates a NACK for the HARQ-ACK information bit of a PDSCH reception group if at least one PDSCH reception of the PDSCH reception group corresponds to NACK based on the aforementioned spatial bundling operation.).
During RAN1#109-e meeting, whether and how a TP should be introduced to deal with the above issue is extensively discussed, with no consensus achieved in the end. Based on TS38.213, time domain bundling operation may be applied on top of legacy pseudo code, where binary AND operation is specified when spatial bundling is configured, by stating that “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, …” in TS38.213, as commented by some company. However, we prefer to make the specification clearer by introducing a CR, to avoid potential ambiguity. As a result, a corresponding draft CR is provided in [3].
[bookmark: _GoBack]Proposal 3: For time domain bundling of Type-2 codebook, clarify the corresponding UE behaviour to generate  HARQ-ACK information bits for a DL scheduling DCI when spatial bundling is also configured.
2. Conclusion
In this contribution, some remaining issues on time domain bundling operation for Type-2 HARQ-ACK codebook for multi-PDSCH scheduling are discussed. We have the following proposals.
Proposal 1: For time domain bundling of Type-2 codebook, division of TBGs is applicable only for an enabled TB of a DL scheduling DCI.
Proposal 2: For time domain bundling of Type-2 codebook, the UE directly generate  HARQ-ACK information bits each of which is set to NACK for a disabled TB of a DL scheduling DCI.
Proposal 3: For time domain bundling of Type-2 codebook, clarify the corresponding UE behaviour to generate  HARQ-ACK information bits for a DL scheduling DCI when spatial bundling is also configured.
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