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1. Introduction
In Rel-15, when the UE is configured with two PUCCH groups, HARQ ACK spatial bundling is either disabled for both groups or enabled for both groups, as indicated by an ENUMERATED { true } field. 
Under R16 DCCA WI, RAN1 agreed to support enabling HARQ ACK spatial bundling separately for the two PUCCH groups, i.e. it can be enabled fort the first group but disabled for the second group. Therefore, RAN2 introduced a new R16 ENUMERATED { true } field enumerated field.
However, the field descriptions are so that, if the network sends only the Rel-15 field:
-	the R15 UE understands that HARQ ACK spatial bundling is enabled for the secondary PUCCH group
-	the R16 UE understands that HARQ ACK spatial bundling is disabled for the secondary PUCCH group
2. Discussion
There are two separate fields for PUCCH and PUSCH:
PhysicalCellGroupConfig information element
-- ASN1START
-- TAG-PHYSICALCELLGROUPCONFIG-START

PhysicalCellGroupConfig ::=      SEQUENCE {
  harq-ACK-SpatialBundlingPUCCH  ENUMERATED {true}                    OPTIONAL, -- Need S
  harq-ACK-SpatialBundlingPUSCH  ENUMERATED {true}                    OPTIONAL, -- Need S
  p-NR-FR1                       P-Max                                OPTIONAL, -- Need R
  pdsch-HARQ-ACK-Codebook        ENUMERATED {semiStatic, dynamic},
  tpc-SRS-RNTI                   RNTI-Value                           OPTIONAL, -- Need R
  tpc-PUCCH-RNTI                 RNTI-Value                           OPTIONAL, -- Need R
  tpc-PUSCH-RNTI                 RNTI-Value                           OPTIONAL, -- Need R
  sp-CSI-RNTI                    RNTI-Value                           OPTIONAL, -- Need R
  cs-RNTI                        SetupRelease { RNTI-Value }          OPTIONAL, -- Need M
  ...,
  [[
  mcs-C-RNTI                     RNTI-Value                           OPTIONAL, -- Need R
  p-UE-FR1                       P-Max                                OPTIONAL  -- Cond MCG-Only
  ]],
  [[
  xScale                         ENUMERATED {dB0, dB6, spare2, spare1} OPTIONAL -- Cond SCG-Only
  ]],
  [[
  pdcch-BlindDetection                SetupRelease { PDCCH-BlindDetection } OPTIONAL  -- Need M
  ]],
  [[
  dcp-Config-r16                      SetupRelease { DCP-Config-r16 }       OPTIONAL, -- Need M
  harq-ACK-SpatialBundlingPUCCH-secondaryPUCCH-group-r16 ENUMERATED {true} OPTIONAL, -- Cond twoPUCCHgroup
  harq-ACK-SpatialBundlingPUSCH-secondaryPUCCH-group-r16 ENUMERATED {true} OPTIONAL, -- Cond twoPUCCHgroup
  pdsch-HARQ-ACK-Codebook-secondaryPUCCH-group-r16 ENUMERATED {semiStatic, dynamic} OPTIONAL, -- Cond twoPUCCHgroup
  p-NR-FR2-r16                  P-Max           OPTIONAL, -- Need R
  p-UE-FR2-r16                  P-Max           OPTIONAL, -- Cond MCG-Only
  nrdc-PCmode-FR1-r16           ENUMERATED {semi-static-mode1, semi-static-mode2, dynamic} OPTIONAL,   -- Cond MCG-Only
  nrdc-PCmode-FR2-r16           ENUMERATED {semi-static-mode1, semi-static-mode2, dynamic} OPTIONAL,   -- Cond MCG-Only
  pdsch-HARQ-ACK-Codebook-r16            ENUMERATED {enhancedDynamic}       OPTIONAL,   -- Need R
  nfi-TotalDAI-Included-r16              ENUMERATED {true}                  OPTIONAL,   -- Need M
  ul-TotalDAI-Included-r16               ENUMERATED {true}                  OPTIONAL,   -- Need R
  pdsch-HARQ-ACK-OneShotFeedback-r16     ENUMERATED {true}                  OPTIONAL,   -- Need R
  pdsch-HARQ-ACK-OneShotFeedbackNDI-r16  ENUMERATED {true}                  OPTIONAL,   -- Need R
  pdsch-HARQ-ACK-OneShotFeedbackCBG-r16  ENUMERATED {true}                  OPTIONAL,   -- Need R
  downlinkAssignmentIndexForDCI-Format0-2-r16    ENUMERATED { enabled }     OPTIONAL,   -- Need S
  downlinkAssignmentIndexForDCI-Format1-2-r16    ENUMERATED {n1, n2, n4}    OPTIONAL,   -- Need S
  pdsch-HARQ-ACK-CodebookList-r16 SetupRelease {PDSCH-HARQ-ACK-CodebookList-r16} OPTIONAL, -- Need M
  ackNackFeedbackMode-r16                ENUMERATED {joint, separate}        OPTIONAL,   -- Need R
  pdcch-BlindDetectionCA-CombIndicator-r16 SetupRelease { PDCCH-BlindDetectionCA-CombIndicator-r16 }  OPTIONAL,   -- Need M
  pdcch-BlindDetection2-r16           SetupRelease { PDCCH-BlindDetection2-r16 } OPTIONAL, -- Need M
  pdcch-BlindDetection3-r16           SetupRelease { PDCCH-BlindDetection3-r16 } OPTIONAL, -- Need M
  bdFactorR-r16                          ENUMERATED {n1}                     OPTIONAL    -- Need R
  ]]
}

The R15 fields are in yellow highlights, the 16 fields in green highlights.
In v15.10.0, the descriptions are:
	harq-ACK-SpatialBundlingPUCCH
Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUCCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule. When the field is absent, the spatial bundling is disabled (see TS 38.213 [13], clause 9.1.2.1).

	harq-ACK-SpatialBundlingPUSCH
Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUSCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule. When the field is absent, the spatial bundling is disabled (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2). 



Clearly, when a cell group is configured with two PUCCH groups, these two fields are applicable to both of them.
In v16.1.0, the descriptions are:
	harq-ACK-SpatialBundlingPUCCH
Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUCCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule. When the field is absent, the spatial bundling of PUCCH HARQ ACKs for the primary PUCCH group is disabled (see TS 38.213 [13], clause 9.1.2.1). If the field harq-ACK SpatialBundlingPUCCH-secondaryPUCCHgroup is present, harq-ACK-SpatialBundlingPUCCH is only applied to primary PUCCH group.

	harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup
Enables spatial bundling of HARQ ACKs. It is configured for secondary PUCCH group for PUCCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule (see TS 38.213 [13], clause 9.1.2.1). When the field is absent, the spatial bundling of PUCCH HARQ ACKs for the secondary PUCCH group is disabled (see TS 38.213 [13], clause 9.1.2.1).

	harq-ACK-SpatialBundlingPUSCH
Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUSCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule. When the field is absent, the spatial bundling of PUSCH HARQ ACKs for the primary PUCCH group is disabled (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2). If the field harq-ACK SpatialBundlingPUSCH-secondaryPUCCHgroup is present, harq-ACK-SpatialBundlingPUSCH is only applied to primary PUCCH group.

	harq-ACK-SpatialBundlingPUSCH-secondaryPUSCHgroup
Enables spatial bundling of HARQ ACKs. It is configured for secondary PUCCH group for PUSCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2). When the field is absent, the spatial bundling of PUSCH HARQ ACKs for the secondary PUCCH group is disabled (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2).



According the above sentences, there are the following combinations:
-	absent, absent: no spatial bundling of HARQ ACKs
-	present, absent: spatial bundling of HARQ ACKs for primary PUCCH group only
-	absent, present: spatial bundling of HARQ ACKs for secondary PUCCH group
-	present, present: spatial bundling of HARQ ACKs for primary and secondary PUCCH group
However, (present, absent) can be sent by a network implemented according to Rel-15 specifications in order to configure spatial bundling of HARQ ACKs for primary and secondary PUCCH group.
Observation: if the Rel-15 network configures two PUCCH groups and spatial bundling of HARQ ACKs to a Rel-16 UE, it will fail to decode HARQ ACK of the secondary PUCCH cell group (because the UE will not apply spatial bundling while the network expects the UE to apply it).
In order correct this, we see two options:
Option 1: Change the Rel-16 field ASN.1 definition from ENUMERATED {true} to ENUMERATED {enabled, disabled} :
harq-ACK-SpatialBundlingPUCCH-secondaryPUCCH-group-r16 ENUMERATED {trueenabled, disabled} OPTIONAL,   -- Cond twoPUCCHgroup
harq-ACK-SpatialBundlingPUSCH-secondaryPUCCH-group-r16 ENUMERATED {trueenabled, disabled} OPTIONAL,   -- Cond twoPUCCHgroup

	
harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup
Enables spatial bundling of HARQ ACKs. It is configured for secondary PUCCH group for PUCCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule (see TS 38.213 [13], clause 9.1.2.1). When the field is set to enabled, the spatial bundling of PUCCH HARQ ACKs for the secondary PUCCH group is enabled, and when the field is set ato disabledabsent, the spatial bundling of PUCCH HARQ ACKs for the secondary PUCCH group is disabled (see TS 38.213 [13], clause 9.1.2.1).

	harq-ACK-SpatialBundlingPUSCH-secondaryPUSCCHgroup
Enables spatial bundling of HARQ ACKs. It is configured for secondary PUCCH group for PUSCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2). When the field is absentset to enabled, the spatial bundling of PUSCH HARQ ACKs for the secondary PUCCH group is enabled, and when the field is set to disabled, the spatial bundling of PUSCH HARQ ACKs for the secondary PUCCH group is disabled (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2).



Option 2: Change the field description without asn.1 change, i.e. change the comprehension of the R16 fields harq-ACK-SpatialBundlingPUCCH-secondaryPUCCH-group-r16 and harq-ACK-SpatialBundlingPUSCH-secondaryPUCCH-group-r16.
    harq-ACK-SpatialBundlingPUCCH-secondaryPUCCH-group-r16    ENUMERATED {trueunlike-primary}                         OPTIONAL,   -- Cond twoPUCCHgroup
    harq-ACK-SpatialBundlingPUSCH-secondaryPUCCH-group-r16    ENUMERATED {trueunlike-primary}                         OPTIONAL,   -- Cond twoPUCCHgroup

	
harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup
Enables spatial bundling of HARQ ACKs. It is configured for secondary PUCCH group for PUCCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule (see TS 38.213 [13], clause 9.1.2.1). When the field is absent, the configuration of spatial bundling of PUCCH HARQ ACKs for the secondary PUCCH group is in accordance to harq-ACK-SpatialBundlingPUCCH.
When the field is present,:
- if harq-ACK-SpatialBundlingPUCCH is present, spatial bundling of PUCCH HARQ ACKs for the secondary PUCCH group is disabled
- if harq-ACK-SpatialBundlingPUCCH isabsent, spatial bundling of PUCCH HARQ ACKs for the secondary PUCCH group is enabled
disabled (see TS 38.213 [13], clause 9.1.2.1).

	harq-ACK-SpatialBundlingPUSCH-secondaryPUSCHgroup
Enables spatial bundling of HARQ ACKs. It is configured for secondary PUCCH group for PUSCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2). When the field is absent, the configuration of spatial bundling of PUSCH HARQ ACKs for the secondary PUCCH group is same as master PUCCH group in harq-ACK-SpatialBundlingPUCCH , otherwise when the field is present, the configuration of spatial bundling of PUSCH HARQ ACKs for the secondary PUCCH group is different from master PUCCH group configured in harq-ACK-SpatialBundlingPUSCHdisabled (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2).



The option 1 is clearer and easier to understand but it would make ASN.1 encoding/decoding not compatible with the June 2020 Rel-16 specification.
If it is considered that so many ASN.1 changes are needed that it would be difficult or too cumbersome to maintain ASN.1 compatibility with June 2020 Rel-16 specification, option 1 would be a better choice. If RAN2 decides that compatibility with June 2020 Rel-16 specification should be maintained, then option 2 should be adopted.
3. Conclusion
If the Rel-15 network configures two PUCCH groups and spatial bundling of HARQ ACKs to a Rel-16 UE, it will fail to decode HARQ ACK of the secondary PUCCH cell group (because the UE will not apply spatial bundling while the network expects the UE to apply it).
We show two options for correction and make the following proposal:
Proposal: Adopt option 1 if RAN2 decides that compatibility with June 2020 Rl-16 ASN.1 encoding/decoding is not necessary, otherwise adopt option 2. 
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