
3GPP TSG-RAN WG1 Meeting #96	R1-1903364
[bookmark: _GoBack]Athens, Greece, 25th February – 1st March 2019

Agenda Item:	7.1.3
Source:	Ericsson
Title:	Summary of 7.1.3 - Maintenance of UCI Multiplexing on PUCCH
Document for:	Discussion and Decision
[bookmark: DocumentFor]Introduction
This contribution summarizes the maintenance issues on UL control channel with the focus on the UCI multiplexing due to overlapping of PUCCH and PUSCH resources. The following contributions are considered in this summary.
	TDoc #
	Agenda item
	Spec
	Title
	Source

	R1-1901665
	7.1.3
	38.213
	Draft TS 38.213 CR on multiplexing HARQ-ACK/SR/CSI in PUCCH
	vivo

	R1-1901833
	7.1.3
	38.212
	Draft CR for CSI multiplexing with SR
	ZTE

	R1-1901979
	7.1.3
	38.213
	Draft CR on UE procedure for reporting multiple UCI types
	CATT

	R1-1901978
	7.1.3
	
	Corrections to UCI feedback
	CATT



The draft CRs or proposals in the contributions above are summarized in the next section with a recommendation from the feature lead.
Discussions
PUCCH format 4 and maxCodeRate
	TDoc #
	Title
	Source
	Spec

	R1-1901665
	Draft TS 38.213 CR on multiplexing HARQ-ACK/SR/CSI in PUCCH
	vivo
	38.213



Reason for change: The UE behaviour for multiplexing HARQ-ACK, SR, and periodic/semi-persistent CSI report(s) in a PUCCH transmission using PUCCH format 4 for the following condition is incomplete,
· if a UE is configured by higher layer parameter maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and periodic/semi-persistent CSI report(s) in a PUCCH transmission using PUCCH format 4, and
· if the total UCI payload results in exceeding the maxCodeRate, and
· if UE drops all Part 2 CSI reports
· if the total UCI bits including ONLY first priority Part 1 CSI report and HARQ-ACK/SR results in exceeding maxCodeRate.


Summary of change: Proposed to exclude such case in the specification. To say UE is not expected to encounter such case.

Recommendation: The draft CR is not recommended to be adopted.

Reasons for recommendation: This can be classified as an error case and unspecified UE behavior due mis-configuration.
The problem stems from the fact that either maxCodeRate is not properly configured to support expected number of UCI bits on format 4, or due to limitation of 1 PRB in format 4, a PUCCH resource with format 4 is not a suitable PUCCH format to configure for the expected number of UCI bits.
Note that the problem as such is not limited to PUCCH format 4. In general, there is a maximum number of PRBs, (configured for PF2/3 and 1 for PF4). If the combination of maximum number of PRBs and the configured maxCodeRate result in dropping HARQ-ACK bits or CSI part 1 for a candidate PUCCH resource for transmission, mis-configuration has occurred.

Rate matching sequence length for CSI and SR 
	TDoc #
	Title
	Source
	Spec

	R1-1901833
	Draft CR for CSI multiplexing with SR
	ZTE
	38.212



Reason for change: Rate matching output sequence length calculation formula is missed for the case when only CSI and SR are overlapped with each other

Summary of change: Add in Table 6.3.1.4.1-1 a calculation formula for rate matching output sequence length for the case when only CSI and SR are overlapped with each other.

Recommendation: The draft CR is recommended to be adopted.

Reasons for recommendation: The rate matching table is not complete and should include the CSI and SR case for encoding.
UE procedure for reporting multiple UCI types
	TDoc #
	Title
	Source
	Spec

	R1-1901979
	Draft CR on UE procedure for reporting multiple UCI types
	CATT
	38.213



This draft CR proposes two sets of changes, as summarised below:
Multiple CSI PUCCHs
Reason for change: For the procedure of transmitting multiple PUCCHs carrying CSI in a slot and the UE is not configured with multi-CSI-PUCCH-ResourceList 
1. it is not stated that when a first resource is PUCCH Format 3 or PUCCH Format 4, a second determined and non-overlapping resource must be PUCCH Format 2. 
2. Secondly, there is no description on how to handle the remaining CSI reports and corresponding PUCCH resources that were not selected as a first and second resource for transmission. 
3. Finally, the use of “include” may be ambiguous as to whether it means a single resource or a possible set of resources


Summary of change: The procedure of transmitting multiple PUCCHs carrying CSI in a slot and the UE is not configured with multi-CSI-PUCCH-ResourceList is corrected to:
1.  State that if a first resource is PUCCH Format 3 or PUCCH Format 4, a second resource must be PUCCH Format 2
1. Complete the description that all other CSI reports not selected for transmission on a first or second resource are dropped
1. Avoid using “include” to describe a first or second PUCCH resource for CSI


Recommendation: Agree in principle to changes (1) and (3). Change (2) is not recommended. 
Discuss further the proposed changes in the CR.

Reasons for recommendation:  Change (1) seems to be needed to correctly state the behavior. Change (3) seems to be editorial. Change (2) does not seem to be needed. When PUCCH/PUSCH resources overlap, the outcomes can result of dropping UCI reports. In Rel-15, UE behavior in such cases is not specified and hence gNB is not expected to receive those reports. Further clarifications or enhancements can be down in later releases.
SPS HAR-ACK/SR and two TDMed CSI PUCCHs
 Reason for change: In RAN1 #94 it was agreed to specify the handling the multiplexing of SPS HARQ-ACK/SR (Resource A in the pseudo code) overlapping with two time multiplexed CSI PUCCHs (resource X in the pseudo code) as follows
Agreements:
1. When a UE is not configured with multi-CSI-PUCCH report, 
0. When SR occasion and/or DL SPS HARQ-ACK and two non-overlapping CSI PUCCH resources contained in Resource A and Set X (as defined in RAN1 #93 meeting) decided by the pseudo code (as in 9.2.5 of TS38.213) in a slot
0. DL SPS HARQ-ACK/SR is multiplexed on the CSI PUCCH resource with higher priority, and CSI on the CSI PUCCH resource with lower priority is dropped
0. In case of presence of DL SPS HARQ-ACK, multiplexing occurs if the corresponding timeline requirement is met, otherwise, it is considered as an error case
In Sec. 9.2.5 the final condition for SPS HARQ-ACK/SR multiplexing with two CSI PUCCHs states that the pseudo code would result in the HARQ-ACK information and/or the SR being multiplexed on two PUCCH transmissions with CSI reports. This is not correct as the pseudo code would result in HARQ-ACK/SR multiplexed with the two CSI reports on a single PUCCH.

Summary of change: Change the description of the final condition of SPS HARQ-ACK/SR overlapping with two CSI reports to correctly describe the outcome of the pseudo code.

Recommendation: It is recommended to discuss further whether any changes is needed.

Reasons for recommendation: Further discussion is needed. Additionally, it is recommended in discussion to consider that where the functionality would be broken without the change or not, and if the change is essential.

Proposals on UCI feedback
	TDoc #
	Title
	Source
	Spec

	R1-1901978
	Corrections to UCI feedback
	CATT
	38.213



The following sub-sections addresses the proposals discussed in the contribution above.
TP on overlapping of SR and PUSCH without UL-SCH
Reason for proposal: It is discussed in R1-1901978 that the UE behavior is only specified for SR and PUSCH without UL-SCH on the same CC. However, SR and PUSCH without UL-SCH can be transmitted on different CCs, and UE behavior for such case is not captured in the specification. We propose to simply apply the same rule for overlapping of SR and PUSCH without UL-SCH on the same CC and different CCs.

· Proposal 1 (R1-1901978):
If a PUCCH carrying SR on one CC overlaps with a PUSCH without UL-SCH on a different CC, the PUSCH without UL-SCH is dropped. An example TP is as follows:
	TP for Section 9 of 38.213
------------------- unchanged text omitted ----------------------------
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
------------------- unchanged text omitted ----------------------------



Recommendation: Discuss to agree in principle. 
Reasons for recommendation: The current text in the specification 38.213, limits the UE behavior for overlapping PUSCH/PUCCH resources being from the same cell, whereas based on the agreement, these resources can be from different cells in the same PUCCH cell group.
Clarification of PUSCH selection for overlapping of PUCCH and PUSCH
Reason for proposal: It is discussed in R1-1901978 that if a UE transmits multiple PUSCHs on different serving cells and the UE would transmit UCI in a PUCCH overlapping with the PUSCHs, Sec 9 of TS 38.213, describes the procedure of selecting one of these PUSCHs for multuplexing UCI. However, the description of “multiple PUSCHs in a slot ” is not clear as to whether the slot refers to the PUCCH cell or the PUSCH cell. A distinction may need to be made for the case where PUCCH and PUSCH are transmitted on different serving cells with different numerologies, and resulting in different slot durations. 
· Proposal 2 (R1-1901978): 
For the PUSCH selection procedure in Sec 9 of 38.213 for multiplexing UCI when there are multiple PUSCHs overlapping with one PUCCH, clarify that the description of PUSCH transmissions in a slot is with reference to the slot timing of the PUCCH cell.

Recommendation: Discuss to agree in principle to clarify.

Reasons for recommendation: It seems clarification is needed to avoid ambiguity.
Overlapping of PUCCH with multi-slot PUSCH
Reason for proposal: It is discussed in R1-1901978 that in TS 38.213, there is no description of how to deal with the overlapping of PUCCH with CSI and multi-slot PUSCH. We think the same rule as for PUCCH with HARQ-ACK can be reused. That is, CSI can be transmitted on any PUSCH repetition that overlaps with a PUCCH carrying CSI.
· Proposal 3 (R1-1901978): 
For the overlapping of PUCCH with CSI and multi-slot PUSCH, reuse the same multiplexing rule as for the overlapping of PUCCH with HARQ-ACK and multi-slot PUSCH. An example TP is as follows:
	TP for Section 9 of 38.213
------------------- unchanged text omitted ----------------------------
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK/CSI information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Subclause 9.2.5 for multiplexing the HARQ-ACK/CSI information, the UE multiplexes the HARQ-ACK/CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK/CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK/CSI information in the slot in case the PUSCH transmission was absent.
------------------- unchanged text omitted ----------------------------



Recommendation: Discuss to agree in principle to clarify. 
Reasons for recommendation: It seems the case corresponding to CSI PUCCH is missing,
Agreements (RAN1#93):
• When single slot PUCCH overlaps with multi-slot PUSCH repetition in a slot, if the timeline requirement is met for the overlapped slot, multiplexing UCI on PUSCH in the overlapped slot; otherwise, it is considered as an error case for the overlapped slot

Reference CRC
Reason for proposal: It is discussed in R1-1901978 that the reference CRC should be applicable to other operations addressed in subclause 9.2.5 beside the PRB determination.
· Proposal 4 (R1-1901978): 
In addition to determining the number of PRBs the reference number of CRC bits should also be used for determining a CSI resource when a UE is configured with multi-CSI resources and for the CSI dropping procedure in Subclause 9.2.5.2 if the number of respective UCI bits is larger than or equal to 360. An example TP is as follows:
	TP for Sec 9 of 38.213
------------------- unchanged text omitted ----------------------------
For the [image: ] determination of the number of PRBs described in Subclauses 9.2.3, 9.2.5.1 and 9.2.5.2, [image: ] if the number of respective UCI bits is larger than or equal to 360; otherwise, [image: ] is the number of CRC bits calculated based on the number of respective UCI bits as described in [5, TS 38.212].
------------------ unchanged text omitted ----------------------------



Recommendation: Discuss to agree in principle to clarify.

Reasons for recommendation: It seems clarification is needed for completeness.

On PUCCH spatial setting determination
Reason for proposal: It is discussed in R1-1901978 that in TS 38.213 Section 9.2.1, if a UE has not been provided a dedicated PUCCH resource configuration the UE transmits the PUCCH using same spatial domain transmission filter as for a PUSCH scheduled by RAR UL grant. When a UE is configured with dedicated PUCCH resource configuration Sec 9.2.2 states that the UE is provided with one or more values of PUCCH-SpatialRelationInfo. However, the UE is not necessarily provided with PUCCH-SpatialRelationInfo (contained in spatialRelationInfoToAddModList) in the PUCCH-Config of an UL BWP as this may only be strictly necessary for FR2. Therefore, it is proposed that if one or more values of PUCCH-SpatialRelationInfo are not provided in PUCCH-Config the same procedure as for PUCCH transmission using a PUCCH resource from pucch-ResourceCommon is adopted. 
· Proposal 5 (R1-1901978): 
If a UE is provided pucch-Config for an UL BWP but spatialRelationInfoToAddModList is not provided in the pucch-Config, the UE transmits a PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by the most recent RAR UL grant.  
Recommendation: It is recommended not to adopt this proposal. However, the proposal is better suited for AI 7.1.2 for further discussion.
Reasons for recommendation: It is recommended to discuss the proposal is AI 7.1.2. However, the recommendation for not favoring the proposal is as follows. The problem is that the spatial relation of the PUSCH transmission in Msg3 becomes outdated. For power control, something different is assumed:

-     If the UE is not provided pathlossReferenceRSs or before the UE is provided dedicated higher layer parameters, the UE calculates using a RS resource obtained from the SS/PBCH block that the UE uses to obtain MIB
HARQ-ACK codebook
Reason for proposal: It is discussed in R1-1901978 that the reference HARQ-ACK timing in current TS38.213 is defined as “[image: ] corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release”. 
One issue of such k=0 definition is the overlapping with PUCCH is based on the PDSCH itself but not on the slot containing the PDSCH. This will cause different reference k=0 slots for PDSCHs with different time domain resource allocations in the same DL slot. Consequently, different K1 values are required for different PDSCHs in the same DL slot to have HARQ-ACK feedback in the same UL slot. The result is that the semi-static codebook determination may not be aligned with DL scheduling for the case of different numerologies.
Another issue is that always defining the last overlapping PUCCH slot as k=0 will also introduce misalignment of DL scheduling and semi-static codebook determination when extended CP is used for PUCCH. 
· Proposal 6 (R1-1901978): The following solutions should be considered to align the reference HARQ-ACK timing definition and semi-static codebook determination:
Solution1: k = 0 corresponds to the first slot of the PUCCH transmission that overlaps with the slot of PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release;
Solution2: k = 0 corresponds to the first slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release when extended CP is used for PUCCH and normal CP with 60kHz or 120kHz is used for PDSCH or SPS PDSCH release reception, otherwise, k = 0 corresponds to the last slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release.
Recommendation: It is recommended to discuss the issue and preferably under CA session. 
Reasons for recommendation: It is recommended to discuss the proposal is under CRs related to HARQ code-book (CA feature leads summary). However, some comments with respect to the proposal is provided below:
Reference to slot k=0 can be clarified and as described in this contribution, it should be defined on the PDSCH slot and not on the PDSCH itself (this can lead to different slots depending on PDSCH position). However, the solutions suggest to changing to “first slot”. In that case, the intention of the spec would change and therefore, it is recommended to still remain the “last slot”. A suggestion as below maybe helpful when the issue is further discussed: 
“[image: ] corresponds to the last slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or with the slot of the PDCCH reception in case of SPS PDSCH release.” 
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