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1. Introduction

In this paper, proposed CRs in this meeting related to R15 specification contexts on PUCCH resource allocation are summarized, including:
· Correction to last PUCCH resource set configuration (Ericssion [1])
2. Correction to last PUCCH resource set configuration
2.1. Analysis
In the CR proposed by Ericsson [1], a misalignment between TS 38.213 and TS 38.331 on PUCCH resource set configuration was observed, which results in inconsistent behaviour. For example, if a network configures a UE with 2 PUCCH resource sets, maxPayloadMinus1 will not be present for the second set, being the last set, following the field description in TS 38.331. However, based on the description in TS 38.213 Subclause 9.2.1, the UE expects to be provided with this field for the second set. Due to the absence of this field, the UE may assume that it is configured with one PUCCH resource set where a PUCCH can carry maximum 2 HARQ-ACK bits while the network has configured the UE with two PUCCH resource sets and can expect PUCCH reception with more than 2 HARQ-ACK bits and plans scheduling, accordingly. Hence, this misalignment can result in failure of HARQ operation.As pointed out in Nokia contribution, the schemes supporting multiple PUCCHs for HARQ-ACK within a slot can be catagorized into two major flavors: “Sub-slot-based HARQ-ACK feedback procedure”  and “PDSCH grouping”. The exact K1 and PRI indication methods can be discussed further as one of the detailed aspects for the solution.
2.2. Drafted CR
The CR proposed for TS 38.213 is as belows:

	9.2.1
PUCCH Resource Sets

< Unchanged parts are omitted >
A UE can be configured up to four sets of PUCCH resources. A PUCCH resource set is provided by PUCCH-ResourceSet and is associated with a PUCCH resource set index provided by pucch-ResourceSetId, with a set of PUCCH resource indexes provided by   resourceList that provides a set of pucch-ResourceId used in the PUCCH resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the PUCCH resource set provided by maxPayloadMinus1. For the first PUCCH resource set, the maximum number of UCI information bits is 2. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by maxNrofPUCCH-ResourcesPerSet. The maximum number of PUCCH resources in the first PUCCH resource set is 32 and the maximum number of PUCCH resources in the other PUCCH resource sets is 8. 

If the UE transmits 
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 UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH resource set to be 

-
a first set of PUCCH resources with pucch-ResourceSetId = 0 if 
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 including 1 or 2 HARQ-ACK information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK information and SR occurs simultaneously, or
-
a second set of PUCCH resources with pucch-ResourceSetId = 1, if provided by higher layers, if 
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 where 
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 is equal to maxPayloadMinus1 if  maxPayloadMinus1 is provided for the PUCCH resource set with pucch-ResourceSetId = 1; otherwise 
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is equal to 1706, or
-
a third set of PUCCH resources with pucch-ResourceSetId = 2, if provided by higher layers, if 
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 is equal to maxPayloadMinus1 if maxPayloadMinus1 is provided for the PUCCH resource set with pucch-ResourceSetId = 2; otherwise 
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is equal to 1706, or
-
a fourth set of PUCCH resources with pucch-ResourceSetId = 3, if provided by higher layers, if 
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2.3. Proposed CR
3. Determination of m_0 before dedicated PUCCH resource configuration
3.1. Analysis
In the CR proposed by Nokia [2], it was observed that in section 9.2.3 of TS 38.213, the determination of m_0 before dedicated PUCCH resource configuration is missing. Then it was proposed to add a sentence stating that m_0 can be provided by the initial cyclic shift index of section 9.2.1. 
3.2. Drafted CR

The CR proposed for TS 38.213 is as belows:

	9.2.3
UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >
If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 0, the UE determines values 
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 for computing a value of cyclic shift 
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 [4, TS 38.211] where 
[image: image13.wmf]0

m

 is provided by initialCyclicShift of PUCCH-format0, or is provided by the initial cyclic shift index of section 9.2.1, and 
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 is determined from the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information bits as in Table 9.2.3-3 and Table 9.2.3-4, respectively. 

Table 9.2.3-3: Mapping of values for one HARQ-ACK information bit to sequences for PUCCH format 0

HARQ-ACK Value
0

1

Sequence cyclic shift
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Table 9.2.3-4: Mapping of values for two HARQ-ACK information bits to sequences for PUCCH format 0

HARQ-ACK Value
{0, 0}

{0, 1}

{1, 1}

{1, 0}

Sequence cyclic shift
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If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 1, the UE is provided a value for 
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 by initialCyclicShift of PUCCH-format1 or is provided by the initial cyclic shift index of section 9.2.1.
< Unchanged parts are omitted >



3.3. Proposed CR
4. Correction on PUCCH resource determination for carrying HARQ-ACK
4.1. Analysis
In the CR proposed by Intel [3], it was observed that in case two DL DCIs are received in a single PDCCH monitoring occasion in a slot in a CC, current mechanism to determine the last DCI is not sufficient for PUCCH resource determination. It was proposed to clarify that HARQ-ACK feedbacks for these two PDSCHs are not scheduled in the same slot.
In Huawei’s paper [4], the same issue were observed and the similar solution was proposed:
a UE is not expected to be scheduled to transmit HARQ-ACK at the same slot corresponding to two PDSCHs scheduled by DCIs starting at the same time. 
4.2. Drafted CR

It seems the proposals in the two papers can be adopted by the CR for TS 38.213 in [3]:

	9.2.3
UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >
For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set of PUCCH resources for 
[image: image22.wmf]UCI

O

 HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, among the DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. When a UE detects more than one DCI formats 1_0 or DCI formats 1_1 in a PDCCH monitoring occasion in a slot, the UE is not expected to receive the DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot.
< Unchanged parts are omitted >



4.3. Proposed CR
5. Correction to PUCCH resource set determining for UCI multiplexing
5.1. Analysis
In the CR proposed by OPPO [5], it was observed that, according to RAN1#92 agreements, when AN/SR and CSI are multiplexed in one PUCCH, and the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. 

However, as in Subclause 9.2.5.2 of 38.213, “the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for 
[image: image23.wmf]UCI

O

 UCI bits”. Actually, there is no definition on 
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 in Subclause 9.2.5.2 and Subclause 9.2.1. And in Subclause 9.2.1, 
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 UCI bits only include HARQ-ACK information bits. Therefore, the agreements made in RAN1 #92 for UCI multiplexing in PUCCH has not been completely captured.. 
It was proposed to clarify the defination of 
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 UCI bits for UCI multiplexing in PUCCH.
5.2. Drafted CR

The CR proposed for TS 38.213 is as belows:

	< Unchanged parts are omitted >
9.2.5.2
UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
For a transmission occasion of a single CSI report, a PUCCH resource is provided by pucch-CSI-ResourceList. For a transmission occasion of multiple CSI reports, corresponding PUCCH resources can be provided by multi-CSI-PUCCH-ResourceList.

If a UE is provided only one PUCCH resource set for transmission of HARQ-ACK information in response to PDSCH reception scheduled by a DCI format or in response to a SPS PDSCH release, the UE does not expect to be provided simultaneousHARQ-ACK-CSI.

A UE is configured by maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and CSI report(s) in a PUCCH transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4. 

If a UE transmits CSI reports using PUCCH format 2, the UE transmits only wideband CSI for each CSI report [6, TS 38.214]. In the following, a Part 1 CSI report refers either to a CSI report with only wideband CSI or to a Part 1 CSI report with wideband CSI and sub-band CSI. 

Denote as
-
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 a total number of HARQ-ACK information bits, if any

-

[image: image28.wmf]SR

O

 a total number of SR bits. 
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 if there is no scheduling request bit; otherwise, 
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 as described in Subclause 9.2.5.1
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 is a number of Part 1 CSI report bits for CSI report with priority value 
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 is a number of Part 2 CSI report bits, if any, for CSI report with priority value 
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 [6, TS 38.214], and 
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 is a number of CRC bits, if any, for encoding HARQ-ACK, SR and Part 1 CSI report bits and 
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In the following

-
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 is a code rate given by maxCodeRate as in Table 9.2.5.2-1.
-
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 is a number of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH format 4, respectively, where 
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 is provided by nrofPRBs in PUCCH-format2 for PUCCH format 2 or by nrofPRBs in PUCCH-format3 for PUCCH format 3, and 
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 is a number of subcarriers per resource block [4, TS 38.211]
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 for PUCCH format 2 provided by nrofSymbols in PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, 
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 for PUCCH format 3 or equal to a number of PUCCH symbols 
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 for PUCCH format 4 provided by nrofSymbols in PUCCH-format3 or nrofSymbols in PUCCH-format4, respectively, after excluding a number of symbols used for DM-RS transmission for PUCCH format 3 or for PUCCH format 4, respectively [4, TS 38.211]
-
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 if pi/2-BPSK is the modulation scheme and 
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 if QPSK is the modulation scheme as indicated by pi2BPSK for PUCCH format 3 or PUCCH format 4. For PUCCH format 2, 
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If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH

-
if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with 
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 PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order 
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, the UE uses PUCCH format 2 resource 
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, the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource 
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-
else the UE uses the PUCCH format 2 resource 
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, or the PUCCH format 3 resource 
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 and the UE selects 
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 CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 

-
else, the UE transmits the 
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 bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Subclause 9.2.5 

If a UE has HARQ-ACK, SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 2, or the UE has HARQ-ACK, SR and wideband CSI reports [6, TS 38.214] to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 

-
the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-
the UE determines the PUCCH resource set as described in Subclause 9.2.1 for 
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else, the UE selects 
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 CSI reports, for transmission together with HARQ-ACK and SR in ascending priority value [6, TS 38.214], where  the value of 
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 UCI bits, and 
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 UCI bits.

If a UE has HARQ-ACK, SR and sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 

-
the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-
the UE determines the PUCCH resource set as described in Subclause 9.2.1 for 
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else, 
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if for 
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the UE selects the first 
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