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1. Introduction

Remaining issues for R15 NR PUCCH resource allocation are discussed. They are summarized in this paper, which should be resolved in RAN1#94 meeting.
2. Resource allocation for HARQ-ACK before RRC connection setup
2.1. OCC index determination for PF1
· Option 1: Fixed OCC (e.g. OCC index = 0)

· HW, MTK, Nokia, Ericsson, QC
· Option 2: Different OCC (OCC index is indicated or derived from initial CS index)

· LGE, Intel, 
Proposal from offline:
· OCC index 0 is used for PUCCH resource with PUCCH format 1 if UE does not have dedicated PUCCH resource configuration.
· Adopt following TP for TS 38.213:

*************************** TS 38.213 – Start *****************************************

9.2.1
PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of [image: image1.wmf]size
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 PRBs provided by SystemInformationBlockType1. The PUCCH resource set is provided by higher layer parameter PUCCH-Resource-Common and includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset [image: image2.wmf]offset

BWP

RB

, and a cyclic shift index set for a PUCCH transmission. An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1. The UE transmits a PUCCH using frequency hopping. The UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. 

…... 
*************************** TS 38.213 – End *****************************************

2.2. DCI format
In TS 38.213, there is a misalignment in the context about the DCI format used before dedicated RRC connection. Two different corrections are proposed
· Fujitsu [5] and CATT [7] propose to add DCI format 1_1:

--- Unchanged texts are omitted ---
If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: image3.wmf]PUCCH
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 is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, [image: image7.wmf]0

CCE,
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 is the index of a first CCE for the PDCCH reception, and [image: image8.wmf]PRI

D

 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 

--- Unchanged texts are omitted ---
· Nokia [15] thinks that, before dedicated PUCCH resource configuration, the PDSCH scheduling assignment to the UE uses DCI Format 1_0 (and it doesn’t use DCI Format 1_1).
*************************** TS 38.213 – Start ****************************************
9.2.1
PUCCH Resource Sets
…
If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: image9.wmf]PUCCH
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 is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0, as described in Sub-clause 10.1, [image: image13.wmf]0
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 is the index of a first CCE for the PDCCH reception, and [image: image14.wmf]PRI
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
If 
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the UE determines the PRB index of the PUCCH transmission in the first hop as [image: image16.wmf]ë
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 and the PRB index of the PUCCH transmission in the second hop as 
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 is the total number of cyclic shift indexes in the cyclic shift index set
-
the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: image19.wmf]CS
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…. <part removed as there is no change>

If the UE transmits 
[image: image20.wmf]UCI
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 UCI information bits, that include HARQ-ACK information bits in response to detecting a DCI Format 1_0 or a DCI Format 1_1, the UE determines a PUCCH resource set to be 

*************************** TS 38.213 – End **************************************

Proposal from offline:
· Adopt following TP for TS 38.213:

*************************** TS 38.213 – Start *****************************************
9.2.1
PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of [image: image21.wmf]size
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 PRBs provided by SystemInformationBlockType1. The PUCCH resource set is provided by higher layer parameter PUCCH-Resource-Common and includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset [image: image22.wmf]offset
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, and a cyclic shift index set for a PUCCH transmission. The UE transmits a PUCCH using frequency hopping. The UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. 

The UE is not expected to generate more than one HARQ-ACK information bit. 

If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: image23.wmf]PUCCH
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 is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, [image: image27.wmf]0

CCE,

n
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
*************************** TS 38.213 – End **************************************

3. PUCCH resource set configurations
3.1. On PUCCH resource set size
Huawei [1] TP:

--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >
9.2.1
PUCCH Resource Sets

…
If the UE transmits [image: image29.wmf]UCI
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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 [image: image30.wmf]2
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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 [image: image31.wmf]2
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 is provided by higher layer parameter maxPayloadMinus1 for the PUCCH resource set with pucch-ResourceSetId = 1, or
-
a third set of PUCCH resources with pucch-ResourceSetId = 2, if provided by higher layers, if [image: image33.wmf]3
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 is provided by higher layer parameter maxPayloadMinus1 for the PUCCH resource set with pucch-ResourceSetId = 2, or
-
a fourth set of PUCCH resources with pucch-ResourceSetId = 3, if provided by higher layers, if [image: image35.wmf]3
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< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal -----------------------------------------
OPPO observes that, based on the current description in TS 38.213 (section 9.2.1), when up to two or three PUCCH resource sets are configured to one UE, the maximum number of UCI bits for the second or third PUCCH resource set must be configured to 1706. Such limitation is not aligned with the agreements made in RAN1#91.
Furthermore, the maximum number of UCI bits can be configured to the second or the third PUCCH resource set has been limited to 256*4=1024 in TS38.331. The limitation of the maximum number of UCI bits for the second or third PUCCH resource set in TS38.213 is not necessary.
Proposal 2: Confirming the range of the second or third PUCCH resource set is {4, 256} with a granularity of 4 bits.
Proposal 3: The description of the maximum number of UCI bits for the PUCCH resource set in TS 38.213 should be removed.

-------------------------------------------------------Text proposals---------------------------------------------------------------
	9.2.1
PUCCH Resource Sets

…….

A UE can be configured up to four sets of PUCCH resources by higher layer parameter PUCCH-ResourceSet. A PUCCH resource set is associated with a PUCCH resource set index provided by higher layer parameter pucch-ResourceSetId, with a set of PUCCH resource indexes provided by higher layer parameter 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 higher layer parameter maxPayloadMinus1. For the first PUCCH resource set, the maximum number of UCI information bits is fixed to two. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by higher layer parameter 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 sets of PUCCH resources is 8. 

……


---------------------------------------------------End of text proposals-----------------------------------------------------------
3.2. On CCE index for implicit mapping
In WILUS contribution [18], following observations and TP are presented:
· Observation 1: If the NCCE is not a multiple of 2* L, before the RRC connection, a half of all PUCCH resources (up to 8) are used, even if the UE monitors two PDCCH candidates of the aggregation level L.

· Observation 2: In some cases, before the RRC connection, a half of PUCCH resources can be used, even if the UE monitors three PDCCH candidates of the aggregation level L.

· Observation 3: All 16 PUCCH resources before the RRC connection are fully used if the last CCE is used in the CCE indication rule.

· Proposal 1: Adopt the following text proposal for Section 9.2.1 of TS38.213 [1]

	9.2.1
PUCCH Resource Sets

----------------------------Unchanged parts are omitted----------------------------------

If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: image36.wmf]PUCCH
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 is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0, as described in Subclause 10.1, [image: image40.wmf]0
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 

----------------------------Unchanged parts are omitted----------------------------------


3.3. Error case for frequency hopping

QC [20] observes that, for PUCCH format 2 and 3, the number of RBs could be more than one. When frequency hopping is enabled, the starting RB for both hops are explicitly configured by the gNB. The maximum number of RBs is also configured with the actual number of used RBs calculated based the code rate and the payload size. It’s possible that the starting RB is close to the edge of the UL BWP and then the later RBs will wrap around the UL BWP leading to non-contiguous transmission. 

The purpose of frequency hopping is to provide frequency diversity without leading to non-contiguous allocations during any symbol of transmission. Thus, the back-off from PA saturation can be minimized while the full diversity afforded by the BWP or CC can be realized. In the current specification, this may not be the case unless each hop is guaranteed not to wrap around the BWP or CC, leading to a non-contiguous allocation. 
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Proposal 9: If frequency hopping is enabled, UE is not expected to transmit PUCCH or PUSCH with non-contiguous RB allocation in either the first or the second frequency hop. 
3.4. Offline discussion outputs
4. Other corrections 

4.1. TP for 9.2.1 PUCCH resource sets
Nokia [15] TP:
*************************** TS 38.213 – Start ****************************************

9.2.1
PUCCH Resource Sets
…
If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: image43.wmf]PUCCH
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 

If 
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the UE determines the PRB index of the PUCCH transmission in the first hop as [image: image50.wmf]ë
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 and the PRB index of the PUCCH transmission in the second hop as 
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 is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes set
-
the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: image53.wmf]CS
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*************************** TS 38.213 – End****************************************

4.2. TP for 9.2.3 UE procedure for reporting HARQ-ACK
NTT DOCOMO [17] TP:
	9.2.3
UE procedure for reporting HARQ-ACK

[…]

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources for 
[image: image54.wmf]UCI
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 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 descending ascending order across serving cells indexes and are then in an ascending order across PDCCH monitoring occasion indexes. 

[…]

For the first set of PUCCH resources and when the size [image: image55.wmf]PUCCH
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 of higher layer parameter resourceList is larger than eight, when a UE provides HARQ-ACK information in a PUCCH transmission in response to detecting 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, the UE determines a PUCCH resource with index [image: image56.wmf]PUCCH
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where [image: image59.wmf]p
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 of a corresponding PDCCH reception for the DCI format 1_0 or DCI format 1_1 as described in Subclause 10.1, [image: image61.wmf]p
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 

[…]


4.3. New section for PUCCH resource determination for one CSI report

DCM observes that the case of one CSI report seems not to be described in current specifications. 9.2.5 in 38.213 mentions the multiplexing procedure of CSI/SR, HARQ-ACK/SR/CSI, and multiple CSI reports, which are not enough to define UE behavior for one CSI report on PUCCH. 
Proposal 10:
· A new section of UE procedure for reporting CSI should be made in 38.213.

4.4. Offline discussion outputs
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