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1. Introduction
[bookmark: _GoBack]In RAN plenary meeting, NR specifications TS38.211, TS38.212, TS38.213, and TS38.214 had been approved [1 – 4]. In this contribution, we address some corrections to the spec on short PUCCH structure, and provide the corresponding text proposals and the remaining issues.

2. Correction to 38.211

2.1. Group/sequence hopping and cyclic shift hopping
For both of the group/sequence hopping (e.g., base sequence hopping) and cyclic shift hopping, considering that the OFDM numerology for PUCCH may be different depending on the higher layer configuration, the parameter for slot index “” should be corrected to “” so that it can applies well to multiple OFDM numerologies. In addition, for the group/sequence hopping, the initial value “” of the pseudo-random sequence “” which is used for generation of the hopping pattern needs to be defined in TS38.211 [1] and hence we propose to defined the initial values similar to LTE with the configurable ID “”. For the configurable ID used for group/sequence hopping and cyclic shift hopping, it was agreed to introduce cell-specific higher layer parameter ScramblingID in the previous meeting but it was not captured in both TS38.211 [1] and TS38.331 [5]. So, correction on this is also needed. At last, according to the following agreements in RAN1 #90bis, there should be further description that higher layer signalling in RMSI (i.e., SIB 1) can enable or disable group hopping. Though the agreements are only for PUCCH format 0, it would be natural to apply this mechanism to other PUCCH formats (e.g., format 1/3/4) using base sequence hopping as we suggested in the below text proposal.
	Agreements: 
· For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact


For the cyclic shift hopping, “” is defined as “” in TS38.213 [3] where “” is the cyclic shift value corresponding to the HARQ-ACK information for PUCCH format 0 (e.g.,  for PUCCH format 1/3/4) and “” is the cyclic shift value given by PUCCH resource. According to the above definitions, “” in the function “” should be corrected to “” to align with the definition in TS38.213 [3]. The following is the text proposal for the above corrections.

█ Text Proposal
[…]
6.3.2.2	Sequence and cyclic shift hopping





PUCCH formats 0, 1, 3, and 4 use sequences  given by clause 5.2.2 with  where the sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the  cyclic shift hopping in clause 6.3.2.2.2
6.3.2.2.1	Group and sequence hopping


The sequence group  and the sequence number  within the group depends on the hopping mode:
-	if neither group, nor sequence hopping shall be used



	where  is given by [5, TS 38.213].
-	if group hopping but not sequence hopping shall be used 





	where the pseudo-random sequence  is defined by clause 5.2.1 and the pseudo-random sequence generator shall be initialized withwhere  is given by [5, TS 38.213].

-	if sequence hopping but not group hopping shall be used




	where the pseudo-random sequence  is defined by clause 5.2.1 and the pseudo-random sequence generator shall be initialized withwhere  is given by [5, TS 38.213].

where
-	equals the higher-layer parameter ScramblingID if configured,
-	 otherwise.
For group hopping, a UE is provided by higher layers with one or more of the following higher layer parameters:
· group hopping for PUCCH format 0 is either enabled or disabled and is indicated by higher layer parameter pucch-Format0-BaseSequenceHopping in SystemInformationBlockType1;
· group hopping for PUCCH format 1 is either enabled or disabled and is indicated by higher layer parameter pucch-Format1-BaseSequenceHopping in SystemInformationBlockType1;
· group hopping for PUCCH format 3 is either enabled or disabled and is indicated by higher layer parameter pucch-Format3-BaseSequenceHopping in SystemInformationBlockType1;
· group hopping for PUCCH format 4 is either enabled or disabled and is indicated by higher layer parameter pucch-Format4-BaseSequenceHopping in SystemInformationBlockType1.
6.3.2.2.2	Cyclic shift hopping

The cyclic shift  varies as a function of the symbol and slot number according to

where
-	 is the slot number in the radio frame


-	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,

-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]

-	 is given by [5, TS 38.213]
-	 except for PUCCH format 0 when it depends on the information to be transmitted according to [clause 9.2 of 5, TS 38.213].
The function  is given by




where the pseudo-random sequence  is defined by clause 5.21. The pseudo-random sequence generator shall be initialized with , where  is given by clause 6.3.2.2.1[5, TS 38.213], at the beginning of each radio frame.
[…]

3. Correction to 38.213

3.1. PUCCH resource sets
Regarding the agreements from RAN1 NR-AH#3 (2017), PUCCH resource set can be configured at least for HARQ-ACK transmission and there were no additional agreements to use PUCCH resource set for other UCI type (e.g., CSI). Therefore, it should be clarified that a UE can be configured with multiple PUCCH resource sets only for HARQ-ACK reporting according to the agreements so far.
	Agreements:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 
· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined


Furthermore, when UE determine one PUCCH resource set from one or multiple PUCCH resource set(s) based on the UCI payload size, it seems that the UCI can include HARQ-ACK information bits, SR information bit, and CSI bits in the current version of TS38.213 [3]. However, this description can make UE procedure for multiplexing 2 bits HARQ-ACK and SR using PUCCH format 0 or PUCCH format 1, which was specified in clause 9.2.5.1 in TS38.213 [3], useless. For example, if a UE transmits 2 bits HARQ-ACK and SR, the total UCI bits including SR information is 3 and the UE determines a PUSCH resource set for equal to or more than 3 UCI bits. Then, there would be no case to apply UE procedure for multiplexing 2 bits HARQ-ACK and SR using PUCCH format 0 or PUCCH format 1. To resolve this problem, we propose to specify that UE uses first set of PUCCH resource if UE transmits UCI including SR and 2 bits HARQ-ACK. The following is the text proposal for the above corrections.

█ Text Proposal
[…]
[bookmark: _Ref496994961][bookmark: _Toc500947736]9.2	UCI reporting in physical uplink control channel
UCI types reported in a PUCCH include HARQ-ACK, SR, and CSI. UCI bits include HARQ-ACK information bits, if any, SR information bit, if any, and CSI bits, if any.
[bookmark: _Ref498101660][bookmark: _Toc500947737]9.2.1	PUCCH Resource Sets
A UE is provided by higher layers with one or more of the following higher layer parameters:
· PUCCH-resource-config-PF0 providing resources for PUCCH transmission with PUCCH format 0;
· PUCCH-resource-config-PF1 providing resources for PUCCH transmission with PUCCH format 1;
· PUCCH-resource-config-PF2 providing resources for PUCCH transmission with PUCCH format 2;
· PUCCH-resource-config-PF3 providing resources for PUCCH transmission with PUCCH format 3;
· PUCCH-resource-config-PF4 providing resources for PUCCH transmission with PUCCH format 4.
A PUCCH resource includes the following:
· an index of the first symbol
· for PUCCH format 0 or PUCCH format 2 the index of the first symbol index is indicated by higher layer parameter PUCCH-F0-F2-starting symbol;
· for PUCCH format 1, PUCCH format 3, or PUCCH format 4, the index of the first symbol is indicated by higher layer parameter PUCCH-F1-F3-F4-starting-symbol;
· a number of symbols 
· for PUCCH format 0 or PUCCH format 2, the number of symbols is indicated by higher layer parameter PUCCH-F0-F2-number-of-symbols; 
· for PUCCH format 1 or PUCCH format 3, or PUCCH format 4, the number of symbols is indicated by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols;  
· an index of the first PRB prior to frequency hopping or for no frequency hopping by higher layer parameter PUCCH-starting-PRB;
· an index of the first PRB after frequency hopping by higher layer parameter PUCCH-2nd-hop-PRB;
· a number of PRBs (for PUCCH format 2 or PUCCH format 3)
· for PUCCH format 2, the number of PRBs is indicated by higher layer parameter PUCCH-F2-number-of-PRBs; 
· for PUCCH format 3, the number of PRBs is indicated by higher layer parameter PUCCH-F3-number-of-PRBs; 
· frequency hopping 
· frequency hopping for a PUCCH resource is either enabled or disabled and is indicated by higher layer parameter PUCCH-frequency-hopping;
· an index of the cyclic shift (for PUCCH format 0 or PUCCH format 1)
· for PUCCH format 0 or PUCCH format 1, the index of the cyclic shift is indicated by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift;
· an index of an orthogonal cover code in case of PUCCH format 1
· the index of the orthogonal cover code is from a set determined as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F1-time-domain-OCC;
· an index of an orthogonal cover code in case of PUCCH format 4
· the index of the orthogonal cover code is from a set of {0, 1, 2, 3} as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F4-preDFT-OCC-index;
· a length for an orthogonal cover code in case of PUCCH format 4
· The length of the orthogonal cover code is from a set of {2, 4} as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F4-preDFT-OCC-length;
· a spatial setting by higher layer parameter PUCCH-Spatialrelationinfo.
For HARQ-ACK reporting, A a UE can be configured a number of sets of PUCCH resources by higher layer parameter PUCCH-resource-set, where the number of PUCCH resources in each set of PUCCH resources is provided by higher layer parameter PUCCH-resource-set-size and where a PUCCH resource in a set of PUCCH resources is indicated by higher layer parameter PUCCH-resource-index.
If the UE transmits  UCI bits, the UE determines a PUCCH resource set to be 
· a first set of PUCCH resources if , or
· a second set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_2, or
· a third set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_3, or
· a fourth set of PUCCH resources, if any, if .  
Except for the case where the UE use a first set of PUCCH resource if the UE transmits UCI including SR and 1 or 2 HARQ-ACK bit(s).
If a UE is not configured with higher layer parameter PUCCH-resource-set, an UL BWP for PUCCH transmission with HARQ-ACK information is indicated by SystemInformationBlockType1 and a set of PUCCH resources is provided by higher layer parameter PUCCH-resource-common in SystemInformationBlockType1. 
[…]

4. Remaining issues on short PUCCH structure

4.1. HARQ-ACK and SR multiplexing
In the current specification, it seems that HARQ-ACK and SR multiplexing was designed mainly assuming one SR configuration. However, in our view, it is necessary to consider HARQ-ACK and SR multiplexing scheme also in case of multiple SR configurations. For example, as is the case when UE transmit HARQ-ACK and a single positive SR using PUCCH format 0 which is implicitly derived from the configured PUCCH format 0 for HARQ-ACK reporting, more than one PUCCH resources with PUCCH format 0 can be implicitly derived for multiple SR cases, and then UE can transmit HARQ-ACK and the SR of the highest priority using one of the multiple PUCCH resources, which is corresponding to the SR configuration having positive SR and highest priority. On the other hand, for the case when UE transmit HARQ-ACK and positive SR using PUCCH format 1 which is configured for SR reporting, the information on for which SR configuration the SR was reported can be obtained without ambiguity based on the PUCCH resource that was detected by gNB. In addition, there would be more optimized way to multiplex HARQ-ACK and SR for multiple SR configurations using PUCCH format 2/3/4. For example, the SR information can include the information on which positive SRs have been reported for which SR configurations.
Moreover, in the current version, HARQ-ACK and SR multiplexing is specified only for the case when a SR transmission occasion from a UE is assumed to have a same first symbol and duration with a HARQ-ACK transmission from the UE. To make the standard complete, the UCI multiplexing rule should be specified for the case when HARQ-ACK and SR have different PUCCH formats and/or PUCCH durations (e.g., PUCCH format 0 (or format 1) for HARQ-ACK transmission and PUCCH format 1 (or format 0) for SR transmission).

5. Reference
[1] 3GPP TS38.211 V2.0.0 (2017-12): “NR; Physical channels and modulation”.
[2] 3GPP TS38.212 V2.0.0 (2017-12): “NR; Multiplexing and channel coding”.
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[4] 3GPP TS38.214 V2.0.0 (2017-12): “NR; Physical layer procedures for data”.
[5] 3GPP TS38.331 V2.0.0 (2017-12): “NR; Radio Resource Control (RRC) Protocol specification”.



image2.wmf
0

=

d


oleObject2.bin

image3.wmf
u


oleObject3.bin

image4.wmf
v


oleObject4.bin

image5.wmf
a


oleObject5.bin

image6.wmf
(

)

30

mod

ss

gh

f

f

u

+

=


oleObject6.bin

oleObject7.bin

image7.wmf
0

30

mod

0

ID

ss

gh

=

=

=

v

n

f

f


oleObject8.bin

image8.wmf
ID

n


oleObject9.bin

image9.wmf
)

(

i

c


oleObject10.bin

oleObject11.bin

image10.wmf
(

)

s

ID

ss

gh

30

mod

0

n

c

v

n

f

f

=

=

=


oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

image11.wmf
l


oleObject16.bin

image12.wmf
0

=

l


oleObject17.bin

image13.wmf
l

¢


oleObject18.bin

image14.wmf
0

m


oleObject19.bin

oleObject20.bin

image15.wmf
ID

init

n

c

=


oleObject21.bin

oleObject22.bin

image16.wmf
UCI

N


image17.wmf
2

UCI

£

N


image18.wmf
2

UCI

2

N

N

£

<


image19.wmf
2

N


image20.wmf
3

UCI

2

N

N

N

£

<


image21.wmf
3

N


image22.wmf
4

UCI

3

N

N

N

£

<


image1.wmf
)

(

)

,

(

,

n

r

v

u

d

a


oleObject1.bin

