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1	Introduction
During RAN plenary #78, the release 15 NR specifications were approved. Furthermore, it was agreed that during the first quarter of 2018, RAN1 will continue to focus on the stabilizing of the basic and essential functionalities within the scope of the December drop.
Significant progress has been made on the PUCCH structure in long duration in the previous meetings, this is reflected in the specification. In this contribution, we address the remaining open points on long PUCCH. Specifically, we consider the following points:
· Handling HARQ-ACK and SR in case of partial overlap.
· Inter-slot hopping pattern in case of multi-slot PUCCH transmission.
· Slot selection for multi-slot PUCCH transmission.
· [bookmark: _Hlk503366864]Clarifications to the specifications on base sequence hopping, and data scrambling.
2 Discussion
2.1 HARQ-ACK and SR in case of partial overlap
In RAN1#91 [1], the following agreement was reached:
Agreements:
· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time

This agreement covers the case when PUCCH transmission for SR and HARQ-ACK completely overlap, i.e. they have the same starting symbol and the same duration. However, it leaves open for further study, the case when PUCCH transmission for SR and HARQ-ACK partially overlap. There are two cases to consider:
Case 1: If one of the PUCCH transmissions for SR or HARQ-ACK is a long PUCCH transmission (e.g. Format 1, 3 or 4), and the other PUCCH transmission is a short PUCCH transmission (e.g. Format 0 or 2). At the start of the long PUCCH transmission, the presence of the short PUCCH transmission that will later overlap with the long PUCCH and/or the UCI value carried by the short PUCCH might not be known. When the short PUCCH transmission occurs at a later symbol, while the long PUCCH transmission is still on going, there are several solutions to consider:
1. Delay the short PUCCH transmission after the end of the long PUCCH. This increases latency, making this solution not ideal especially for URLLC type traffic.
2. Dropping the short PUCCH transmission. This also leads to an increased latency as it leads to the retransmission of the PDSCH (in case of HARQ-ACK), or a transmission of the SR at a later SR opportunity. The increased latency makes this solution not ideal especially for URLLC type traffic.
3. The short PUCCH transmission punctures the long PUCCH transmission. There is no latency impact for short PUCCH, however, the puncturing of the long PUCCH transmission can lead to reduced reliability for long PUCCH. The network, in anticipation of potential puncturing of long PUCCH by short PUCCH, can use a less aggressive coding rate for the long PUCCH (if needed).
Of the three solutions presented above, solution 3 seems to have the least impact on latency and overall system performance.
Proposal 1: In case PUCCH transmissions for SR and HARQ-ACK partially overlap in time, with one of these transmissions using long PUCCH (Format 1, 3 or 4) and the other transmission using short PUCCH (Format 0 or 2), the short PUCCH transmission punctures the long PUCCH transmission.
Case 2: If both PUCCH transmissions for SR and HARQ-ACK are long PUCCH transmissions that partially overlap. There are several sub-cases to consider here:
· Case 2a: Both long PUCCH transmissions start at the same symbol, but have different durations. In this case, we can follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions.
· Case 2b: Long PUCCH for SR transmission starts before the long PUCCH transmission for HARQ-ACK.
· In case of PUCCH formats 3 or 4. The HARQ-ACK resource is used for joint transmission of HARQ-ACK and SR. In this case, we can follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions.
· In case of PUCCH format 1. The HARQ-ACK resource is used to transmit HARQ-ACK in case of negative SR, however, the SR resource is used to transmit HARQ-ACK in case of positive SR. As the SR resource occurs earlier than the HARQ-ACK resource, it might not meet the HARQ-ACK timing. In this case, the SR is dropped.
· Case 2c: Long PUCCH for SR transmission starts after the long PUCCH transmission for HARQ-ACK. In this case, we can follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions. Note that, in case of PUCCH format 1, and positive SR, there might be a slight increase in latency if the SR resource ends after the HARQ-ACK resource.

Proposal 2: In case of long PUCCH transmission for SR and HARQ-ACK that partially overlap in time:
· If both long PUCCH transmissions start at the same symbol, or the SR long PUCCH transmission starts after the HARQ-ACK long PUCCH transmission, follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions.
· If the SR long PUCCH transmission starts before the HARQ-ACK long PUCCH transmission:
· In case of PUCCH format 3 or 4 follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions.
· In case of PUCCH format 1 the SR is drop.

2.2	Inter-slot hopping pattern in case of multi-slot PUCCH transmission
In RAN1#91 [1], the following agreement was reached, with regards to PUCCH transmission over multiple slots:
Agreements:
· For long PUCCH over multiple slots
· The number of slots configured for a long PUCCH over multiple slot are  (1, 2, 4, 8)
· Inter-slot hopping is performed on every slot
· For intra-slot hopping or inter-slot hopping, the 1st hop and 2nd hop are performed on the frequency resources indicated by PUCCH resource allocations

This agreement specifies the frequency resources used as RRC parameters:
· PUCCH-starting-PRB for the first hop.
· PUCCH-2nd-hop-PRB for the second hop

In case of intra-slot frequency hopping, the frequency of the first hop is used at the start of the slot, while the frequency of the second hop is used after the hopping boundary. Thus, we have:


In case of inter-slot frequency hopping, frequency hopping is performed on every slot. To allow for easy of user multiplexing in complimentary hops (i.e. two users using the same frequency resources but in different slots as shown in Figure 1), even slots use one set of resources, while odd slots use another set of resources. If the user’s first transmission slot is an even numbered slot (e.g. UE2 in Figure 2), the starting RB for each slot is given by:


If the user’s first transmission slot is an odd numbered slot (e.g. UE1 in Figure 2), the starting RB for each slot is given by:





[bookmark: _Ref503357436]Figure 1: Multi-slot PUCCH transmissions with two users on complimentary frequency hops, UE2 skips the third slot (for example not enough UL symbols available).



[bookmark: _Ref503358387]Figure 2: Multi-slot PUCCH transmission with two users on complimentary frequency hops. UE1 starts at an odd slot, while UE2 starts at an even slot.

Proposal 3: In case of a multi-slot PUCCH transmission with inter-slot frequency hopping enabled, and the user’s first PUCCH transmission slot is an even numbered slot, the starting RB for each slot is given by:


In case of a multi-slot PUCCH transmission with inter-slot frequency hopping enabled, and the user’s first PUCCH transmission slot is an odd numbered slot, the starting RB for each slot is given by:


2.3 	Slot selection for multi-slot PUCCH transmission 
In post RAN1#91 email discussion [1], the following agreement was reached with regards to PUCCH transmission over multiple slots:Update from email approval.
Agreements:
When a UE receives a grant to transmit the long PUCCH over K slots where K is configured by higher layers, with duration of N symbol in each slot indicated by the DCI grant, with transmission starting in slot M, the UE is expected to do the following 
o   If the UE receives the semi-static UL/DL configuration, the UE is expected to transmit the long PUCCH on the slot(s), starting from slot M, where the number of consecutive UL (FFS:  and/or Unknown) symbols >= N starting at the starting symbol indicated by PUCCH resource allocation. This continues until the UE has transmitted K slot(s) of long PUCCH.
o   If the UE does not receive any semi-static UL/DL configuration, the UE is expected to transmit long PUCCH over K consecutive slots, starting from slot M, starting at the starting symbol in each slot indicated by PUCCH resource allocation.


This agreement relates to which slots are used for long PUCCH multi-slot transmission. Per this agreement the first K slots starting with slot M having at least the number of consecutive UL symbols starting from the first configured symbol of the PUCCH transmission in slot greater than or equal to the configured duration of long PUCCH. The open point is whether unknow or flexible symbols should be counted when determining if a slot is to be used for PUCCH transmission. 
To support dynamic TDD operation, some symbols are semi-statically configured as flexible/unknow symbols. These symbols can be reconfigured dynamically as UL or DL symbols using the group common DCI or the UL/DL scheduling DCIs. The multi-slot long PUCCH transmission is scheduled by an UL DCI grant, hence flexible symbols in a slot that could be used for the multi-slot long PUCCH transmission are counted with the UL symbols and used for UL transmission in a slot if the slot has enough uplink and flexible symbols starting from the first configured symbol of the PUCCH transmission to satisfy the configured duration.
Proposal 4: Flexible (unknown) symbols are counted with the uplink symbols of a slot to determine if a multi-slot PUCCH transmission can occur in this slot.

2.4	Clarifications to the Specs
In 38.211 [2] in section 6.3.2.1, clarify that the pseudo random generator is initialized with cinit = nID.
----------------------------------------------- start 38.211 -------------------------------------------------------------
[bookmark: _Toc500952659]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 where  is given by [5, TS 38.213]. The pseudo random generator shall be initialized with , at the beginning of each radio frame.
-	if sequence hopping but not group hopping shall be used




	where the pseudo-random sequence  is defined by clause 5.2.1 where  is given by [5, TS 38.213]. The pseudo random generator shall be initialized with , at the beginning of each radio frame.
------------------------------------------------------end 38.211 -------------------------------------------------------------------
In 38.211 [2] in section 6.3.2.6.1, change  to  and   to . Furthermore, per the RRC parameter list, the data scrambling identity is from 0, 1, … 1007
----------------------------------------------------- start 38.211 ------------------------------------------------------------------
[bookmark: _Toc500952672]6.3.2.6.1	Scrambling



The block of bits , where  is the number of bits transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to






where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 


where


-	 equals the higher-layer parameter Data-scrambling-Identity if configured,

-	 otherwise

------------------------------------------------------end 38.211 -------------------------------------------------------------------

Proposal 5: Make updates to specification 38.211 per section 2.4


3	Conclusion
In this contribution, we discussed the remaining open issues related to the structure of PUCCH in the long duration. The following proposals were made:
Proposal 1: In case PUCCH transmissions for SR and HARQ-ACK partially overlap in time, with one of these transmissions using long PUCCH (Format 1, 3 or 4) and the other transmission using short PUCCH (Format 0 or 2), the short PUCCH transmission punctures the long PUCCH transmission.
Proposal 2: In case of long PUCCH transmission for SR and HARQ-ACK that partially overlap in time:
· If both long PUCCH transmissions start at the same symbol, or the SR long PUCCH transmission starts after the HARQ-ACK long PUCCH transmission, follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions.
· If the SR long PUCCH transmission starts before the HARQ-ACK long PUCCH transmission:
· In case of PUCCH format 3 or 4 follow the multiplexing rules defined for the case of two fully overlapping long PUCCH transmissions.
· In case of PUCCH format 1 the SR is drop.

Proposal 3: In case of a multi-slot PUCCH transmission with inter-slot frequency hopping enabled, and the user’s first PUCCH transmission slot is an even numbered slot, the starting RB for each slot is given by:


In case of a multi-slot PUCCH transmission with inter-slot frequency hopping enabled, and the user’s first PUCCH transmission slot is an odd numbered slot, the starting RB for each slot is given by:


Proposal 4: Flexible (unknown) symbols are counted with the uplink symbols of a slot to determine if a multi-slot PUCCH transmission can occur in this slot.
Proposal 5: Make updates to specification 38.211 per section 2.4
References 
[1] [bookmark: _Ref503353575]Chairman’s Notes, RAN1#91, Reno, Nevada, USA, November 2017.
[2] [bookmark: _Ref503275480]TS 38.211 “Physical channels and modulation”, V15.0.0, December 2017.
[3] [bookmark: _Ref503368978]TS 38.213 “Physical layer procedures for control”, V15.0.0, December 2017.



oleObject3.bin

image4.emf
Frequency

Time

UE1

UE2 UE1

UE2 UE1 UE2

UE1 UE2

A

B

For UE1:

PUCCH-starting-PRB = B

PUCCH-2nd-hop-PRB = A

For UE2:

PUCCH-starting-PRB = A

PUCCH-2nd-hop-PRB = B

Slot 0 Slot 1 Slot 2 Slot 3 Slot 4


oleObject4.bin
Frequency


Time


UE1


UE2


UE1


UE2


UE1


UE2


UE2


UE1


A


B


For UE1:
PUCCH-starting-PRB = B
PUCCH-2nd-hop-PRB = A


For UE2:
PUCCH-starting-PRB = A
PUCCH-2nd-hop-PRB = B


Slot 0


Slot 1


Slot 2


Slot 3


Slot 4



image5.emf
Frequency

Time

UE1

UE2 UE1

UE2 UE1 UE2

UE1 UE2

A

B

For UE1:

PUCCH-starting-PRB = A

PUCCH-2nd-hop-PRB = B

For UE2:

PUCCH-starting-PRB = A

PUCCH-2nd-hop-PRB = B

Slot 0 Slot 1 Slot 2 Slot 3 Slot 4


oleObject5.bin
Frequency


Time


UE1


UE2


UE1


UE2


UE1


UE2


UE2


UE1


A


B


For UE1:
PUCCH-starting-PRB = A
PUCCH-2nd-hop-PRB = B


For UE2:
PUCCH-starting-PRB = A
PUCCH-2nd-hop-PRB = B


Slot 0


Slot 1


Slot 2


Slot 3


Slot 4



oleObject6.bin

image6.wmf
î

í

ì

=

=

=

0

2

mod

 

PRB

-

hop

-

2nd

-

PUCCH

1

2

mod

 

PRB

-

starting

-

PUCCH

RB

start

m

m

s

s

n

n


oleObject7.bin

image7.wmf
(

)

30

mod

ss

gh

f

f

u

+

=


oleObject8.bin

image8.wmf
v


oleObject9.bin

image9.wmf
0

30

mod

0

ID

ss

gh

=

=

=

v

n

f

f


oleObject10.bin

image10.wmf
ID

n


oleObject11.bin

image11.wmf
(

)

0

30

mod

30

mod

8

2

ID

ss

7

0

s

gh

=

=

÷

ø

ö

ç

è

æ

+

=

å

=

v

n

f

m

n

c

f

m

m


oleObject12.bin

image12.wmf
)

(

i

c


oleObject13.bin

oleObject14.bin

image13.wmf
(

)

s

ID

ss

gh

30

mod

0

n

c

v

n

f

f

=

=

=


oleObject15.bin

oleObject16.bin

oleObject17.bin

image14.wmf
)

1

(

),...,

0

(

bit

-

M

b

b


oleObject18.bin

image15.wmf
bit

M


oleObject19.bin

image16.wmf
)

1

(

~

),...,

0

(

~

bit

-

M

b

b


oleObject20.bin

image17.wmf
(

)

2

mod

)

(

)

(

)

(

~

)

(

)

(

)

(

i

c

i

b

i

b

q

q

q

+

=


oleObject21.bin

image18.wmf
(

)

2

mod

)

(

)

(

)

(

~

i

c

i

b

i

b

+

=


oleObject22.bin

image19.wmf
)

(

)

(

i

c

q


oleObject23.bin

image20.wmf
)

(

i

c


oleObject24.bin

image21.wmf
ID

15

RNTI

init

2

n

n

c

+

×

=


image1.wmf
î

í

ì

=

hop

 

Second

 

PRB

-

hop

-

2nd

-

PUCCH

hop

First 

 

PRB

-

starting

-

PUCCH

RB

start


oleObject25.bin

image22.wmf
{

}

1023

,...,

1

,

0

ID

Î

n


oleObject26.bin

image23.wmf
{

}

1007

,...,

1

,

0

ID

Î

n


oleObject27.bin

image24.wmf
cell

ID

ID

N

n

=


oleObject28.bin

oleObject29.bin

oleObject30.bin

oleObject1.bin

image2.wmf
î

í

ì

=

=

=

1

2

mod

 

PRB

-

hop

-

2nd

-

PUCCH

0

2

mod

 

PRB

-

starting

-

PUCCH

RB

start

m

m

s

s

n

n


oleObject2.bin

image3.wmf
î

í

ì

=

=

=

0

2

mod

 

PRB

-

hop

-

2nd

-

PUCCH

1

2

mod

 

PRB

-

starting

-

PUCCH

RB

start

m

m

s

s

n

n


