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1 Introduction
In this contribution, we share views about the remaining issues for PUCCH structure, focusing on repetition. The first section covers the definition of repetition factor, and the second section discusses partial overlap between SR occasions, and the third section deals with the partial overlap between PUCCH repetition and PUSCH bundling.
2 Discussion
2.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Partial overlap of PUCCH repetitions
The latest CR for TR 38.213 [1] describes the following UE behaviour. When long PUCCH is repeated, a RRC parameter nrofSlots configures the number of instances. This applies all types of UCI including SR and HARQ-ACK and CSI. Thus, UE should repeat SR in as many instances as HARQ-ACK repeats because of the specification.
	9.2.6	UCI repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for a PUCCH transmission by respective higher layer parameters nrofSlotsPUCCH-F1-number-of-slots , PUCCH-F3-number-of-slots, or PUCCH-F4-number-of-slots. 



This makes ambiguous when different types of UCIs begin repetition with different starting slots. Suppose that a UE needs to transmit SR and also feeds back encoded UCI. When two configured PUCCH resources overlap, the SR is appended to encoded UCI. Otherwise, each UCI uses own PUCCH resource. In Figure 1, a UE transmits SR on Format 1 in Slot 1, both SR and HARQ-ACK on Format 3 in Slot 2, HARQ-ACK on Format 3 in Slot 3. It is observed that the payload of each slot varies 1 bit. Depending on the number of UCI bits, appending SR or not changes the chosen PUCCH resource set, i.e., N2 or N2+1, N3 or N3+1. 
The situation gets worse when K SR resources are configured and overlap in the slot. In this case, the total number of UCI bits can increase by OSR=ceil(log2(K+1)), and it is more easily to switch between different PUCCH resource sets. The serving gNB should combine UCIs from different PUCCH resources.
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[bookmark: _Ref513749099]Figure 1 Example of multiplexing SR occasion and UCI occasion

Another example will be the partial overlap between HARQ-ACK occasions. The UE can be located at the edge of UL coverage and be configured to PUCCH repetition. In our perspective, not just as LTE did, the DL throughput should not be affected due to the uplink SINR budget. The DL throughput is always able to optimized, and the gNB can schedule PDSCH frequently.
Since a HARQ-ACK occasion is generated per PDSCH reception, two or more HARQ-ACK occasions can partially overlap in some slots, which is given in Figure 2. The lastly received DL-DCI will determine the PUCCH resource in slots where its associated HARQ-ACK occasion continues. After the HARQ-ACK occasion ends, the other HARQ-ACK occasion can still keep transmitting. We want to point out that the payload for each slot will vary. Depending on the number of TBs or CBGs, the chosen PUCCH resource set can be changed, i.e., N2 or N2+1, N3 or N3+1. 
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[bookmark: _Ref513762349]Figure 2 Example of HARQ-ACK occasions

Based on two examples above, there is ambiguity to define the number of PUCCH transmissions. Figure 1 has three PUCCH instances to transmit each UCI type twice. Figure 2 has six PUCCH instances to transmit each UCI type four times. In this sense, the repetition factor should be counted as being transmitted. The refined texts is following.
	9.2.6	UCI repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for a PUCCH UCI transmission by respective higher layer parameters nrofSlotsPUCCH-F1-number-of-slots , PUCCH-F3-number-of-slots, or PUCCH-F4-number-of-slots.



[bookmark: _Ref513764393]Proposal 1: The PUCCH repetition factor is described as ‘UCI transmission’, which replaces the current ‘PUCCH transmission’ in the TS 38.213.

2.2 Partial overlap of SR repetitions
Partial overlap occurs between SR repetitions when UE is configured to more than two SR resources. Consider that two SR are configured with partially overlapping PUCCH resources, and that one SR begins repeating while the other SR is being repeating. The priority rule applies and only one SR is chosen by upper layer and the other SR is dropped. Then, the more prioritized SR is repeated as it is, and less prioritized SR does not complete its SR occasion. There are some alternatives to handle the remaining instances of the less prioritized SR; whether or not continue its occasion. We consider the SR repetition to enhance UL coverage, and triggering the buffer status report is up to the serving gNB. The serving gNB may not notice the arrival of certain traffic because some SR instances are dropped for this moment. Thus, we prefer to resume the dropped instances of the less prioritized SR, which is illustrated in Figure 3.
[bookmark: _Ref513764399]Proposal 2: Clarify whether or not to resume the remaining instances of the less prioritized SR occasion when two or more SR repeat and their associated PUCCH resources overlap.
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[bookmark: _Ref513759392]Figure 3 Example of SR multiplexing with resuming SR instance


2.3 Multiplexing PUCCH and PUSCH with repeated transmissions

	Agreements: (RAN1-92)
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.

Working assumption: (RAN1-92b)
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 
· The definition of N1 and N2 follows the same definition in current NR spec. 
· X and Y are non-negative integer values.
· FFS on values of X and Y 
· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 
· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
· FFS: how to handle HARQ-ACK for semi-static PDSCH.
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.
· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 
· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.




In LTE, the PUCCH format 1x can be repeated (i.e., ackNackRepetition), and other UL transmissions are not allowed during PUCCH repetition. HARQ-ACK is allowed, but CSI is not allowed to repeat, which may be reported using the triggered reporting. The UL edge throughput is not optimized because PUSCH is not transmitted, and the DL edge throughput is not optimized because PUCCH is not transmitted and in turn PDSCH is not assigned. In NR, the edge throughput is importance to satisfy 5G requirement. Thus, it is desirable to allocate both DL data and UL data during PUCCH repetition and PUSCH repetition. With the agreement above, we propose to assign UCI onto PUSCH whenever the time resource of PUCCH and PUSCH is overlapped.
Other alternatives include: simultaneous PUSCH and PUCCH transmission whenever they are overlapped properly, or drop either one UL channel. The former alternative is not yet discussed, and the latter alternative can be considered but it seems not being optimized with simplified implementations. Furthermore, the latter alternative may support priority-based selection mechanism.
In order to piggyback UCI onto PUSCH, we can distinguish two cases. Case 1 is that PDCCH for PUCCH comes before PDCCH for UL grant; Case 2 is the complementary case.
Case 1 (UL grant comes later): UE knows of PUCCH slots by DL-DCI. In addition, UE knows of PUSCH slots by UL-DCI. Thus, Case 1 has three types of UL transmissions; PUCCH slot, PUSCH slot, and UCI on PUSCH slot. The serving gNB knows the UCI size, and can allocate enough PUSCH resource even when UCI intervenes.
[bookmark: _Ref510791978]Proposal 3: If UL-DCI comes later than DL-DCI, then there are three set of slots when PUSCH repetition and PUCCH repetition partially overlap. (PUCCH slot, PUSCH slot, and UCI on PUSCH slot)
Case 2 (UL grant comes before): UE knows of PUSCH slots (with possible UCI) by UL-DCI. In addition, UE knows of PUCCH slots by DL-DCI. Just as Case 1, there exists three types of UL transmissions, but according to previous agreement, the DL assignment is not received after UL grant in Rel-15.
	Agreements: (RAN1-90b)
· Regarding hanlding the possibility of DL assignments later than UL grant, to down-select between:
· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH
· X=2 for slot-based scheduling
· FFS X for non-slot based scheduling
· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 
· FFS other details
· If no consensus can be achieved by the end of this week, the following will be agreed:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH



To follow the current agreement, it is possible to drop PUSCH and to transmit PUCCH. This is because such fast HARQ-ACK feedback would imply the DL URLLC traffic. It is a valid point except when PUSCH carries the UL URLLC traffic. For the other way, dropping PUCCH and transmitting PUSCH have an exception as well.
In our understanding, the current agreement is applied in contexts of no-repetition case. Thus, we would suggest to reconsider the scenario to build a more complete solution. If the current agreement is extended to repetition case, then the DL assignment and the UL grant can impact to the scheduling after PUSCH repetition completes and the throughput can decrease.
[bookmark: _Ref510791981]Proposal 4: If UL-DCI comes before DL-DCI, then the current agreement (i.e., no DL assignment is received after UL grant) applies to the single slot transmission case.
The above alternatives focused how to estimate the number of UCI bits before UE encodes UL-SCH. We would propose to depend on the DL-DCI. The DAI field in the DL-DCI can indicate the UCI size in the PUSCH. When UE misses DL-DCI, UE transmit PUSCH without corresponding HARQ-ACK. When UE catches DL-DCI, UE knows the UCI size and encode UL-SCH properly. The serving gNB should set appropriate timing for K0, K1, K2 and provide DAI so that UE can prepare for the correct PUSCH transmission. Thus just as Case 1, Case 2 would have three types of UL transmissions; PUCCH slot, PUSCH slot, and UCI on PUSCH slot.
3 Conclusion
In this contribution, we propose the following.
Proposal 1: The PUCCH repetition factor is described as ‘UCI transmission’, which replaces the current ‘PUCCH transmission’ in the TS 38.213.
The proposed text is below.
	9.2.6	UCI repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for a PUCCH UCI transmission by respective higher layer parameters nrofSlotsPUCCH-F1-number-of-slots , PUCCH-F3-number-of-slots, or PUCCH-F4-number-of-slots.



Proposal 2: Clarify whether or not to resume the remaining instances of the less prioritized SR occasion when two or more SR repeat and their associated PUCCH resources overlap.
Proposal 3: If UL-DCI comes later than DL-DCI, then there are three set of slots when PUSCH repetition and PUCCH repetition partially overlap. (PUCCH slot, PUSCH slot, and UCI on PUSCH slot)
Proposal 4: If UL-DCI comes before DL-DCI, then the current agreement (i.e., no DL assignment is received after UL grant) applies to the single slot transmission case.
4 Reference
[1] R1-1805795	CR to TS 38.213 capturing the RAN1#92bis meeting agreements	Samsung

Page 1 / 5

image2.png
Slot 2 Slot 3

Slot 1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-———---p time

»l
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

8]e]]

UCI & SR

SR

Encoded HARQ-ACK or CSI

i e e e o e e e e e e





image3.png
---% time

e ..|||||||||
; 1
; 1
i 1
O i 1
g !
a s !
A i
“
:
.M-||||| ||||||||| d o mme e _—
; 1
1
[To R 1
i i
Ne A !
Vi e 1
; 1
; 1
Fem e e ——————
I
; I
< i i
5 S !
D <
wni |2 i
Pl N 1
; 1
1
; I
i P e
1
i i
o i !
P T i
O ™ 1
nila 1
k2 1
H ~ 1
H 1
) 2 -
1
H 1
~ “
i
S 2l
2 N I
1
H 1
H 1
]
.M. |||||||||||||| d e
H 1
1
— i !
B i
O @ i
w0 i ~ 1
1
H 1
1
“
IR 2 Jmmmmmm--
1 T
! U
H O
1 2
! o

HARQ-ACK of a PDSCH
HARQ-ACK of next PDSCH




oleObject2.bin

image4.png
Slot 2 Slot 3 Slot 3

Slot 1

----> time

x
wn
2 o
N n
7 N
~— ©
()]

Less prioritized SR 1

SR 1

e e e e e e e e e e e e e e e e e e e e ]

More prioritized SR 2




oleObject3.bin

image1.wmf
repeat

PUCCH

N


oleObject1.bin

