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1 Introduction
In RAN#93, many of the design of PUCCH is completed. However, there are still few remaining issues to be resolved/clarified.

· Remaining issues of short-PUCCH

· SR (or SPS A/N) overlapping two TDMed CSIs
· nRNTI for cinit of scrambling sequences for PUCCH format 2/3/4
· PUCCH resource adaptation considering UE processing time
· Remaining issues of long-PUCCH

· Determination of multi-CSI PUCCH
· Overlap between multi-slot PUCCH
· Remaining issues of UCI multiplexing

· Timing conditions regarding to overlap of PUCCH/PUSCH
· Collision of A-CSI on PUSCH and P/SP-CSI on PUCCH
· Remaining issues of resource allocation

· timeDomainOCC for PUCCH resource sets before dedicated PUCCH resource configuration
This contribution clarifies/discusses these aspects.

2 Remaining issues of short-PUCCH
2.1 SR (or SPS A/N) overlapping two TDMed CSIs
In RAN#93, most of the rules for UCI multiplexing are completed. However, there is solution missing for the scenario “SR (or HARQ-ACK of SPS-PDSCH) overlapping two TDMed CSIs”. As shown in Figure 1, in the slot, it happens to have one SR (SR1) and two CSI (CSI1 and CSI2), where SR1 overlapping both CSI1 and CSI2. Merge of PUCCH is necessary, and there are at least three alternatives

· Alt1: SR1 to be multiplexed with the earlier CSI (CSI1 in the example)

· Alt2: SR1 to be multiplexed with the later CSI (CSI2 in the example)

· Alt3: SR1 to be multiplexed with both CSIs (both CSI1 and CSI2 in the example)

· …

Compared to Alt2, Alt1 has advantage of latency. Compared to Alt3, Alt1 may need less resource. Therefore, Alt1 is suggested to be adopted.

[image: image1]
Figure 1. Example of SR overlapping two TDMed CSIs
Proposal #1: When PUCCH of SR (or HARQ-ACK of SPS-PDSCH) overlaps two TDMed PUCCH of CSI, the SR (or HARQ-ACK of SPS-PDSCH) is multiplexed with the earlier CSI.
2.2 nRNTI for cinit of scrambling sequences for PUCCH format 2/3/4
For PUCCH format 2/3/4, cinit is required to generate scrambling sequence, and is a function of nRNTI and nID, as shown in the below (copied Section 6.3.2.5.1 of 38.211). How to get nID is captured in spec, but how to get nRNTI is missing. Similarly to that of LTE, C-RNTI for the nRNTI shall also be adopted in NR.
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The block of bits 5(0),....b(My;, —1) , where M, is the number of bits transmitted on the physical channel, shall be

scrambled prior to modulation, resulting in a block of scrambled bits b (0),17 (M bit ~ 1) according to
B(i) = (b(i) + c(i) Jmod2

where the scrambling sequence ¢ @ (1) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with
15
Cnit = MRy "2+
where

- np €{0,1,...1023} equals the higher-layer parameter dataScramblingldentityPUSCH if configured,

1l .
- nIp =N]CI§ otherwise




Proposal #2: C-RNTI is used for nRNTI of cinit to generate the scrambling sequences for PUCCH format 2/3/4. Moreover, text proposal in Section 7.1 is adopted to capture the fixing.
2.3 PUCCH resource adaptation considering UE processing time
The PUCCH resource determination is based on a PUCCH resource indicator field in the last DL assignment. When HARQ-ACKs of different PDSCH of different time instance are to be transmitted within one slot, the PUCCH resource may be updated from UE perspective. As shown in Figure 2, in Slot#n, UE thinks it is scheduled with PUCCH resource 1. However, in Slot#(n+1), UE is re-scheduled to PUCCH resource 2 based on ARI and number of UCI bits. Adaptation of PUCCH resource may advance the transmission time of PUCCH. However, NW shall anyway provide enough UE processing time. As shown in the example, T2 has to be equal to or larger than 8 symbols, in case of “15KSCS, without additional DMRS”. It is noted in the figure, TA is not considered for simplicity.


[image: image3]
Figure 2. Example of the updated PUCCH resource with advanced timing

Sometime, adaptation of PUCCH resource may postpone the transmission time of PUCCH. However, NW shall also anyway provide enough UE processing time, as shown in Figure 3.


[image: image4]
Figure 3. Example of the updated PUCCH resource with postponed timing

After further analysis, there is remaining issue for the example shown in Figure 4. In the figure, T1 provides enough UE processing time considering PDSCH in slot#n and PUCCH resource 1; T2 also provides enough UE processing time considering PDSCHs in slot#n and in slot#(n+1) and PUCCH resource 2. However, before successful decoding of DCI in slot#(n+1), UE does not know PUCCH resource 1 is to be replaced by PUCCH resource 2. UE would prepare PUCCH resource 1 and transmit it. In the example, it is not possible for UE to cancel PUCCH resource 1 and then to transmit PUCCH resource 2. There are two alternatives can resolve the issue

· Alt1 : UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N1 symbols.

·  Note: It takes time for UE to prepare PUCCH. If after UE starts to prepare PUCCH, UE is assigned an updated PUCCH resource due to additional HARQ-ACK bit to be multiplexed together, UE has to give up on-going preparation and change to prepare another PUCCH resource, which increase a lot UE’s design burden. There is no strong motivation for NR to support such flexibility. Hence, NR shall define a timing threshold that UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by “Timing threshold”. N1 of no additional DMRS without any extra processing time can be used for the Timing threshold.

· Alt2 : For the HARQ-ACK codebook generation and PUCCH resource adaptation, when one more PDSCH is taken into consideration in “iteration i”, UE processing time requirement shall also be satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i-1”.

· Note: It is assumed UE processing time requirement is satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i”.


[image: image5]
Figure 4. Example of the critical issue in case there is no any restriction on adaptation of PUCCH resource
Proposal #3: To adopt one of the below two alternatives to resolve issue of PUCCH resource adaptation considering UE processing time

•
Alt1 : UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N1 symbols.
•
Alt2 : For the HARQ-ACK codebook generation and PUCCH resource adaptation, when one more PDSCH is taken into consideration in “iteration i”, UE processing time requirement shall also be satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i-1”.

o
Note: It is assumed UE processing time requirement is satisfied between the PDSCH in “iteration i” and PUCCH resource determined in “iteration i”.
3 Remaining issues of long-PUCCH
3.1 Determination of multi-CSI PUCCH
Up to two PUCCH resources can be configured as multi-CSI PUCCH to carrying more than one P/SP-CSI reporting at one time. When two resources are configured, the general idea is to use the PUCCH resource with smaller capacity if it carry all UCIs. Therefore, in Section 9.2.5.2 of 38.213, it says the resources are at first indexed according to an ascending order for “the product of ooxx…” as the capacity of multi-CSI PUCCH.
-
if the UE is provided by higher layer parameter pucch-CSI-ResourceList or by higher layer parameter multi-CSI-PUCCH-ResourceList with 
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 PUCCH resources 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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However, when PUCCH format 4 is applied, block-wise spreading factor shall also be considered.

Proposal #4: When determining a multi-CSI PUCCH from more than one, block-wise spreading factor of PUCCH format 4 shall also be taken into account for PUCCH resource ordering.

Intuitively, it does not make sense for NW to configure two PUCCH resources with the same “product of ooxx…” as the capacity of multi-CSI PUCCH. To avoid ambiguity, we propose: 

Proposal #5: Regarding to multi-CSI PUCCH, UE does not expect to be configured with two multi-CSI-PUCCHs with the same capacity.

Proposal #6: Text proposal in Section 7.2 is adopted to capture the fixing from Proposal #4 and Proposal #5.

3.2 Overlap between multi-slot PUCCH
As illustrated in Figure 5, complete solutions have been design for single-slot PUCCH colliding with single-slot PUCCH. However, solutions for multi-slot PUCCH colliding with single/multi-slot PUCCH are not specified yet. 


[image: image9]
Figure 5. Example of overlap between single/multi-slot PUCCH
As illustrated in Figure 6, when all multi-slot PUCCHs overlap with each other for every slot, the existing solutions for single-slot can be applied for every slot. However, if there is partial overlap, it is more complicated to combine UCI of non-merged PUCCH and merged PUCCH since different coding may be applied. Therefore, dropping rule shall be applied for overlapping slot, and the priority rule is also described in Figure 6. Regarding to non-overlapping slot, PUCCH is transmitted.


[image: image10]
Figure 6. Example of overlap between single/multi-slot PUCCH
Proposal #7: Regarding to overlap between/among multi-slot PUCCHs, the mechanism is adopted:

· If “all multi-slot PUCCHs overlap with each other for every slot”
· For every overlapping slot, to follow the operation of single-slot to merge/drop PUCCH

· Else

· For every overlapping slot, to drop PUCCH following the priority rule
· Different UCI type : HARQ-ACK > SR > CSI

· The same UCI type : 

· HARQ-ACK/SR : to follow the below priority order

· The earlier (slot as unit) transmitted one
· The larger repetition level one
· (Only applicable to SR) The earlier (within a slot) transmitted one
· CSI : follow priority of CSI reporting

· For every non-overlapping slot, PUCCH is transmitted
4 Remaining issues of UCI multiplexing
4.1 Timing conditions regarding to overlap of PUCCH/PUSCH
The issue of timeline requirements on overlapping UL channels was resolved in RAN1#93, as shown in the below working assumption.

Working assumption: (@RAN1#93)
· In the WA of timeline requirements on overlapping UL channels made in RAN1 92bis, 
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 as specified in 38.214.

· Note: the definition ofs 
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 follows the same definitions in TS 38.214. 
The working assumption was captured in 38.213, as shown in the below paragraph (extracted from 38.213).


[image: image23]
There is update of 38.214, where “N2 + d2,1 ” updated to “N2 + d2,1 + d2,2”. There corresponding change shall be applied to 38.213, where “
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Proposal #8: Text proposal in Section 7.3 is adopted to capture the fixing regarding to timing conditions for overlap of PUCCH/PUSCH.

4.2 Collision of A-CSI on PUSCH and P/SP-CSI on PUCCH
From Section 9 of 38.213, it says

If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH that overlaps with the PUSCH, the UE multiplexes the UCI in the PUSCH. 
In case A-CSI on PUSCH, there is only HARQ-ACK can be further multiplexed into the PUSCH. From 38.214, P/SP-CSI shall be dropped in case of collision, and from 38.213, SR is also dropped in this case. The related information from 38.214 for CSI and from 38.213 for SR is copied in Figure 7. Therefore, the last sentence is suggested to be revised to avoid ambiguity, and the update is

If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH that overlaps with the PUSCH, the UE multiplexes HARQ-ACK (if any) in the PUSCH and drop other UCI(s). 
Proposal #9: Text proposal in Section 7.4 is adopted to capture the change to avoid ambiguity.


[image: image26]
Figure 7. Reference from 38.214 and 38.213
5 Remaining issues of resource allocation
5.1 timeDomainOCC for PUCCH resource sets before dedicated PUCCH resource configuration
Before UE has dedicated PUCCH resource configuration, based on higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1, UE determines one PUCCH resource set from Table 9.2.1-1 (copied as shown in Figure 8) of 38.213 for HARQ-ACK feedback. From Table 9.2.1-1 and rule specified in 9.2.1 of 38.213, UE can determine one PUCCH when UE needs to feedback HARQ-ACK. Necessary parameters of PUCCH are almost specified, but the timeDomainOCC for PUCCH format 1 is missing. The simplest way for bug fixing is to assume the higher layer parameter “timeDomainOCC” as 0, corresponding to w0(m) in Table 6.3.2.4.1-2 (copied as shown in Figure 9) of 38.211. 

Proposal #10: For PUCCH resource sets before dedicated PUCCH resource configuration, when PUCCH format 1 is determined, the higher layer parameter “timeDomainOCC” is assumed as 0. Moreover, Text proposal in Section 7.5 is adopted to capture the fixing.

[image: image27.png]Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration

PRB offset

Index | PUCCH forma | First symbol | Number of symbols | ppces peLotinitial
0 0 12 2 0 0.3}
T T [l 7 0 045
5 0 [l 2 3 0.4.5
3 1 10 4 ] 0.6
) 1 10 1 [ 0.3.6.9
5 1 10 1 2 0.3.6.9
3 1 10 1 ] 0.3.6.9
7 1 4 10 0 0.6}
& 1 7 70 [ 0.3.6.9
5 1 7 70 2 0.3.6.9
10 1 1 10 4 {0.3.6.9
1 1 0 14 0 0.6}
= 1 o 1 [ 0.3.6.9
5 1 o 1 2 0.3.6.9
i 1 o T ] 0.3.6.9
15 1 0 14 s/t 10.3.6.9





Figure 8. Copied Table 9.2.1-1 of 38.213
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Figure 9. Copied Table 6.3.2.4.1-2 of 38.211
6 Conclusion
Proposal #1: When PUCCH of SR (or HARQ-ACK of SPS-PDSCH) overlaps two TDMed PUCCH of CSI, the SR (or HARQ-ACK of SPS-PDSCH) is multiplexed with the earlier CSI.
Proposal #2: C-RNTI is used for nRNTI of cinit to generate the scrambling sequences for PUCCH format 2/3/4. Moreover, text proposal in Section 7.1 is adopted to capture the fixing.
Proposal #3: UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N2 symbols.
Proposal #4: When determining a multi-CSI PUCCH from more than one, block-wise spreading factor of PUCCH format 4 shall also be taken into account for PUCCH resource ordering.

Proposal #5: Regarding to multi-CSI PUCCH, UE does not expect to be configured with two multi-CSI-PUCCHs with the same capacity.

Proposal #6: Text proposal in Section 7.2 is adopted to capture the fixing from Proposal #4 and Proposal #5.

Proposal #7: Regarding to overlap between/among multi-slot PUCCHs, the mechanism is adopted:

· If “all multi-slot PUCCHs overlap with each other for every slot”
· For every overlapping slot, to follow the operation of single-slot to merge/drop PUCCH

· Else

· For every overlapping slot, to drop PUCCH following the priority rule
· Different UCI type : HARQ-ACK > SR > CSI

· The same UCI type : 

· HARQ-ACK/SR : to follow the below priority order

· The earlier (slot as unit) transmitted one

· The larger repetition level one

· (Only applicable to SR) The earlier (within a slot) transmitted one

· CSI : follow priority of CSI reporting

· For every non-overlapping slot, PUCCH is transmitted
Proposal #8: Text proposal in Section 7.3 is adopted to capture the fixing regarding to timing conditions for overlap of PUCCH/PUSCH.

Proposal #9: Text proposal in Section 7.4 is adopted to capture the change to avoid ambiguity.

Proposal #10: For PUCCH resource sets before dedicated PUCCH resource configuration, when PUCCH format 1 is determined, the higher layer parameter “timeDomainOCC” is assumed as 0. Moreover, Text proposal in Section 7.5 is adopted to capture the fixing.

7 Text Proposal
7.1 nRNTI for cinit of scrambling sequences for PUCCH format 2/3/4

****************************************** TEXT START *****************************************

6.3.2.5
PUCCH format 2

6.3.2.5.1
Scrambling

The block of bits 
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where the scrambling sequence 
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and nRNTI is C-RNTI
******************************************* TEXT END ******************************************

****************************************** TEXT START *****************************************

6.3.2.6
PUCCH formats 3 and 4

6.3.2.6.1
Scrambling

The block of bits 
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where the scrambling sequence 
[image: image41.wmf])

(

i

c

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


[image: image42.wmf]ID

15

RNTI

init

2

n

n

c

+

×

=


where

-

[image: image43.wmf]{

}

1023

,...,

1

,

0

ID

Î

n

 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured,

-

[image: image44.wmf]cell

ID

ID

N

n

=

 otherwise

and nRNTI is C-RNTI
******************************************* TEXT END ******************************************

7.2 Determination of multi-CSI PUCCH
****************************************** TEXT START *****************************************

9.2.5.2
UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
< Unchanged parts are omitted >
-
if the UE is provided by higher layer parameter pucch-CSI-ResourceList or by higher layer parameter multi-CSI-PUCCH-ResourceList with [image: image45.wmf]2
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 PUCCH resources 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 [image: image46.wmf]m
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 (if applicable); Moreover, UE does not expect to be configured with two multi-CSI-PUCCHs with the same capacity.
******************************************* TEXT END ******************************************

7.3 Timing conditions regarding to overlap of PUCCH/PUSCH
****************************************** TEXT START *****************************************

9.2.5
UE procedure for reporting multiple UCI types

< Unchanged parts are omitted >
If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before symbol 
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 after a last symbol of any corresponding PDSCH or SPS PDSCH release and is not before symbol 

[image: image51.wmf]2

2

1

2

2

,

,

d

d

N

+

+

+

 after a last symbol of any corresponding PDCCH where [image: image52.wmf]+
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 corresponding to a PDSCH reception time for the UE PDSCH processing capability,[image: image54.wmf]+
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 corresponding to a PUSCH preparation time for the UE PUSCH processing capability, where [image: image56.wmf]1
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 are defined in [6, TS 38.214]. A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above 
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 timing conditions.

If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK/SR and CSI and PUCCHs with HARQ-ACK satisfies the above 
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 timing conditions and does not overlap with any other PUCCH or PUSCH that does not satisfy the above 
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 timing conditions, the UE multiplexes HARQ-ACK/SR and CSI and determines corresponding PUCCH(s) for transmission in the slot according to the following pseudo-code.
< Unchanged parts are omitted >
For each PUCCH resource in the set 
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******************************************* TEXT END ******************************************

7.4 Collision of A-CSI on PUSCH and P/SP-CSI on PUCCH
****************************************** TEXT START *****************************************

9
UE procedure for reporting control information
< Unchanged parts are omitted >
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH that overlaps with the PUSCH, the UE multiplexes HARQ-ACK (if any) in the PUSCH and drop other UCI(s). 
******************************************* TEXT END ******************************************

7.5 timeDomainOCC for PUCCH resource sets before dedicated PUCCH resource configuration
****************************************** TEXT START *****************************************

9.2.1
PUCCH Resource Sets

< Unchanged parts are omitted >
If 
[image: image74.wmf]ë

û

1

8

PUCCH

=

r


-
the UE determines the PRB index of the PUCCH transmission in the first hop as 
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 and the PRB index of the PUCCH transmission in the second hop as [image: image76.wmf](
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-
the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: image77.wmf](
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If PUCCH format 1 is determined, the higher layer parameter timeDomainOCC is assumed as 0.
******************************************* TEXT END ******************************************

8 Reference
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= (Only applicable to SR) The earlier (within a slot) transmitted one
o CSl: follow priority of CSl reporting
(R NERFFETN| (R Y| for non-overlappingslot : PUCCH is transmitted

PUCCH2 PUCCH2 | PUCCH2

PUCCH2 | PUCCH2

PUCCH2 \| PUCCH2




[image: image79.png]From 38.214, P/SP-CSI to be dropped if colliding with A-CSI

Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports
overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two
colliding CSI reports, the following rules apply (for CSI reports transmitted on PUSCH, as described in Subclause 5.2.3;

for CSI reions transmitted on PUCCH, as described in Subclause 5.2‘4i:

From 38.214, SR to be dropped

N +d}, +d,, a NI +d

nd

that satisfies the aforementioned 2! timing

conditions
- the UE transmits a PUCCH using the resource if the resource does not overlap with a PUSCH, or if the resource

is associated with repetitions of a PUCCH over multiple slots
In case the resource overlaps with multiple PUSCHs,

the PUSCH for multiplexing HARQ-ACK information and/or CSI is selected as described in Subclause 9.




[image: image80.png]If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first
symbol of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before

symbol N|"+d,, +d,, after a last symbol of any corresponding PDSCH or SPS PDSCH release and is not before

symbol

N +d,,

after a last symbol of any corresponding PDCCH where N, is obtained by adding one symbol to a

number of symbols NV, corresponding to a PDSCH reception time for the UE PDSCH processing capability, N, is

obtained by adding one symbol to a number of symbols NV, corresponding to a PUSCH preparation time for the UE
PUSCH processing capability, where N,, N,, d, , d,,,and d, are defined in [6, TS 38.214]. A UE does not expect

a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that
does not satisty the above N +d,, +d,, and|N; +d,, |timing conditions.




[image: image81.png]single-slot vs single-slot multi-slot vs single/multi-slot

PUCCH2 PUCCH2 PUCCH2 | PUCCH2

Complete solutions specified
(merge or drop according to some rules) What is the solution?




[image: image82.png]Slot#(n+1) Slot(n+2) Slot#(n+3)
PUCCH
resource 1
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> 8 symbo
~
[ TPUCCH PUCCH
| Iresource 1 resource 2

T2 =14 symbols  vTiming_2
> (8+3+1) symbols (requirement)

UE does not even have time to finish decoding of PDCCH!!
Not possible for UE to cancel PUCCH resource 1



[image: image83.png]Assumption : 15KSCS, N1=8 (without additional DMRS) (TA not considered for simplicity)

Slot#(n+1) Slot#(n+2) SlotR{n+3)
PUCCH
resource 1 I PDCCH
T1 > 8 symbols

\i‘ [] poscr
- I PUCCH

resource 2

=

T2 > 8 symbols

Observation : Adaptation of PUCCH resource may postpone transmission time of PUCCH,
and NW shall always guarantee UE processing time



[image: image84.png]Assumption : 15KSCS, N1=8 (without additional DMRS) (TA not considered for simplicity)

PUCCH
resource

- I PUCCH
resource 2

T2 > 8 symbols

Slot#(n+1) Slot#(n+2) SlotR{n+3) #
1

T1 > 8 symbols

Observation : Adaptation of PUCCH resource may advance transmission time of PUCCH,
and NW shall always guarantee UE processing time



[image: image85.png]Before merge

After merge

Potential solution

» Altl : SR1 to be multiplexed with the earlier CSI

B PuccH

» Alt2 : SR1 to be multiplexed with the later CSI

» Alt3 : SR1 to be multiplexed with both CSIs
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