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On the topic of UCI piggyback on PUSCH, many agreements are made in RAN1 91 [1]. However, there are still some open issues in this area such as UCI can FDM with DMRS or not, how to determine the reserved REs for HARQ-ACK, certain rules for UCI on PUSCH are still missing, UCI piggyback rule on PUSCH in case of CA is not discussed yet, etc.  

In this contribution, remaining issues for multiplexing UCI on PUSCH are discussed. 
[bookmark: _Ref471731770][bookmark: _Ref462669569]Exclude FDM UCI with DMRS
With DFT-S-OFDM based PUSCH, it is obvious that UCI should not FDM with (comb structured) DMRS on DMRS symbols, in order to preserve the single carrier waveform. With CP-OFDM based PUSCH, due to the fact that NR supports many DMRS patterns (two configurations, different number of DMRS ports, different CDM groups), as shown in Figure 1, if UCI FDM with DMRS, then UCI mapping rule will be extremely complicated, in order to work with all DMRS patters NR supports. Furthermore, it leads to different RE mapping rules between CP-OFDM and DFT-S-OFDM waveform. Depends on waveform, both UE and eNB will need to implement two different RE mapping rules, one for DFT-S-OFDM, the other for CP-OFDM. And the rule for CP-OFDM is extremely complicated. 




[bookmark: _Ref471549674]Figure 1: DMRS patterns for PUSCH in NR
To simplify the RE mapping with a unified RE mapping rule between CP-OFDM and DFT-S-OFDM, the solution is very simple. The proposal is not FDMing UCI with DMRS while only TDM UCI with DMRS regardless waveform. This will greatly reduce the complexity to map UCI to REs at UE transmitter. It also greatly simplifies eNB receiver implementation for UCI decoding because the UCI RE extract pattern is very simple. Of course, when UCI is piggyback on PUSCH with UL-SCH, UL-SCH can FDM with DMRS depends on the signalling in the DCI.     
In the light of simplify UCI mapping rule, RAN1 had the following agreements to avoid UCI FDM with DMRS. In RAN1 90, on high level, common mapping rule is agreed for DFT-S-OFDM and CP-OFDM waveform. In RAN 1 91, it is agreed “Map HARQ-ACK to REs around DMRS symbol(s)”, which means HARQ-ACK is mapped around DMRS symbols hence does not FDM with DMRS. For CSI, it is agreed to map to REs “starting on the first available non-DMRS symbol”. It is obvious CSI (including both part 1 and part 2) is not FDMed with front-loaded DMRS. It is natural to keep CSI not FDMing with additional DMRS, if exists. 
Agreements:
· For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform
Agreements:
· Detail UCI mapping rule on PUSCH is as follows:
· Map HARQ-ACK to REs around DMRS symbol(s)
· If PUSCH punctured by HARQ-ACK,
· Map CSI part 1 starting after certain amount of reserved HARQ-ACK REs. 
· FFS reserved HARQ-ACK REs 
· PUSCH can be mapped to reserved REs
· If PUSCH rate matched by HARQ-ACK,
· map HARQ-ACK first, followed by CSI part1. 
· FFS: how to map CSI part 2, e.g.,
· Map CSI part 2 after CSI part 1
· Map CSI part 2 after UL_SCH
Agreements:
· Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PUSCH transmission.
· Modulated CSI part 1 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 1 is not mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH
· CSI part 1 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· Modulated CSI part 2 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 2 can be mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH.
· CSI part 2 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· CSI part 2 is not mapped on the CSI part 1 REs.

In summary, to simply the UCI mapping rule, we have the following proposal
Proposal 1: When UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS. 
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UCI piggyback on PUSCH without UL-SCH
In RAN1 91, the following working assumption is agreed to calculate the number of resources for HARQ-ACK when UCI piggyback on PUSCH without UL-SCH. 
Working assumption:
· For UCI on PUSCH without UL-SCH, the amount of resources used for HARQ-ACK is calculated based on the following equation.







where  is the number of ACK/NACK bits,  is number of bits for CSI part 1. .  is the scheduled bandwidth for PUSCH transmission in the current PUSCH transmission period for the transport block, expressed as a number of subcarriers. is the number of OFDM symbols in the PUSCH transmission duration excluding DMRS. REs occupied by PTRS are also excluded. 
· FFS: if an upper bound on the number of symbols for HARQ-ACK resource is needed
· 
FFS: if set  to the number of bits for CSI part 1 assuming rank 1.

The reason to use CSI part 1 as reference in the denominator is because the size of CSI part 2 is unknown to eNB before decoding CSI part 1. However, the working assumption has a few issues:
· No upper bound on the HARQ-ACK resources is introduced. Therefore, HARQ-ACK can take all the resources in PUSCH when it supposes not to. For example, if the payload size of HARQ-ACK is the same as CSI-part1 and the beta offset value is also the same for HARQ-ACK and CSI-part 1, based on the equation, all resources will be given to HARQ-ACK while no resource is assigned to CSI part 1/part 2, which is obvious not a reasonable split of resources between HARQ-ACK, CSI part 1, and CSI part 2. 
· CSI part 1 payload size cannot be used as reference in the denominator to calculate the amount of resources for CSI part 1.




To resolve those issues, we propose to revert the working assumption by changing the reference in the denominator to include the payload size of HARQ-ACK, CSI-part 1, and CSI-part 2 (assuming rank 1). In details, the number of coded modulation symbols per layer for HARQ-ACK denoted as , CSI part 1 transmission denoted as , and CSI part 2 transmission denoted as , are determined as follows:






Where

-	 is the number of HARQ-ACK bits;



-	is the number of CRC bits for HARQ-ACK;  if is less than or equal to 11 bits.

-	 is the number of bits for CSI part 1;

-	 is the number of bits for CSI part 2 assuming rank1;



-	 is the number of CRC bits for CSI part 1;  if is less than or equal to 11 bits. 



-     is the number of CRC bits for CSI part 2 assuming rank 1;  if is less than or equal to 11 bits.









-	 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for . is an empty set and for DMRS symbol l.  is the total number of OFDM symbols of the PUSCH. REs occupied by PTRS are excluded in set .



 Proposal 2: When piggybacked on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK denoted as , CSI part 1 transmission denoted as , and CSI part 2 transmission denoted as , are determined as follows:






UCI piggyback on PUSCH with UL-SCH
The similar problem as described above exists in the equations agreed in RAN1 91 for resource allocation of UCI, when UCI piggyback on PUSCH with UL-SCH. For example, in the following equation to determine amount of resources for HARQ-ACK, in case ACK payload size is larger than UL-SCH payload size (which could occur often with DL CA and CBG based PDSCH), all resources will be assigned to HARQ-ACK with nothing left to other UCI types and UL-SCH. Even eNB assigning more RBs can not solve this issue. 


The issue can be fixed in the similar way as in previous proposal. In the denominator, the payload size scaled by beta offset values of all UCI types and UL-SCH can be included. By doing this, the overall resources are essentially split between HARQ-ACK, CSI part 1, CSI part 2, and UL-SCH proportional to payload size times the beta offset factor of each payload type. 




In details, the number of coded modulation symbols per layer for HARQ-ACK denoted as , CSI part 1 transmission denoted as , CSI part 2 transmission denoted as , and UL-SCH denoted as are determined as follows:









-	 is the number of HARQ-ACK bits;



-	is the number of CRC bits for HARQ-ACK;  if is less than or equal to 11 bits.

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;


-	 is the -th code block size for UL-SCH of the PUSCH transmission;

-	 is the number of bits for CSI part 1;

-	 is the number of bits for CSI part 2 assuming rank1;



-	 is the number of CRC bits for CSI part 1;  if is less than or equal to 11 bits. 



-         is the number of CRC bits for CSI part 2 assuming rank 1;  if is less than or equal to 11 bits.

-	 is the number of bits for CSI part 2 calculated with actual rank for CSI feedback;




[bookmark: MTBlankEqn]-	is the number of CRC bits for .  if is less than or equal to 11 bits. 









-	 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for . is an empty set and for DMRS symbol l.  is the total number of OFDM symbols of the PUSCH. REs occupied by PTRS are excluded in set .




Proposal 3: When piggybacked on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK denoted as , CSI part 1 transmission denoted as , CSI part 2 transmission denoted as , and UL-SCH denoted as are determined as follows:








Reserved REs for HARQ-ACK
In RAN1 91, it was agreed to reserve certain amount REs for HARQ-ACK, in case HARQ-ACK puncture PUSCH. But the details of how many REs and what are the locations of those REs are not agreed. In this section, we will address of the two open issues.
Since the reservation of REs is for the case when HARQ-ACK puncture PUSCH, where the size of HARQ-ACK is up to 2 bits. Therefore, it is reasonable to assume 2 bits HARQ-ACK for RE reservation. The locations of the reserved REs for HARQ-ACK are determined following the same rule defined in RAN1 #91 for mapping modulated HARQ-ACK symbols to REs.
In details, when HARQ-ACK puncture PUSCH in case of UCI piggyback on PUSCH, the number of REs reserved per layer for HARQ-ACK is determined as follows:
· If PUSCH is with UL-SCH

 
· If PUSCH is without UL-SCH


where

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;


-	 is the -th code block size for UL-SCH of the PUSCH transmission;

-	 is the number of bits for CSI part 1;

-	 is the number of bits for CSI part 2 assuming rank1;



-	 is the number of CRC bits for CSI part 1;  if is less than or equal to 11 bits. 



-         is the number of CRC bits for CSI part 2 assuming rank 1;  if is less than or equal to 11 bits.

-	 is the number of bits for CSI part 2 calculated with actual rank for CSI feedback;




-	is the number of CRC bits for .  if is less than or equal to 11 bits. 









-	 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for . is an empty set and for DMRS symbol l.  is the total number of OFDM symbols of the PUSCH. REs occupied by PTRS are excluded in set .
Proposal 4: When HARQ-ACK puncture PUSCH, the amount of reserved REs for HARQ-ACK is calculated assuming 2bits HARQ-ACK.
Proposal 5: Locations of the reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs.
UCI on PUSCH in CA 
In the scenario of CA, when there are multiple PUSCHs scheduled on multiple UL CCs, one open issue is that UCI should be piggyback on which CC. In LTE, the solution to this issue is the following
· In case of no aperiodic CSI triggering
· If there is PUSCH on the UL PCC
· UCI is mapped onto the UL PCC
· If there is no PUSCH on the UL PCC
· UCI is mapped onto the UL SCC with the smallest value of carrier index, i.e. SCellIndex-r10
· In case of aperiodic CSI triggering
· UCI is mapped onto the PUSCH on the CC indicated by the UL grant containing the aperiodic CSI trigger
Note: UE is not expected to receive more than one positive aperiodic CSI trigger for a given subframe

There is misalignment between eNB and UE on UCI piggybacked on which CC, due to UL grant misdetection. One potential enhancement we can consider for NR to solve this issue is adding a field in each UL grant to explicitly signal the CC index that UCI is piggybacked on. But the enhancement only works when simultaneous PUCCH and PUSCH is supported. 
Therefore, for Rel-15, LTE solution can be reused for the scenario of UCI piggyback on PUSCH in CA. The following enhancement can be considered for Rel-16, if simultaneous PUCCH and PUSCH is supported.
· eNB side: 
· In each UL grant, add a field explicitly signaling the CC index for UCI to piggyback on. 
· Denote CC x is the CC that UCI is piggybacked on.
· UE side
· If all UL grants missed, nothing will be transmitted on PUSCH. UCI will be transmitted on PUCCH.
· If at least one UL grant is decoded.
· If the UL grant scheduling PUSCH transmission on CC x is not missing, UCI is piggyback on CC x. 
· If the UL grant scheduling PUSCH transmission on CC x is missing
· If simultaneous PUCCH + PUSCH transmission is not configured/enabled
· Reuse LTE solution
· If simultaneous PUCCH + PUSCH transmission is configured/enabled and PUCCH resource(s) is configured on CC x 
· Send UCI on PUCCH on CC x
Proposal 5: In scenario of CA, UCI is piggybacked on a single CC based on the follow rule (same as LTE). 
· In case of no aperiodic CSI triggering
· If there is PUSCH on the UL PCC
· UCI is mapped onto the UL PCC
· If there is no PUSCH on the UL PCC
· UCI is mapped onto the UL SCC with the smallest value of carrier index, i.e. SCellIndex-r10, of the associated PUCCH group
· In case of aperiodic CSI triggering
· UCI is mapped onto the PUSCH on the CC indicated by the UL grant containing the aperiodic CSI trigger
Note: UE is not expected to receive more than one positive aperiodic CSI trigger for a given subframe
UCI on PUSCH when PUCCH partially overlap with PUSCH
In Section 9 of [3], it is specified that “If a UE would transmit a PUCCH that has a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.” In NR, PUCCH and PUSCH can have partial overlap as shown in Figure 2. In case A and B, if PUCCH is piggyback on PUSCH, then UE need to do “look-ahead” for piggyback purpose. This will eat into PUSCH processing timeline. Similarly, in case C, if PUCCH is piggybacked on PUSCH, PUCCH transmission timeline will be impacted. Therefore, without impacting the timeline of either PUSCH or PUCCH transmission, if PUCCH partially overlap with PUSCH, PUCCH should not be piggybacked on PUSCH. Instead, either PUCCH or PUSCH is dropped depends on priority ordering between the UCI type carried by PUCCH and the type of payload of PUSCH. 


[bookmark: _Ref503452774]Figure 2: Partial overlap PUSCH and PUCCH
Proposal 7: When PUCCH partially overlap with PUSCH, drop either PUSCH or PUCCH depends on priority ordering between PUCCH and PUSCH.
· FFS: priority ordering between different UCI type carried on PUCCH and the payload type (e.g. URLLC or eMBB) carried by PUSCH.
CRs
In Section 6.2.7 of 38.212 on “Data and control multiplexing”, the pseudo code has a bug in Step 3. The bug causes that later in step 5, HARQ-ACK modulated symbols are not mapped to reserved REs, in case of HARQ-ACK puncturing PUSCH. The reason is illustrated in detail as below.
· In step 3, after mapping the CSI part 2, the used resource elements are removed from the available resource element list [image: cid:image007.png@01D3858F.47B506E0]
i. In case of HARQ puncturing (HARQ bits ≤2), the CSI part 2 mapping includes the reserved resource elements for HARQ-ACK
ii. Consequently the reserved resource elements for HARQ mapping (puncturing) were removed from the available resource elements list [image: cid:image005.png@01D3858F.47B506E0]
· In step 5, HARQ bits are mapped and supposed to use overrun the reserved resource elements list 
i. The mapping is done using the available resource element list [image: cid:image005.png@01D3858F.47B506E0]
ii. The problem is that the used list is [image: cid:image005.png@01D3858F.47B506E0], which does not include the reserved resources, since these elements were removed from the list after CSI part 2 mapping in step 3.

The fix of the bug is very simple. In step 5, instead of use set [image: cid:image005.png@01D3858F.47B506E0] to do ACK puncturing, run ACK puncturing according to set [image: cid:image020.png@01D38592.E466AD10].



Another CR needed is for clarification of the distributed RE mapping rule in frequency domain defined in Section 6.2.7 of 38.212 on “Data and control multiplexing” is in VRB or PRB domain. Since the motivation of introducing distributed RE mapping is to make sure UCI can explore frequency diversity in physical RB domain, it makes sense do distributed RE mapping in PRB domain. If the UCI mapping is done in VRB domain, after VRB to PRB mapping, the carefully designed equally spaced UCI mapping in distributed fashion will be destroyed. In later release, when PRB allocation of PUSCH could be discontinuous, the defined UCI mapping rule in frequency domain can still be reused, as long as the definition of the set  is the “physical” resource elements, in ascending order of indices , available for transmission of data or UCI in OFDM symbol . The way to do distributed RE mapping for UCI in frequency domain with discontinuous RB allocation can be illustrated as in Figure 3.
In summary, we have the following proposals to correct/clarify spec in Section 6.2.7 of 38.212 on “Data and control multiplexing”.
Proposal 8: In step 5 in the pseudo codes to do “Data and control multiplexing” in Section 6.2.7 of 38.212, ACK puncture REs over set [image: cid:image020.png@01D38592.E466AD10] instead of [image: cid:image005.png@01D3858F.47B506E0].

Proposal 9: Clarify that set  is defined as a set of “physical” resource elements in PRB domain not in VRB domain.


[bookmark: _Ref504230154]Figure 3: UCI RE mapping with discontinuous RB allocation
Conclusions
For UCI piggyback on PUSCH, we have the following proposals.
Proposal 1: When UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS. 



Proposal 2: When piggybacked on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK denoted as , CSI part 1 transmission denoted as , and CSI part 2 transmission denoted as , are determined as follows:










Proposal 3: When piggybacked on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK denoted as , CSI part 1 transmission denoted as , CSI part 2 transmission denoted as , and UL-SCH denoted as are determined as follows:









Proposal 4: When HARQ-ACK puncture PUSCH, the amount of reserved REs for HARQ-ACK is calculated assuming 2bits HARQ-ACK. 
Proposal 5: Locations of the reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs.
Proposal 6: In scenario of CA, UCI is piggybacked on a single CC based on the follow rule (same as LTE). 
· In case of no aperiodic CSI triggering
· If there is PUSCH on the UL PCC
· UCI is mapped onto the UL PCC
· If there is no PUSCH on the UL PCC
· UCI is mapped onto the UL SCC with the smallest value of carrier index, i.e. SCellIndex-r10, of the associated PUCCH group
· In case of aperiodic CSI triggering
· UCI is mapped onto the PUSCH on the CC indicated by the UL grant containing the aperiodic CSI trigger
Note: UE is not expected to receive more than one positive aperiodic CSI trigger for a given subframe

Proposal 7: When PUCCH partially overlap with PUSCH, drop either PUSCH or PUCCH depends on priority ordering between PUCCH and PUSCH.
· FFS: priority ordering between different UCI type carried on PUCCH and the payload type (e.g. URLLC or eMBB) carried by PUSCH.

Proposal 8: In step 5 in the pseudo codes to do “Data and control multiplexing” in Section 6.2.7 of 38.212, ACK puncture REs over set [image: cid:image020.png@01D38592.E466AD10] instead of [image: cid:image005.png@01D3858F.47B506E0].

Proposal 9: Clarify that set  is defined as a set of “physical” resource elements in PRB domain not in VRB domain.
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Starting position of DMRS is:
- OFDM symbol 2 for system bandwidth > X
- OFDM symbol 3 for system BW < X X is TBD. 
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Starting position of DMRS is:
- OFDM symbol 2 for system bandwidth > X
- OFDM symbol 3 for system BW < X X is TBD. 


0


1


2


3


4


5


6


7


8


9


10


11


12


13


+


+


+


+


+


+


+


+


+


+


+


+


Config type 2: 1 OFDM symbol


0


1


2


3


4


5


6


7


8


9


10


11


0


1


2


3


4


5


6


7


8


9


10


11


12


13


+


-


+


-


+


-


+


-


+


-


+


-


0


1


2


3


4


5


6


7


8


9


10


11


Port 0


Port 2


Port 4


Port 1


0


1


2


3


4


5


6


7


8


9


10


11


12


13


+


+


+


+


+


+


+


+


+


+


+


+


Config type 2: 2 OFDM symbols


0


1


2


3


4


5


6


7


8


9


10


11


0


1


2


3


4


5


6


7


8


9


10


11


12


13


+


-


+


-


+


-


+


-


+


-


+


-


0


1


2


3


4


5


6


7


8


9


10


11


Port 0


Port 2


Port 4


Port 1


+


+


+


+


+


+


+


+


+


+


+


+


+


-


+


-


+


-


+


-


+


-


+


-


0


1


2


3


4


5


6


7


8


9


10


11


12


13


+


+


+


+


+


+


+


+


+


+


+


+


0


1


2


3


4


5


6


7


8


9


10


11


0


1


2


3


4


5


6


7


8


9


10


11


12


+


-


+


-


+


-


+


-


+


-


+


-


0


1


2


3


4


5


6


7


8


9


10


11


-


-


-


-


-


-


-


-


-


-


-


-


-


+


-


+


-


+


-


+


-


+


-


+


Port 3


Port 5


Port 6


Port 8


Group 2.0


Group 2.1


Group 2.2


Port 10


Port 7


Port 9


Port 11


13


Group 1.1


Port 3


Port 5


Group 1.0


Group 1.2



oleObject94.bin

oleObject95.bin

oleObject96.bin

oleObject97.bin

oleObject98.bin

oleObject99.bin

oleObject100.bin

oleObject101.bin

oleObject102.bin

oleObject103.bin

image3.wmf
}

,

min{

PUSCH

symb

PUSCH

sc

CSI

PUSCH

offset

PUSCH

symb

PUSCH

sc

N

M

O

N

M

O

Q

×

ú

ú

ú

ù

ê

ê

ê

é

×

×

×

=

¢

b


oleObject104.bin

oleObject105.bin

oleObject106.bin

oleObject107.bin

oleObject108.bin

oleObject109.bin

oleObject110.bin

oleObject111.bin

oleObject112.bin

oleObject113.bin

oleObject3.bin

oleObject114.bin

oleObject115.bin

image46.emf
PUCCH

PUSCH

Case A

PUCCH

PUSCH

Case B

PUCCH

PUSCH

Case C


oleObject116.bin
PUCCH


PUSCH


Case A


PUCCH


PUSCH


Case B


PUCCH


PUSCH


Case C



image47.png
D, =0,\\®,(j-d)




image48.png




image49.png




image4.wmf
O


image50.wmf
l

F


oleObject117.bin

image51.wmf
k


oleObject118.bin

oleObject119.bin

oleObject120.bin

image52.emf
PUSCH RBs

Mapped UCI REs

Move RBs 

adjacent to 

each other 

by remove 

the gap

Move RBs 

back to 

original 

physical 

location

Physical 

domain

Physical 

domain


oleObject121.bin

oleObject122.bin

oleObject123.bin

oleObject4.bin

oleObject124.bin

oleObject125.bin

oleObject126.bin

oleObject127.bin

oleObject128.bin

oleObject129.bin

oleObject130.bin

oleObject131.bin

oleObject132.bin

oleObject133.bin

image5.wmf
CSI

O


oleObject134.bin

oleObject135.bin

oleObject136.bin

oleObject5.bin

image6.wmf
1

part

CSI

offset

ACK

HARQ

offset

PUSCH

offset

-

-

=

b

b

b


oleObject6.bin

image7.wmf
PUSCH

sc

M


oleObject7.bin

image8.wmf
PUSCH

symb

N


oleObject8.bin

oleObject9.bin

image9.wmf
ACK

Q

¢


oleObject10.bin

image10.wmf
part1

-

CSI

Q

¢


oleObject11.bin

image11.wmf
CSI-part2

Q

¢


oleObject12.bin

image12.wmf
(

)

(

)

(

)

(

)

(

)

PUSCH

symb,all

UCI

1

HARQACK

ACKoffsetsc

0

ACK

HARQACK12

ACKoffsetCSI-part11offsetCSI-part2-rank1

21offset

N

ACK

l

CSIpartCSIpart

ACKCSIpartCSIpartrank

OLMl

Q

OLOLOL

b

bbb

-

-F

=

---

---

éù

+××

êú

êú

¢

=

êú

+×++++

êú

êú

êú

å


oleObject13.bin

image13.wmf
(

)

(

)

(

)

(

)

(

)

PUSCH

symb,all

UCI

1

1

CSI-part11offsetsc

0

CSI-part1

HARQACK12

ACKoffsetCSI-part11offsetCSI-part2-rank1

21offset

N

CSIpart

CSIpart

l

CSIpartCSIpart

ACKCSIpartCSIpartrank

OLMl

Q

OLOLOL

b

bbb

-

-F

-

=

---

---

éù

+×

ê

ê

¢

=

ê

+×++++

ê

ê

êú

å

ú

ú

ú

ú

ú


oleObject14.bin

image14.wmf
(

)

PUSCH

symb,all

UCI

1

CSI-part2scACKCSI-part1

0

'

N

l

QMlQQ

-

F

=

æö

¢¢

=ç÷--

ç÷

èø

å


oleObject15.bin

image15.wmf
ACK

O


oleObject16.bin

image16.wmf
ACK

L


oleObject17.bin

image17.wmf
0

ACK

L

=


oleObject18.bin

oleObject19.bin

image18.wmf
CSI-part1

O


oleObject20.bin

image19.wmf
CSI-part2-rank1

O


oleObject21.bin

image20.wmf
1

CSIpart

L

-


oleObject22.bin

image21.wmf
1

0

CSIpart

L

-

=


oleObject23.bin

oleObject24.bin

image22.wmf
21

CSIpartrank

L

--


oleObject25.bin

oleObject26.bin

oleObject27.bin

image23.wmf
(

)

UCI

sc

UCI

l

l

M

F

=

F


oleObject28.bin

image24.wmf
UCI

l

F


oleObject29.bin

image25.wmf
UCI

l

F


oleObject30.bin

image26.wmf
l


oleObject31.bin

image27.wmf
1

...,

 

,

2

 

,

1

 

,

0

PUSCH

all

symb,

-

=

N

l


oleObject32.bin

image28.wmf
UCI

l

F


oleObject33.bin

image29.wmf
(

)

UCI

UCI

sc

0

l

Ml

F

=F=


oleObject34.bin

image30.wmf
PUSCH

all

symb,

N


oleObject35.bin

oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

image31.wmf
(

)

(

)

ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

ú

ú

ú

ú

ú

ù

ê

ê

ê

ê

ê

é

×

×

×

+

=

¢

å

å

-

=

F

-

=

-

1

0

sc

1

0

PUSCH

offset

PUSCH

symb

PUSCH

sc

ACK

ACK

PUSCH

all

symb,

UCI

SCH

UL

,

min

N

l

C

r

r

l

M

K

N

M

L

O

Q

b


oleObject43.bin

oleObject44.bin

oleObject45.bin

oleObject46.bin

image32.wmf
ULSCH

Q

-

¢


oleObject47.bin

image33.wmf
(

)

(

)

(

)

(

)

(

)

PUSCH

symb,all

UCI

ULSCH

1

HARQACK

ACKoffsetsc

0

ACK

1

HARQACK12

ACKoffsetCSI-part11offsetCSI-part2-rank1

21offset

0

N

ACK

l

C

CSIpartCSIpart

ACKCSIpartCSIpartrankr

r

OLMl

Q

OLOLOLK

b

bbb

-

-

-F

=

-

---

---

=

æö

+××ç÷

ç÷

èø

¢

=

æ

+×+++++

ç

è

å

å

éù

êú

êú

êú

ö

êú

÷

êú

ø

êú

êú


oleObject48.bin

image34.wmf
(

)

(

)

(

)

(

)

(

)

PUSCH

symb,all

UCI

1

1

CSI-part11offsetsc

0

CSI-part1

HARQACK12

ACKoffsetCSI-part11offsetCSI-part2-rank1

21offset

N

CSIpart

CSIpart

l

CSIpartCSIpart

ACKCSIpartCSIpartrankr

OLMl

Q

OLOLOLK

b

bbb

-

-F

-

=

---

---

æö

+ç÷

ç÷

èø

¢

=

++++++

å

ULSCH

1

0

C

r

-

-

=

éù

êú

êú

êú

æö

êú

ç÷

êú

èø

êú

êú

å


oleObject49.bin

image35.wmf
(

)

(

)

(

)

(

)

(

)

PUSCH

symb,all

UCI

1

2

CSI-part22offsetsc

0

HARQACK12

ACKoffsetCSI-part11offsetCSI-part2-rank1

21offset

CSI-part2

min

N

CSIpart

CSIpart

l

CSIpartCSIpart

ACKCSIpartCSIpartrank

OLMl

OLOLOL

Q

b

bbb

-

-F

-

=

---

---

æö

+ç÷

ç÷

èø

+++++

¢

=

å

(

)

(

)

(

)

ULSCH

PUSCH

symb,all

UCI

ULSCH

1

0

1

CSI-part22

scACKCSI-part1

1

0

2

CSI-part22offset

0

,'

C

r

r

N

CSIpart

C

l

CSIpart

CSIpartr

r

K

OL

MlQQ

OLK

b

-

-

-

=

-

-

F

-

=

-

-

=

ìü

éù

ïï

êú

ïï

êú

ï

êú

æö

ï

êú

+

ç÷

ï

êú

èø

íý

êú

êú

ï

ìü

ï

æö

+

ïï

¢

ç÷--

ï

íý

ç÷

æö

ï

ïï

èø

îþ

++

ç÷

ï

èø

î

å

å

å

ï

ï

ï

ï

ï

ï

ï

ï

þ


oleObject50.bin

image36.wmf
(

)

PUSCH

symb,all

UCI

1

UL-SCHscACKCSI-part1CSI-part2

0

'

N

l

QMlQQQ

-

F

=

æö

¢¢¢

=ç÷---

ç÷

èø

å


oleObject51.bin

oleObject52.bin

