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1	Introduction
In the previous meeting, UL control channel combination transmission were discussed and some agreements were achieved
· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 2
· The HARQ-ACK/SR and CSI bits are jointly encoded.
· The number of CSI bits from the CSI report that can be appended to the HARQ-ACK/SR bits is determined such that the UCI bits appended by CRC are encoded with a code rate that does not exceed the maximum configured code rate for PUCCH Format 2. 
· If the coding rate exceeds the maximum configured code rate for PUCCH Format 2, the UE drops the CSI bits using the same priority rules for CSI omission as for CSI on PUSCH.
· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 3 or 4
· The HARQ-ACK/SR and CSI Part 1 bits are jointly encoded. CSI Part 2 bits are separately encoded.
· The HARQ-ACK/SR and Part I of CSI reports are jointly encoded with the configured maximum code rate of the PUCCH Format 3 or 4.
· The remaining resources (if any) in the configured PRB are used for encoding of the CSI Part 2 report. Some or all of the CSI Part 2 bits can be dropped using the same priority rules for CSI omission as for CSI on PUSCH.
In NR, multiplexing PUCCH/PUSCH with the different durations is supported. The simultaneous transmissions of multiple UL channel from a UE side seem more complicated. This document discusses the UL channel combination transmission with the different durations. 
2. The collision handling of UL channel with different durations
In order to simplify the UL channel combination rules, some high-level principles for dropping some UCI need to be discussed first. 
· Short vs. long PUCCH/PUSCH
· In NR, PUCCHs/PUSCHs with the different duration corresponding to the different service are supported. When a long PUSCH/PUCCH is scheduled, a short PUCCH/PUSCH can occur, which has the higher priority and latency requirement. 
· Moreover, long PUCCHs/PUSCHs also can collide with a periodic short PUCCH carrying CSI or SP-CSI report. These cases lead to a many collision cases between PUCCHs and PUSCHs transmission. Generally, FDMed PUCCH and PUSCH multiplexing can bring about PAPR problem. Short PUCCH and short PUSCH transmission with 2/4/7 symbols have the stringent latency requirement and the higher priority, especially for URLLC services. Therefore, some collision handling schemes should be designed. 
· CSI priority
· CSI type priority rules need to be considered, e.g., A-CSI> SP-CSI>P-CSI regardless of transmission duration
· For same CSI type, short transmission duration > long transmission duration
· HARQ-ACK/SR priority rules
· HARQ-ACK/SR on short PUCCH /PUSCH> HARQ-ACK on long PUCCH / PUSCH
· HARQ-ACK/SR vs. any CSI 
· HARQ-ACK/SR always takes higher priority than any CSI
· HARQ-ACK bundling
· Furthermore, we consider to support partial UCI dropping scheme. If some of the UCI bits (not the entire UCI) need to be dropped in the UCI multiplexing case, e.g., due to limited payload, we consider to support HARQ-ACK bundling, which is very similar to LTE scheme.
· Alignment of short and long PUCCH/PUSCH
· The same starting symbols between short PUCCH/PUSCH and long PUCCH/PUSCH
· If the latency or processing time is allowed, UCI on long PUCCH/PUSCH can be combined and transmitted on short PUCCH/PUSCH, and vice versa. This can decrease the impact on both transmissions. Otherwise, UCI on long PUCCH/PUSCH can be dropped.
· The different starting symbols between short PUCCH/PUSCH and long PUCCH/PUSCH
· When long PUCCH/PUSCH starts transmission, a short PUCCH/PUSCH occurs. Since it do not allowed to combine two kind of UCI on long PUCCH/PUSCH, the dropping or puncture operation can be considered. If puncture operation is applied, it is a question whether or not the remaining symbols of a long PUCCH can be transmitted. In the case of no serious power imbalance problem, the remaining symbols can be transmitted. Otherwise, the remaining symbols should be dropped. Furthermore, to combine two kind of UCI on short PUCCH/PUSCH can be allowed. It can improve the performance of UCI on long PUCCH due to the puncture of the collided symbols or the dropping of the remaining symbols of long PUCCH/PUSCH.

Proposal 1: The high-level principles for UCI combination are as follows,
· CSI priority
· CSI type priority rules need to be considered, e.g., A-CSI> SP-CSI>P-CSI regardless of transmission duration
· For same CSI type, short transmission duration > long transmission duration
· HARQ-ACK/SR priority rules
· HARQ-ACK/SR on short PUCCH /PUSCH> HARQ-ACK on long PUCCH / PUSCH
· HARQ-ACK/SR vs. any CSI 
· HARQ-ACK/SR always takes higher priority than any CSI
· HARQ-ACK bundling
· If some of the UCI bits (not the entire UCI) need to be dropped in the UCI multiplexing case, e.g., due to limited payload, HARQ-ACK bundling can be considered.
· The exact UE behavior in case of aligned/misaligned short and long PUCCH/PUSCH transmission duration is FFS

For discussion of the exact UE behavior, a list of different use cases are elaborated as follows,

· Case 1a: the collision of short PUCCH with HARQ-ACK (S-ACK) and long PUCCH with HARQ-ACK (L-ACK)
· The same starting symbol
· Opt.1: L-ACK transmitted on short PUCCH resource
HARQ-ACK is important for DL performance. Don’t drop any HARQ-ACK bits should be considered. If the sufficient S-PUCCH resource is available, both L-ACK and S-ACK can be multiplexed on short PUCCH resource. In our view, multiplexing S-ACK on L-PUCCH is not preferred because of the latency requirement of service. When payload size is beyond the maximum code-rate requirement, feedback reduction method can be considered, for example, bundled HARQ-ACK bits.
· Opt.2:puncture long PUCCH
In the case of no sufficient S-PUCCH resource, only S-ACK should be transmitted and long PUCCH is punctured. 
· The different starting symbol
·  Opt.1: short PUCCH puncture the colliding symbol of long PUCCH. The remaining symbols of long PUCCH are dropped. Considering the performance of HARQ-ACK bits, L-ACK also can be multiplexed on short PUCCH. The details can be FFS.
· Case 1b: the collision of short PUCCH with periodic CSI /SP-CSI (S-CSI) and long PUCCH with periodic CSI /SP-CSI (L- CSI)
For S-CSI, latency can be not urgent, S-CSI transmitted on long PUCCH can also be considered in the case of the sufficient process time.  
· The same starting symbol
· Opt. 1: S-CSI and L-CSI are transmitted on short PUCCH. If payload size exceeds the maximum code-rate, the partial S-CSI or L-CSI can be dropped based on priority principle.
· Opt. 2: S-CSI and L-CSI are transmitted on long PUCCH. If payload size exceeds the maximum code-rate, the partial S-CSI or L-CSI can be dropped based on priority principle.
· Opt.3: puncture long PUCCH
· The different starting symbol
· Opt. 1: short PUCCH puncture the colliding symbol of long PUCCH. The remaining symbols of long PUCCH are dropped.
· Opt. 2:drop whole long PUCCH
· case 1c: the collision of short PUCCH with periodic CSI /SP-CSI (S-CSI) and long PUCCH with HARQ-ACK(L-ACK)
For this case, the PUCCH format supporting the different payload size should be considered. 
· The same starting symbol
· for ACK<=2bits, 
· Opt1:If PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, resources for CSI(PUCCH format 2) can be used for combination transmission.
· Opt2:drop S-CSI
· if ACK>2bits, 
· Opt1:On L-PUCCH
· Opt. 1a: CSI is transmitted on L-PUCCH，
For the potential combination of HARQ-Ack and CSI, the payload size reduction can be considered. For example, in the case of enough resource carrying the bundled L-Ack and S-CSI, CSI and HARQ-Ack can be transmitted together. Otherwise,  dropping partial or all CSI also can be considered
· Opt.1b: drop CSI
· The different starting symbol
· drop CSI
For the collision of short PUCCH/PUSCH and long PUCCH/PUSCH, the priority should be considered. In our view, A-CSI>SP-CSI(P-CSI). For priority between SP-CSI and P-CSI, it is still open and bases on discussion of MIMO section.
· Case2a：the collision of short PUCCH with HARQ-ACK (S-ACK) and long PUSCH (L-PUSCH)
· For both the same or different starting symbol
· Opt.1: S- ACK puncture the symbols/REs of  L-PUSCH
For the different condition, the different operation can be considered. When the additional DMRS is configured, the DMRS symbol position can be used for the potential S- ACK transmission. When L-PUSCH DMRS with comb structure is used, S-ACK can be multiplexed on DMRS symbols of L-PUSCH. Compared to the dropping of all L-PUSCH, the less impact on both S- ACK and L-PUSCH transmission is observed. PAPR deterioration is also marginal. This method is efficient for CP-OFDM waveform. When collision with data symbols of L- PUSCH, S-PUCCH can puncture the colliding symbols of L-PUSCH. 
· Opt.2:drop L-PUSCH
The dropping of L-PUSCH is a simple manner. This method can lead to the frequent dropping of L-PUSCH due to the transmission of S-PUCCH. L-PUSCH performance would be decreased. 
· Case2b：the collision of periodic CSI/SP-CSI on short PUCCH and long PUSCH 
This case is similar to case 2a and the following options is listed.  
· The same starting symbol
· Opt.1: periodic CSI is piggybacked on long PUSCH, if the processing time is sufficient. 
· Opt.2: puncture the colliding symbols of long PUSCH
· Opt.3:drop whole long PUSCH
· The different starting symbol
· Opt.1: puncture the colliding symbols of long PUSCH
· Opt.2:drop long PUSCH
 The handling of other cases can be seen in annex 2. 
Proposal 2: Table 1-4 in Annex 2 are proposed to be the starting point for further discussion of UL channel combinations with different durations.
3. UCI mapping 
3.1 Determination of the reserved RE and actual used HARQ-ACK resource
For HARQ-ACK transmitted on PUSCH, it is agreed that some REs are reserved if HARQ-ACK is no more than 2bits. HARQ-ACK can be only mapped in the reserved REs while CSI part 1 cannot be mapped in the reserved REs. However, it has not been discussed how to reserve the REs, including the following aspects:
1) Determination of the amount of REs 
2) T-F location of the reserved REs
3) Determination of the actual used reserved Res for HARQ-ACK transmission
Determination of the amount of REs
Regarding the amount of reserved REs, two folds should be considered, that is:
1) The amount of reserved REs should be enough to transmit HARQ-ACK whatever it is 1/2bits and the value of betaOffset configured/signalled to determine the resource when HARQ-ACK is transmitted actually.
2) The amount of reserved REs should not be too much to influence the transmission of CSI part 1, especially in the case of PUSCH with few OFDM symbols or narrow transmission bandwidth.
Therefore, we propose to have the followings in order to satisfy the aforementioned principle,
Proposal 3: considering down-selection from the following alternatives for the number of reserved REs 
· Alt 1: the number of reserved REs are dynamically scaled based on the configured value of betaOffsetACK-Index1 or the value set of betaOffsetACK-Index1. A predetermined number of reserved REs is specified or configured according to re reference betaOffsetACK-Index1.
· Alt 2: a fixed number of reserved REs
· Alt 3: network configures different number of reserved REs to different modulation order, e.g., Pi/2 BPSK or QPSK, the actual reserved number of REs is according to modulation order.
· Alt 4: always one symbol
Time-frequency location for HARQ-ACK reserved REs
In current specification, the time-frequency location for HARQ-ACK reserved REs is not specified. Distributed mapping of reserved REs into frequency domain is preferred for better frequency diversity gain. Similar to the afore mentioned UCI mapping rules, the time-frequency location can be determined as follows.
Proposal 4: the time-frequency location of HARQ-ACK reserved REs are determined as follows
· On i-th OFDM symbol, Reserved REs are mapped to:
· the REs from 0th to N_avaliable_RE –1, if the number of unmapped reserved REs at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.
· the REs in the set {jk, k = 0,1,2,…N_unmapped_RE –1}, where  jk  = floor(the number of available REs on i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i * k) 
· where i starts from the index of the first available non-DMRS symbol after the first DMRS symbol(s)
Determination of actual used HARQ-ACK REs 
From UE side, the number of actual transmitted HARQ-ACK bits may be less than the reserved bits. Within the reserved resource, the REs for actual HARQ-ACK transmission is not specified. A simple rule is to pick up actual used REs from the reserved REs with uniformly-spaced, in such approach the diversity gain can be achieved.
Proposal 5: The actual used HARQ-ACK REs is selected from the qk reserved REs, where {qk, k = 0,1,2,…N_actual_RE –1}, and qk=floor(the number of reserved REs/ the number of actual used REs * k)
3.2 Missing part for CSI part 1 and part 2 REs for UCI on PUSCH without UL-SCH 
Regarding the amount of resources used for different types UCI transmitted on PUSCH, some agreements and working assumptions were achieved at RAN1 #91 meeting, and are captured in 38.212 specification. However, it is remaining issues about part 1 and part 2 CSI mapping formula on PUSCH without UL-SCH case. If CSI report consists of two parts, i.e., CSI part 1 and CSI part 2 and CSI part 2 is transmitted on PUSCH,


The amout of the resouurce for CSI part 2 then can be easily derived by excluding CSI part 1 and HARQ-ACK. The TP is attched in Annex 2. 
Proposal 6: Missing part for CSI part 1 and part 2 REs for UCI on PUSCH without UL-SCH should be added. TP in Annex 2 is proposed. 
3.3 Remaining issues about CSI part 2 on PUSCH
Regarding CSI part 2 transmitted on PUSCH  the following, some agreements and working assumptions were achieved at RAN1 #91 meeting. For the amount of resources used for CSI part 2 transmitted on PUSCH with UL-SCH, it is for further study whether any additional modification of the formula for CSI part 2 transmitted on PUSCH with UL-SCH in the case HARQ-ACK puncture CSI-part 2 is need. What’s more, it is FFS how to map CSI part 2. In our view, if CSI part 2 transmitted on PUSCH is punctured by HARQ-ACK, it will degrade the performance of CSI part 2 reception, which is not what we expected. Considering priorities between CSI part 2 and UL-SCH, we think that when CSI-part 2 is transmitted on PUSCH with UL-SCH, CSI part 2 should be mapped after CSI part 1 to minimize the impact of puncturing to CSI part 2, that is CSI part 2 can not be mapped to the reserved REs. When CSI-part 2 is transmitted on PUSCH without UL-SCH, CSI part 2 can be mapped to the reserved Res to use as many resources as possible.
Proposal 7: For CSI part 2 transmitted on PUSCH,
· When CSI-part 2 is transmitted on PUSCH with UL-SCH, CSI-part 2 can not be mapped to the reserved REs;
· When CSI-part 2 is transmitted on PUSCH without UL-SCH, CSI-part 2 can be mapped to the reserved REs;
3.4 UCI mapping in frequency domain 
In the previous meeting, UCI multiplexing were discussed and working assumption were achieved 
Working assumption:
· UCI mapping in frequency domain follows the rules below:
· Given a UCI type, on i-th OFDM symbol, modulated UCI symbols are mapped to REs in a distributed manner with distance d determined as following:
· d =1, if the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.
· d = floor(number available REs on i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i) 
When the number of the available REs on i-th OFDM symbol is more than the number of unmapped modulated, the computation of d is floor(number available REs on i-th OFDM symbol/the number of unmapped modulated symbols). The floor operation takes a consecutive UCI mapping, so long as, as shown in Table 0-1. In this case, 7 symbols are mapped for UCI in this OFDM symbols. Frequency diversity is not achieved in this case. Actually, this is not a distributed manner. A refined method is multiple d values to be set. The d1 = ceil(number available REs on i-th OFDM symbol/the number of unmapped modulated symbols), and the d is descending manner, e.g. dn= dn-1-1 until all modulated symbols are mapped. The table 0-2 gives a distributed example. In this case, the different d values are used, for instance, d1= 2 and d2=1. 
	Table 0-1 current working assumption
The allocated RE | The mapped RE
[image: ]
	Table 0-2 distributed mapping
The allocated RE | The mapped RE
[image: ]



Proposal 8: Considering the distributed manner, the different d values are supported for UCI mapping. d1 = ceil(number available REs on i-th OFDM symbol/the number of unmapped modulated symbols) and dn= dn-1-1.
4	Conclusion
In this document, we discuss the UL channel combinations with the different durations and other remaining UCI multiplexing issues. The following proposals are proposed.
Proposal 1: The high-level principles for UCI combination are as follows,
· CSI priority
· CSI type priority rules need to be considered, e.g., A-CSI> SP-CSI>P-CSI regardless of transmission duration
· For same CSI type, short transmission duration > long transmission duration
· HARQ-ACK/SR priority rules
· HARQ-ACK/SR on short PUCCH /PUSCH> HARQ-ACK on long PUCCH / PUSCH
· HARQ-ACK/SR vs. any CSI 
· HARQ-ACK/SR always takes higher priority than any CSI
· HARQ-ACK bundling
· If some of the UCI bits (not the entire UCI) need to be dropped in the UCI multiplexing case, e.g., due to limited payload, HARQ-ACK bundling can be considered.
· The exact UE behavior in case of aligned/misaligned short and long PUCCH/PUSCH transmission duration is FFS
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Proposal 2: Table 1-4 in Annex 2 are proposed to be the starting point for further discussion of UL channel combinations with different durations.
Proposal 3: considering down-selection from the following alternatives for the number of reserved REs 
· Alt 1: the number of reserved REs are dynamically scaled based on the configured value of betaOffsetACK-Index1 or the value set of betaOffsetACK-Index1. A predetermined number of reserved REs is specified or configured according to re reference betaOffsetACK-Index1.
· Alt 2: a fixed number of reserved REs
· Alt 3: network configures different number of reserved REs to different modulation order, e.g., Pi/2 BPSK or QPSK, the actual reserved number of REs is according to modulation order.
· Alt 4: always one symbol
Proposal 4: the time-frequency location of HARQ-ACK reserved REs are determined as follows
· On i-th OFDM symbol, Reserved REs are mapped to:
· the REs from 0th to N_avaliable_RE –1, if the number of unmapped reserved REs at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.
· the REs in the set {jk, k = 0,1,2,…N_unmapped_RE –1}, where  jk  = floor(the number of available REs on i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i * k) 
· where i starts from the index of the first available non-DMRS symbol after the first DMRS symbol(s)
Proposal 5: The actual used HARQ-ACK REs is selected from the qk reserved REs, where {qk, k = 0,1,2,…N_actual_RE –1}, and qk=floor(the number of reserved REs/ the number of actual used REs * k)
Proposal 6: Missing part for CSI part 1 and part 2 REs for UCI on PUSCH without UL-SCHshould be added. TP in Annex 2 is proposed. 
Proposal 7: For CSI part 2 transmitted on PUSCH,
· When CSI-part 2 is transmitted on PUSCH with UL-SCH, CSI-part 2 can not be mapped to the reserved REs;
· When CSI-part 2 is transmitted on PUSCH without UL-SCH, CSI-part 2 can be mapped to the reserved REs;
Proposal 8: Considering the distributed manner, the different d values are supported for UCI mapping. d1 = ceil(number available REs on i-th OFDM symbol/the number of unmapped modulated symbols) and dn= dn-1-1. 
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Annex 1. Text Proposal for 38.212 V2.0.0 section 6.3.2.4.1.2
------------------------------Start Text Proposal---------------------------------
[bookmark: _Toc500953320]6.3.2.4.1.2	CSI part 1
……

For CSI part 1 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI part 1 transmission, denoted as , is determined as follows:
· If CSI report consists of two parts, i.e., CSI part 1 and CSI part 2 and CSI part 2 is transmitted on PUSCH,


Where
· 
 is the number of bits for CSI part 1;
· 
 is the number of CRC bits;
· 
 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
· 
 is the number of OFDM symbols of the PUSCH transmission, excluding all OFDM symbols used for DMRS;
· 

· 






 is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits, where  is the set of reserved resource elements for potential HARQ-ACK transmission in OFDM symbol , for  and  is the number of elements in ;
· 





 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for , and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.

· If only CSI part 1 is transmitted on PUSCH,


· 






 is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits, where  is the set of reserved resource elements for potential HARQ-ACK transmission in OFDM symbol , for  and  is the number of elements in ;
· 





 is the number of elements in set , where  is the set of resource elements available for transmission of UCI in OFDM symbol , for , and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.


For CSI part 2 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI part 2 transmission, denoted as, is determined as follows:


Where
· 

 is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits;
· 
 is the number of coded modulation symbols per layer for CSI part 1 transmitted on the PUSCH
------------------------------End Text Proposal---------------------------------
Annex 2. UL channel combination with different durations
Table 1 Short PUCCH and Long PUCCH transmission
	Config #
	S-CSI 
	S-ACK(sr)
	L-CSI
	L-ACK（sr）
	Non-CA

	
	
	
	
	
	Proposal

	1
	x
	
	
	
	PUCCH format 2 with CSI 

	2
	
	x
	
	
	PUCCH format 0 for up to 2 bits and PUCCH format 2 for more than 2 bits

	3
	
	
	x
	
	PUCCH format 3 with no multiplexing or PUCCH format 4 with multiplexing capacity.

	4
	
	
	
	x
	PUCCH format 1/3/4 with the different number of Ack/NAck bits

	[bookmark: _Hlk501355723]5
	x
	x
	
	
	· If ACK<=2bits, 
· Opt1:resources intended for CSI(PUCCH format 2) 
· If PUCCH-F0-simultaneous-HARQ-ACK-CSI is supported and it is enabled
· Jointly encoding of ACK and CSI
· Opt2:drop CSI
· if ACK>2bits, 
· Opt1:If PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, 
· resources with a larger number of configured PRBs 
· Opt2:drop CSI


	6
	x
	
	x
	
	· The same starting symbol
· Opt. 1: S-CSI and L-CSI are transmitted on short PUCCH. If payload size exceeds the maximum code-rate, the partial S-CSI or L-CSI can be dropped based on priority principle.
· Opt. 2: S-CSI and L-CSI are transmitted on long PUCCH. If payload size exceeds the maximum code-rate, the partial S-CSI or L-CSI can be dropped based on priority principle.
· Opt.3: puncture long PUCCH
· The different starting symbol
· Opt. 1: short PUCCH puncture the colliding symbol of long PUCCH. The remaining symbols of long PUCCH are dropped.
· Opt. 2:drop whole long PUCCH


	7
	x
	
	
	x
	· The same starting symbol
· for ACK<=2bits, 
· Opt1:If PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, resources for CSI(PUCCH format 2) can be used for combination transmission.
· Opt2:drop S-CSI
· if ACK>2bits, 
· Opt1:On L-PUCCH
· Opt. 1a: CSI is transmitted on L-PUCCH，
· Opt.1b: drop CSI
· The different starting symbol
· drop CSI

	8
	 
	x
	x
	
	· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]The same starting symbol
· If ACK<=2bits, 
· Alt 1:puncture the colliding symbols of long PUCCH
· If ACK>2bits, 
· Alt2:piggybacked partial or all CSI on S-PUCCH，
· Alt2a：bundled HARQ-Ack and partial (or all)CSI on S-PUCCH 
· The different starting symbol
· Alt 1:puncture the colliding symbols of long PUCCH


	9
	
	x
	
	x
	· The same starting symbol
· Opt.1: L-ACK transmitted on short PUCCH resource
· Opt.2:puncture long PUCCH
· The different starting symbol
·  Opt.1: short PUCCH puncture the colliding symbol of long PUCCH. The remaining symbols of long PUCCH are dropped.

	10
	
	
	x
	x
	Ack+CSI on PUCCH

	11
	x
	x
	x
	
	Similar to 8

	12
	x
	x
	
	x
	Similar to 9

	13
	
	x
	x
	x
	Similar to 9

	14
	x
	
	x
	x
	Similar to 7

	15
	x
	x
	x
	x
	Similar to 9

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	




Table 2 Short PUCCH and Long PUSCH transmission
	Config #
	S-CSI 
	S-ACK(sr)
	L-data
	L-ACK 
	L-CSI 
	Non-CA

	
	
	
	
	
	
	Proposal

	1
	x
	
	
	
	
	PUCCH format 2 with CSI 

	2
	
	x
	
	
	
	PUCCH format 0 for up to 2 bits, and PUCCH format 2 for more than 2 bits

	3
	
	
	x
	
	
	Long PUSCH with data

	4
	
	
	
	x
	
	-not valid

	5
	
	
	
	
	x
	Only for CSI on PUSCH without data.

	6
	x
	x
	
	
	
	· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 2
· The HARQ-ACK/SR and CSI bits are jointly encoded.
· The number of CSI bits from the CSI report that can be appended to the HARQ-ACK/SR bits is determined such that the UCI bits appended by CRC are encoded with a code rate that does not exceed the maximum configured code rate for PUCCH Format 2. 
· If the coding rate exceeds the maximum configured code rate for PUCCH Format 2, the UE drops the CSI bits using the same priority rules for CSI omission as for CSI on PUSCH.


	7
	x
	
	x
	
	
	· The same starting symbol
· Opt.1: S- CSI is piggybacked on long PUSCH, if the processing time is sufficient. 
· Opt.2: puncture the colliding symbols of long PUSCH
· Opt.3:drop long PUSCH
· The different starting symbol
· Opt.1:  puncture the colliding symbols of long PUSCH
· Opt.2:drop long PUSCH

	8
	x
	
	
	x
	
	· not valid.  

	9
	x
	
	
	
	x
	· same starting symbol
· Opt 1:multiplexing S-CSI and L-CSI on S-PUCCH 
· Opt2: multiplexing S-CSI and L-CSI on L-PUSCH 
· Opt 3:drop the channel with CSI based on the defined priority
· different starting symbol
· Opt1: puncture the colliding symbols of long PUSCH or drop long PUSCH based on the defined priority. 
· Opt2: drop S-CSI based on the defined priority.



	10
	
	x
	x
	
	
	Opt 1:puncture symbols of  L- PUSCH or drop L- PUSCH

	11
	
	x
	
	x
	
	· Not valid  

	12

	
	x
	
	
	x
	· same starting symbol
Opt.1:multiplexing S-ACK and L-CSI on S-PUCCH 
Opt.2:drop L-CSI 
· different starting symbol
Opt 1: puncture the colliding symbols of long  PUSCH or drop L-CSI

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	13
	
	
	x
	x
	
	Ack piggybacked on long PUSCH 

	14
	
	
	x
	
	x
	CSI piggybacked on long PUSCH

	15
	
	
	
	x
	x
	- Not valid  

	16
	x
	x
	x
	
	
	Similar to 10

	17
	x
	x
	
	x
	
	-Not valid

	18
	x
	x
	
	
	x
	Similar to 12

	19
	x
	
	x
	x
	
	
· The same starting symbol
· Opt.1: S-CSI is piggybacked on long PUSCH, if the processing time is sufficient. 
· Opt.2:drop S-CSI
· The different starting symbol
· Opt.1: drop S-CSI

	20
	x
	
	x
	
	x
	Similar to 9      

	21
	x
	
	
	x
	x
	-Not valid  

	22
	
	x
	x
	x
	
	Similar as 9

	23
	
	x
	x
	
	x
	Similar as 12

	24
	
	x
	
	x
	x
	-Not valid  

	25
	
	
	x
	x
	x
	Ack +CSI piggybacked on L-PUSCH

	26
	x
	x
	x
	x
	
	Similar 9

	27
	x
	x
	x
	
	x
	Similar 12

	28
	x
	
	x
	x
	x
	Similar 19

	29
	
	x
	x
	x
	x
	Similar 9

	30
	x
	x
	
	x
	x
	-Not valid  

	31
	x
	x
	x
	x
	x
	Similar 9




Table 3 Short PUSCH and Long PUCCH transmission
	Config #
	S-CSI 
	S-ACK(sr) 
	S-Data
	L-ACK (sr)
	L-CSI 
	Non-CA

	
	
	
	
	
	
	Proposal

	1
	x
	
	
	
	
	Only for CSI on PUSCH without data.

	2
	
	x
	
	
	
	-Not valid  

	3
	
	
	x
	
	
	S- PUSCH 

	4
	
	
	
	x
	
	PUCCH format 1 for up to 2 bits, and PUCCH format 3/4 for more than 2 bits

	5
	
	
	
	
	x
	PUCCH format 3, 4

	6
	x
	x
	
	
	
	Opt1:drop S-CSI  
Opt2:If PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE
· Multiplexing S-ACK and S-CSI 
Opt3: piggybacked on S-PUSCH ,Only for CSI on PUSCH without data

	7
	x
	
	x
	
	
	CSI piggybacked on short PUSCH 

	8
	x
	
	
	x
	
	· The same starting symbol
· If ACK<=2bits, 
· drop CSI
· if ACK>2bits, 
· On L-PUCCH
· The different starting symbol
· Opt1:drop CSI


	9
	x
	
	
	
	x
	· same starting symbol
· Opt 1:multiplexing S-CSI and L-CSI on S-PUSCH 
· Opt2: multiplexing S-CSI and L-CSI on L-PUCCH 
· Opt 3:drop the channel with CSI based on the defined priority

· different starting symbol
· Opt1: puncture the colliding symbols of long PUCCH or drop long PUCCH based on the defined priority. 
· Opt2: drop S-CSI based on the defined priority.


	10
	
	x
	x
	
	
	Ack piggybacked on short PUSCH

	11
	
	x
	
	x
	
	-Not valid  

	12
	
	x
	
	
	x
	-Not valid  

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	13
	
	
	x
	x
	
	Opt1:drop S-PUSCH


	14
	
	
	x
	
	x
	Opt1:drop S-PUSCH


	15
	
	
	
	x
	x
	· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 3 or 4
· The HARQ-ACK/SR and CSI Part 1 bits are jointly encoded. CSI Part 2 bits are separately encoded.
· The HARQ-ACK/SR and Part I of CSI reports are jointly encoded with the configured maximum code rate of the PUCCH Format 3 or 4.
· The remaining resources (if any) in the configured PRB are used for encoding of the CSI Part 2 report. Some or all of the CSI Part 2 bits can be dropped using the same priority rules for CSI omission as for  CSI on PUSCH.


	16
	x
	x
	x
	
	
	UCI on short PUSCH

	17
	x
	x
	
	x
	
	
· same starting symbol
· Opt 1:multiplexing S-CSI,S-ACK and L-ACK on S-PUSCH 
· Opt 2: puncture the colliding symbols of long PUCCH or drop long PUCCH

· different starting symbol
· Opt1: puncture the colliding symbols of long PUCCH or drop long PUCCH. 


	18
	x
	x
	
	
	x
	similar to 23 

	19
	x
	
	x
	x
	
	similar to 8


	20
	x
	
	x
	
	x
	similar to 9


	21
	x
	
	
	x
	x
	Similar to 8

	22
	
	x
	x
	x
	
	similar to 17 


	23
	
	x
	x
	
	x
	· same starting symbol
· Opt 1:multiplexing S-ACK and L-CSI on S-PUSCH 
· Opt2: puncture the colliding symbols of long PUCCH
· different starting symbol
· Opt 1:drop L-PUCCH
· Opt 2:puncture the colliding symbols of long PUCCH

	24
	
	x
	
	x
	x
	-
Not valid  

	25
	
	
	x
	x
	x
	Similar to 13


	26
	x
	x
	x
	x
	
	Similar to 17

	27
	x
	x
	x
	
	x
	Similar to 9

	28
	x
	
	x
	x
	x
	Similar to 8

	29
	
	x
	x
	x
	x
	Similar to 17

	30
	x
	x
	
	x
	x
	Similar to 17

	31
	x
	x
	x
	x
	x
	Similar to 17




Table 4 Short PUSCH and Long PUSCH transmission
	Config #
	S-CSI 
	S-ACK 
	S-Data
	L-ACK 
	L-CSI 
	L-data
	Non-CA

	
	
	
	
	
	
	
	Proposal

	1
	x
	
	
	
	
	
	Only for CSI on PUSCH without data

	2
	
	x
	
	
	
	
	-Not valid  

	3
	
	
	x
	
	
	
	Short PUSCH

	4
	
	
	
	x
	
	
	-Not valid  

	5
	
	
	
	
	x
	
	Only for CSI on PUSCH without data

	6
	x
	x
	
	
	
	
	UCI on S-PUSCH

	7
	x
	
	x
	
	
	
	UCI on S-PUSCH

	8
	x
	
	
	x
	
	
	-Not valid  

	9
	x
	
	
	
	x
	
	· same starting symbol
· Opt 1:multiplexing S-CSI and L-CSI on S-PUSCH 
· Opt2: multiplexing S-CSI and L-CSI on L-PUSCH 
· Opt 3:drop the channel with CSI based on the defined priority

· different starting symbol
· Opt1: puncture the colliding symbols of long PUSCH or drop long PUSCH based on the defined priority. 
· Opt2: drop S-CSI based on the defined priority.


	10
	
	x
	x
	
	
	
	UCI on S-PUSCH

	11
	
	x
	
	x
	
	
	-Not valid  

	12
	
	x
	
	
	x
	
	-Not valid  

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	13
	
	
	x
	x
	
	
	-Not valid  

	14
	
	
	x
	
	x
	
	· same starting symbol

· Opt1:multiplexing L-CSI on S-PUSCH
· Opt2:drop S-PUSCH

· different starting symbol
· drop S-PUSCH 

	15
	
	
	
	x
	x
	
	-Not valid  

	16
	x
	x
	x
	
	
	
	UCI on S-PUSCH

	17
	x
	x
	
	x
	
	
	-Not valid

	18
	x
	x
	
	
	x
	
	· The same starting symbol
· Opt1:multiplexing S-ACK,S-CSI,L-CSI on S-PUSCH 
· Opt2:puncture the colliding symbols of long PUSCH
· Opt3:drop L-PUSCH 
· The different starting symbol
· Opt1: puncture the colliding symbols of long PUSCH
· Opt2:drop L-CSI


	19
	x
	
	x
	x
	
	
	-
Not valid

	20
	x
	
	x
	
	x
	
	· same starting symbol
· Opt 1:multiplexing S-CSI and L-CSI on S-PUSCH 
· Opt2: multiplexing S-CSI and L-CSI on L-PUSCH 
· Opt 3:drop the channel with CSI based on the defined priority

· different starting symbol
· Opt1: puncture the colliding symbols of long PUSCH or drop long PUSCH based on the defined priority. 
· Opt2: drop S-CSI/S-PUSCH based on the defined priority.


	21
	x
	
	
	x
	x
	
	
· The same starting symbol
· If ACK<=2bits, 
· drop CSI
· if ACK>2bits, 
· On L-PUSCH
· The different starting symbol
· Opt1:drop S-CSI


	22
	
	x
	x
	x
	
	
	-Not valid

	23
	
	x
	x
	
	x
	
	· same starting symbol
· Opt 1:multiplexing S-ACK and L-CSI on S-PUSCH 
· Opt2: puncture the colliding symbols of long PUSCH
· different starting symbol
· Opt 1:drop L-CSI
· Opt 2:puncture the colliding symbols of long PUSCH

	24
	
	x
	
	x
	x
	
	-Not valid  

	25
	
	
	x
	x
	x
	
	Similar to 14

	26
	x
	x
	x
	x
	
	
	-
Not valid  

	27
	x
	x
	x
	
	x
	
	Similar to 23

	28
	x
	
	x
	x
	x
	
	Similar to 14

	29
	
	x
	x
	x
	x
	
	· same starting symbol
· Opt 1:multiplexing S-ACK and L-ACK on S-PUSCH 
· Opt 2: puncture the colliding symbols of long PUSCH or drop long PUSCH

· different starting symbol
· Opt1: puncture the colliding symbols of long PUSCH or drop long PUSCH. 


	30
	x
	x
	
	x
	x
	
	
· The same starting symbol
· Opt.1: multiplexing L-ACK,S-ACK, S-CSI,L-CSI on S-PUSCH
· Opt.2:puncture long PUSCH
· The different starting symbol
·  Opt.1: short PUSCH puncture the colliding symbol of long PUSCH. The remaining symbols of long PUSCH are dropped.

	31
	x
	x
	x
	x
	x
	
	Similar to 30

	32
	
	
	
	
	
	x
	L-PUSCH

	33
	x
	
	
	
	
	x
	
· The same starting symbol
· Opt.1: S-CSI is piggybacked on long PUSCH, if the processing time is sufficient. 
· Opt.2: puncture the colliding symbols of long PUSCH
· Opt.3:drop long PUSCH
· The different starting symbol
· Opt.1:  puncture the colliding symbols of long PUSCH
· Opt.2:drop long PUSCH

	34
	
	x
	
	
	
	x
	-
Not valid  

	35
	
	
	x
	
	
	x
	· drop L-PUSCH


	36
	
	
	
	x
	
	x
	UCI piggybacked on PUSCH

	37
	
	
	
	
	x
	x
	UCI piggybacked on PUSCH

	38
	x
	x
	
	
	
	x
	
Opt 1:puncture symbols of  L- PUSCH or drop L- PUSCH

	39
	x
	
	x
	
	
	x
	· drop L-PUSCH


	40
	x
	
	
	x
	
	x
	
· The same starting symbol
· Opt. 1a: CSI is transmitted on L-PUSCH，
· Opt.1b: drop CSI
· The different starting symbol
· drop CSI

	41
	x
	
	
	
	x
	x
	Similar to 9

	42
	
	x
	x
	
	
	x
	· Opt1: puncture symbols of  L- PUSCH or drop L-PUSCH


	43
	
	x
	
	x
	
	x
	-Not valid  

	44
	
	x
	
	
	x
	x
	-Not valid  

	45
	
	
	x
	x
	
	x
	· Opt1:drop S-PUSCH

	46
	
	
	x
	
	x
	x
	· The same starting symbol
· Opt. 1a: multiplexing L-CSI on S-PUSCH，
· The different starting symbol
· drop S-PUSCH

	47
	
	
	
	x
	x
	x
	UCI on PUSCH

	48
	x
	x
	x
	
	
	x
	· Opt1:drop L-PUSCH

	49
	x
	x
	
	x
	
	x
	Similar to 30


	50
	x
	x
	
	
	x
	x
	Samilar to 23

	51
	x
	
	x
	x
	
	x
	Similar to 21

	52
	x
	
	x
	
	x
	x
	Similar to 9

	53
	x
	
	
	x
	x
	x
	Similar to 21

	54
	
	x
	x
	x
	
	x
	
· same starting symbol
· Opt 1:multiplexing S-ACK and L-ACK on S-PUSCH 
· Opt 2: puncture the colliding symbols of long PUSCH or drop long PUSCH
· different starting symbol
· Opt1: puncture the colliding symbols of long PUSCH or drop long PUSCH based on the defined priority. 
.


	55
	
	x
	x
	
	x
	x
	Similar to 23

	56
	
	x
	
	x
	x
	x
	-
Not valid  

	57
	
	
	x
	x
	x
	x
	Similar to 14

	58
	x
	x
	x
	x
	
	x
	Similar to 29

	59
	x
	x
	x
	
	x
	x
	Similar to 18

	60
	x
	
	x
	x
	x
	x
	Similar to 21

	61
	
	x
	x
	x
	x
	x
	Similar to 29

	62
	x
	x
	
	x
	x
	x
	Similar to 30

	63
	x
	x
	x
	x
	x
	x
	Similar to 30
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