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In this contribution, a summary of companies’ view on the remaining key issues for UCI multiplexing on PUSCH is provided. 
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How to indicate UCI-only and modulation order when piggyback on PUSCH without UL-SCH
There a totally 7 proposals to address this important topic. The proposals can be categorized into two families. The first one is adding 1 bit in DCI to explicitly signal UCI-only on PUSCH without UL-SCH. The second family is signal UCI-only implicitly based on special combinations of certain existing fields in DCI.  
Proposal 1a: DCI format 0_1 includes an ‘UL-SCH indicator’ field of 1 bit. Modulation and code rate are determied by I_MCS field in DCI. (supporting companies: Samsung, Intel, Lenovo, Motorola mobility)
Proposal 1b: The following combination is interpreted as UCI-only PUSCH by UE: (1) RV = 1, (2) HARQ ID = 15, and (3) NDI is toggled compared to previous DCI with HARQ ID = 15.  is set to take a value from  to determine the modulation order, as well as a ‘reference code rate’ of UCI-only PUSCH. (supporting companies: HW) 
Proposal 1c: Reuse dynamic beta offset fields to indicate a-CSI without UL-SCH. (Supporting companies: VIVO)
· For dynamic beta offset indication, the lowest entry for 2-bit dynamic beta offset fields is for a-CSI without UL-SCH, the reset 3 entries are for a-CSI with UL-SCH. 
· For semi-static beta offset indication, add 1-bit in DCI to indicate a-CSI without UL-SCH. 
Proposal 1d: Reuse the NDI, RV and MCS fields in DCI to trigger CSI on PUSCH without UL-SCH data (Supporting companies: CATT) 
· The NDI bit is toggled compared to the previous transmission for the same HARQ process and the RV field is set to 0
· The modulation order is indicated by the IMCS 
· If the MCS table supports up to 64QAM and the UE does not support pi/2 BPSK, IMCS = {28, 29, 30} indicates QPSK, 16QAM and 64QAM respectively. Otherwise if the UE supports pi/2 BPSK, IMCS = {28, 29, 30, 31} indicates pi/2 BPSK, QPSK, 16QAM and 64QAM respectively. If the MCS table supports up to 256QAM, IMCS = {28, 29, 30, 31} indicates QPSK, 16QAM, 64QAM and 256QAM respectively.
· A subset of target code rates corresponding to the indicated modulation order is indicated by the 4-bit HARQ process number field.
Proposal 1e: For triggering of UCI only PUSCH without UL-SCH, the combination of CSI request = ‘on’, IMCS∈{28, 29, 30, 31} and RV = 1 is used (supporting companies: LGE)
· Unused bit field(s) in DCI can be reinterpreted to indicate MCS index or PUSCH code rate.
Proposal 1f: (supporting companies: DCM)
· UE transmits UCI on PUSCH without UL-SCH when the following bullets are satisfied.
· DCI format 0_1
· I_MCS=28~31 with 256 QAM or I_MCS=29~31 without 256 QAM
· I_MCS indicates the modulation order for the transmission as well.
· NDI indicates new data
· The number of layers=1
· (“Redundancy version” field and/or “HARQ process number” field for forward compatibility)
· Some fields can be considered to be used as a part of the other fields.
· The use of NDI may have issues because of toggling, which should be considered.

Proposal 1g: An UL grant scheduling CSI only on PUSCH without UL-SCH is identified by toggling of the NDI relative to the last DCI scheduling UL-SCH, , RVid=1 and CSI request field triggering a CSI report. (Supporting companies: E///)
Proposal 1h: Have the combination of IMCS=31, RVID =1 and “CSI request” corresponds to “on”  in DCI to indicate UCI only without UL-SCH transmission in PUSCH. After UCI only transmission is decided, use the bit filed of “HARQ process number” in DCI to indicate the modulation order. (Supporting companies: CATR)
With signalling of modulation order and code rate in DCI, it is observed the signalling may lead to useless combinations of high modulation order with very low code rate. One proposal as below is proposed to remove those useless combinations based on CSI part1 actual code rate, which is based on CSI-1 payload size (UE determined) and RB allocation.  
Proposal 2: UE is not expected to transmit A-CSI on PUSCH without UL-SCH, if the actual coding rate for CSI-part 1 is smaller than T_m for a modulation order m. (Supporting companies: QC)
· When A-CSI is dropped, HARQ-ACK if exists is transmitted on PUCCH resource.
· FFS the value of T_m for each modulation order m
Resource calculation for UCI on PUSCH without UL-SCH
Regarding how to calculate number of REs for HARQ-ACK, CSI part 1, and CSI part 2 (if exists), there are 4 proposals as listed below.
Proposal 3a: The same determination, based on the spectral efficiency indicated by DCI format 0_1, applies for the number of UCI coded modulation symbols regardless of whether or not UL-SCH is multiplexed in the PUSCH. (Supporting companies: Samsung)
Proposal 3b: UCI resource allocation and CSI-part2 omission is jointly designed by equation (5) to (8), with dynamic ‘reference code rate’  indicated by MCS field in DCI. (supporting companies: HW)
  (5)
  (6)
  (7)
Proposal 3c: When piggybacked on PUSCH without UL-SCH, the resources for HARQ-ACK, CSI part 1 and CSI part 2 are determined based on the following equations (supporting companies: CATT)






· 
 is the target coding rate for CSI part 1 on PUSCH, which is indicated by reusing the HARQ process number indication field in DCI
Proposal 3d: HARQ-ACK, CSI part 1 and part 2 REs for UCI on PUSCH without UL-SCH should be updated as follows. (Supporting companies: VIVO. Intel has a very similar proposal but without  included. E/// has a very similar proposal with  only applies to HARQ-ACK)



Where 
 , and 
 is the maximum total number of CSI part 2 bits.
CSI part 2 omission rule
In RAN1 #92, the following agreements are made with a FFS. 

Agreements:
· 
When CSI part 2 piggybacked on PUSCH without UL-SCH, lower priority information bits are omitted until CSI Part 2 UCI code rate is below  where 


· FFS: CSI-1 is based on code rate calculated at UE or signalled by gNB in DCI . 
· Note: if C_T is larger than 1, UE consider it is an error case.
There are two proposals to address the FFS.


Proposal 4a: In the agreement from RAN1#92 for omission of lower priority information bits for CSI part 2,  is calculated by the UE as SE/Qm where SE is the spectral efficiency (MCS) indicated by the UL DCI. (Supporting companies: Samsung, Intel)

Proposal 4b:  is based on code rate calculated at UE (Supporting companies: E///)
Partially overlapped single slot PUCCH and single slot PUSCH 
With the same starting symbol 
In RAN1 #92, the rules to handle partially overlapped PUCCH and PUSCH with the same staring symbol are mostly settled down, except for a few corner cases, such as when SR colliding with A-CSI-only or SP-CSI on PUSCH. 
Regarding how to handle these corner cases for the completeness of the NR spec, there is one proposal. 
Proposal 5: For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with SR/HARQ-ACK with the same starting symbol within the same CC, adopt the proposals in the table below 
	SP-CSI on PUSCH without UL-SCH
	A-CSI-only on PUSCH without UL-SCH
	HARQ-ACK
	SR
	Proposal

	
	*
	
	*
	Option 1: Drop A-CSI-only on PUSCH, transmit SR. (follow LTE approach)
Option 2: Attach X bits SR at the beginning of CSI part 1, and transmit them in PUSCH

	
	*
	*
	*
	Option 1: Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK. (follow LTE approach) 
Option 2: Attach X bits SR at the beginning of CSI part 1 payload, transmit SR, HARQ-ACK and CSI on PUSCH

	*
	
	
	*
	Option 1: Drop SP-CSI on PUSCH, transmit SR (follow LTE approach)
Option 2: Attach X bits SR at the beginning of CSI part 1, and transmit them in PUSCH

	*
	
	*
	*
	Option 1: Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR (follow LTE approach)
Option 2: Attach X bits SR at the beginning of CSI part 1 payload, transmit SR, HARQ-ACK and CSI on PUSCH



· X = ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlaps in time with PUSCH in a slot. 
· FFS when the starting symbols among UL transmissions are different in the above scenarios.
Proposal 5a: For SP-CSI on configured PUSCH without UL-SCH colliding with a PUSCH with UL-SCH with overlapped symbols in time 
· When starting symbols between the two channels are aligned, drop SP-CSI (following MIMO agreements made in last meeting)
· When starting symbols between the two channels are not aligned
· Option 1: UE treat it as an error (refine MIMO agreements made in last meeting)
· Option 2: drop SP-CSI, transmit the PUSCH with UL-SCH 
With different starting symbols 
It is still FFS how to handle partially overlapped PUCCH and PUSCH with different starting symbol.  Unfortunately, this is a very complicated topic to study, because there are many scenarios of overlapping. For example, short/long HARQ-ACK overlap with short/long PUSCH, short/long P-CSI, A-CSI, SP-CSI overlap with PUSCH. PUSCH can be categorized SPS PUSCH and dynamic scheduled PUSCH. PUSCH have two different types, i.e., type A and type B. PUSCH can also be classified with different latency requirements such as eMBB and URLLC. To make things even more complicated, if consider eMBB vs URLLC, we need distinguish the UCI carried by PUCCH is for URLLC or eMBB services. The challenge here is to find a relatively simple and systematic solution that can work for all the scenarios.
There are totally 13 proposals proposed in this meeting. And the proposals are still relatively diverged.  
Proposal 6a: For eMBB services, UCI is piggybacked on PUSCH if UE processing time (and resource) permits; otherwise drop UCI and transmit PUSCH. Processing time includes both HARQ-ACK time (K1/N1) and PUSCH time (K2/N2) (Supporting companies: HW)
· Resource permission applies only to P-CSI/SP-CSI piggyback on PUSCH.
Proposal 6b: For PUCCH and PUSCH overlapping, the following principles can be used: (supporting companies: CATT)
· In an overlapping slot, if PUCCH and PUSCH have same starting symbol or if the starting symbol of PUCCH is earlier than PUSCH, piggyback UCI on PUSCH in that slot 
· In an overlapping slot, if the starting symbol of PUCCH is later than PUSCH, UE should give up the transmission with lower priority when it knows there will be a PUCCH and PUSCH conflict
· PUCCH with HARQ-ACK has highest priority;
· PUCCH with CSI has lowest priority.
Proposal 6c: When a single slot PUCCH partially overlap with a single slot PUSCH (supporting companies: Lenovo, Motorola Mobility)
· If the starting symbol of PUCCH is earlier than that of PUSCH, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined for full overlapping case.
· If the starting symbol of PUCCH is later than that of PUSCH, drop the PUSCH at least for the overlapped part.
Proposal 6d: For PUCCH overlapping with PUSCH with different starting symbol, adopt the following proposal in the table (Supporting companies: OPPO)
	
	SPS PUSCH
	Dynamic PUSCH

	SPS PUCCH
(SPS-CSI/P-CSI/SPS-HARQ-ACK/SR)
	· If the starting symbol of PUSCH is before SPS PUCCH, 
· SPS PUSCH is punctured by SPS PUCCH.
· Dynamic PUSCH is transmitted, and SPS PUCCH is dropped.
· Otherwise, SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is piggybacked on SPS PUSCH.

	Dynamic PUCCH
(dynamic HARQ-ACK)
	SPS PUSCH is punctured by dynamic PUCCH.
	The channel scheduled by the later DCI is transmitted:
· If dynamic PUCCH is transmitted, dynamic PUSCH is punctured by dynamic PUCCH.
· If dynamic PUSCH is transmitted,
· If the starting symbol of dynamic PUCCH is before dynamic PUSCH, dynamic HARQ-ACK is piggybacked on dynamic PUSCH.
· Otherwise, dynamic PUCCH is dropped.



Proposal 6e: Regarding to partial overlap between PUCCH and PUSCH with different starting symbols, one of the below two alternatives is adopted: (supporting companies: MTK)
· Alt1 : this is an error case, and the behavior is up to UE implementation
· Alt2 : to complete the transmission of the earlier channel, and to drop the transmission of the later channel
Proposal 6f: For eMBB services, when a PUCCH overlap with a PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. (Supporting companies: QC)
· FFS: how to handle low latency transmission (e.g. URLLC) based on priority ordering
Proposal 6g: When a PUCCH overlap with a PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. FFS: how to handle low latency short transmission (e.g. URLLC) based on priority ordering (Supporting companies: E///)
Proposal 6h: Dec. version of NR Rel-15 does not allow occurring another transmission in the middle of on-going transmission. Jun. version of NR Rel-15 should support. (Supporting companies: DCM)
Proposal 6i: for UL channel combinations with different durations, UE determines the transmission priority according to 1) transmission duration (short > long); 2) starting symbol of the channel (early> late) (supporting companies: VIVO)
Proposal 6j: For overlapped PUCCH and PUSCH with different staring symbol (Supporting companies: Samsung)
· If a UE does not receive a DCI format triggering a PUCCH transmission after a DCI format scheduling a PUSCH transmission in the same slot, the UE multiplexes HARQ-ACK in the PUSCH (and PUCCH is dropped)
· If a UE receives a DCI format triggering a PUCCH transmission after a DCI format scheduling a PUSCH transmission in the same slot, the UE drops the later transmission.
· For overlapping between dynamic and periodic PUSCH and PUCCH transmissions with different first symbol, the UE drops the periodic transmission.
Proposal 6k: For overlapped single slot PUCCH and single slot PUSCH with different staring symbol (Supporting companies: Nokia, NSB)
· If PUCCH is short PUCCH, PUSCH is dropped (at the first overlapping symbol) if UCI contains HARQ-ACK, otherwise PUCCH is dropped.
· If PUCCH is long PUCCH, when partially overlapping long PUCCH and PUSCH have at most 3 symbol difference in the starting symbol and UE has at least N1+1 symbols processing time for the UCI before start of PUSCH, UCI is multiplexed on PUSCH and PUCCH is dropped. In other cases of partially overlapping channels, PUSCH is dropped if UCI contains HARQ-ACK, otherwise PUCCH is dropped.
Proposal 6l: When PUCCH and PUSCH are partially overlapped, following option could be considered. (Supporting companies: PANASONIC)
· Option 1: If PUCCH starting symbol is earlier than PUSCH, PUCCH is not transmitted and UCI on PUCCH is multiplexed to PUSCH if processing time allow to transmit UCI on PUSCH. If PUSCH starting symbol is earlier than PUCCH, transmit UCI in PUSCH if processing time allow to transmit UCI on PUSCH.
· Option 2: If PUCCH starting symbol is earlier than PUSCH, transmit PUSCH and drop UCI in PUCCH. If PUSCH starting symbol is earlier than PUCCH, transmit UCI in PUCCH and drop PUSCH.
Proposal 6m: When PUCCH for HARQ-ACK and PUSCH are partially overlapped in time, the following UCI multiplexing rule is applied. (supporting companies: LGE)
· If A/N PUCCH is indicated by PDCCH/PDSCH(s) received up to Tproc,1 before the start of PUSCH and the A/N PUCCH overlaps partially with the PUSCH
· The UE transmits HARQ-ACK on PUSCH using the same UCI multiplexing rule for the PUCCH and PUSCH with same starting and ending symbols
· Note: Tproc,1 is the UE PDSCH processing time which is defined in TS38.214.
· Otherwise
· The UE transmits PUSCH without the HARQ-ACK

Offline proposals:
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· If the first symbol of the earliest PUCCH/PUSCH starts no earlier than symbol N1+X after the last symbol of PDSCH(s) and no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH(only applicable to grant based PUSCH) for slot n, the UE multiplex all UCIs on either one PUCCH or one PUSCH, using the same UCI multiplexing rule defined with the same starting symbols.
· Otherwise, it is considered as an error case. 
· 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 different y values for grant based vs grant free PUSCH
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS how to handle ACK-bundling when partial HARQ-ACK bits cannot fulfil the timeline requirement. 
· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfies timeline requirement.
· FFS How to handle two PUCCH groups when the two PUCCH groups are on contiguous intra-band CCs  
· 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,  and SP-CSI on PUSCH colliding with PUSCH with UL-SCH. 

Overlapped multi-slot PUCCH/PUSCH 
There are in total 6 proposals to address the issue of multi-slot PUCCH colliding with single or multiple slot PUSCH, in both scenarios of aligned starting symbol and non-aligned starting symbol. 
Proposal 7a: For multi-slot transmission, overlapped PUCCH and PUSCH is handled the same way as single-slot case in each slot. Wherein each slot, UCI is always piggybacked on PUSCH if UE processing time allowed. (Supporting companies: HW)
Proposal 7b: (Supporting companies: Lenovo, Motorola Mobility)
With aligned starting symbol between PUCCH and PUSCH in a slot 
· When multiple slot PUCCH overlap with single slot PUSCH, drop the PUCCH transmission in the overlapped slot. The PUCCH and PUSCH transmission in other slots are not impacted.
· When multiple slot PUCCH overlap with multiple slot PUSCH with aligned starting symbols in the overlapped slots, piggyback UCI on PUSCH in the overlapped slots using the same multiplexing rules defined for fully overlapping case. The PUCCH and PUSCH transmission in other slots are not impacted.
With not aligned starting symbol between PUCCH and PUSCH in a slot
· In case a single slot PUCCH overlaps with a multiple slot PUSCH transmission
· If the starting symbol of PUCCH is earlier than that of PUSCH in the overlapped slot, PUCCH is not transmitted and UCI is piggybacked on PUSCH in the overlapped slot using the same multiplexing rules defined for full overlapping case.
· If the starting symbol of PUCCH is later than that of PUSCH in the overlapped slot, drop the PUSCH at least for the overlapped part.
· In case a multiple slot PUCCH overlaps with a single slot PUSCH transmission
· Drop the PUCCH transmission in the overlapped slot
· In case a multiple slot PUCCH overlaps with a multiple slot PUSCH transmission
· If the starting symbol of PUCCH is earlier than that of PUSCH in the overlapped slot(s), PUCCH is not transmitted and UCI is piggybacked on PUSCH in the overlapped slot(s) using the same multiplexing rules defined for full overlapping case.
· If the starting symbol of PUCCH is later than that of PUSCH in the overlapped slot(s), PUCCH is not transmitted in the overlapped slot(s) and the corresponding UCI is piggybacked on the PUSCH in the next slot if available. 
Proposal 7c: UCI is mapped on PUSCH when multi-slot PUCCH and multi-slot PUSCH start on the same symbol on the same slot and have the same slot aggregation level; otherwise follow the proposals below (Supporting companies: Nokia, NSB)
· If multi-slot PUCCH and multi-slot PUSCH start within 3 symbols in the same slot and have same slot aggregation levels, map UCI on PUSCH and drop PUCCH.
· If multi-slot PUCCH and multi-slot PUSCH start in the same slot but have different slot aggregation levels, drop PUSCH if UCI contains HARQ-ACK, otherwise drop PUCCH.
· If multi-slot PUCCH and multi-slot PUSCH start in the different slots, drop the transmission that starts in a later slot.
Proposal 7d: When multi-slot PUCCH for HARQ-ACK and multi-slot PUSCH are overlapped in time, UCI multiplexing on PUSCH is supported for overlapping slot(s). (supporting companies: LGE)
Proposal 7e: In case a multi-slot slot PUCCH overlap with a single-slot or multi-slot PUSCH transmission (supporting companies: QC)
· If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission
· If the staring symbol of PUCCH and PUSCH are not aligned in a slot, follow the same proposal in the case of single slot PUCCH partially colliding with single slot PUSCH.
Proposal 7f: In case a multi-slot slot PUCCH overlap with a single-slot or multi-slot PUSCH transmission (supporting companies: E///)
· When a multi-slot PUCCH overlaps with a single-slot PUSCH with a same first symbol and slot, PUCCH is not transmitted and PUSCH is transmitted. UCI is not piggybacked on PUSCH.
· When a multi-slot PUCCH overlaps with a multi-slot PUSCH and has a same first symbol in at least as many slots as PUCCH is repeated over and PUSCH starts in the same or an earlier slot than PUCCH, PUCCH is not transmitted and PUSCH is transmitted. UCI is piggybacked in as many slots as PUCCH would have been transmitted over, starting with the first overlapping slot.
Other topics/CRs
Proposal 8: adopt the following TP in Section 6.2.7 of 38.212 


for  to  		

		;

;

;

;
end for
Proposal 9: It is clarified that based on this sentence of “A UE is not expected to receive more than one aperiodic CSI report request for a given slot” in Section 5.2.1.5.1 in 38.214 V15.0.1, for a given slot, UE is not expected to transmit CSI report(s) triggered by more than one CSI requests received in multiple DCIs, in both CA and non-CA scenarios. (supporting companies: QC)
· No spec update is necessary.
Proposal 10: In the case that HARQ-ACK, CSI part 1 and CSI part 2 are multiplexed on PUSCH without UL-SCH, the number of encoded CSI part 1 bits on the first hop is given by  instead of  (supporting companies: Nokia, NS))
Proposal 11: Adopt the following TP in 38.212 Section 7.3.1.1.2 (Supporting companies: Nokia, NSB)
-	1st downlink assignment index – 1 or 2 bits
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook with single HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise. 
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