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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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Allow DCI 0_0 schedule A-CSI
In current 38.212 [6], DCI format 0_0 does not have a field to trigger A-CSI. It is necessary to add this functionality in NR so that for UEs in fallback mode, A-CSI can be triggered to repeat CSI to base station. This function is supported in LTE to trigger A-CSI for UEs who monitors PDCCH common search space. It is important to keep the same functionality in NR. 
Proposal 1: Add 1 bit CSI request field in DCI 0_0.                             
Reserved REs for HARQ-ACK
offline consensus 1: confirm the following working assumption
· 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.
Note: It was agreed in RAN1 AH 1801 that 2 bits HARQ-ACK is assumed to determine the number of reserved REs.
Supporting companies: QC, MTK, Samsung, HW, E///, VIVO, LG

Regarding how to determine the subset within the reserved REs for 1-bit HARQ mapping, there are few proposals as below. 
Proposal 2a: it is clarified that by confirming the above working assumption and combining with the previous agreement in AH 1801  “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  instead of ”, the subset within reserved REs for 1-bit HARQ mapping is determined. (Supporting companies: QC, HW, Intel, MTK, LG)
Proposal 2b: 1-bit HARQ-ACK is mapped to every second reserved resource element starting from the first reserved resource element. (Supporting companies: Nokia)

Proposal 2c: The modulated HARQ-ACK symbols are mapped to a subset of the reserved REs in a distributed manner with distance  (Supporting companies: CATT)
With proposal 2a, no new agreement is needed, and no change is needed to modify pseudo codes in 28.212. Proposal 2a/2b/2c are equivalent in many cases. Proposal 2b/2c may be slightly better than 2a in some cases by distributing HARQ-ACK more evenly within reserved REs. Considering minimizing the impact to spec, proposal 2a seems more preferred. 
Offline consensus 2: it is clarified that by confirming the above working assumption and combining with the previous agreement in AH 1801  “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  instead of ”, the subset within reserved REs for 1-bit HARQ mapping is determined. 
When only 0 or 1 bits HARQ-ACK and CSI part 1 are multiplexed on PUSCH without UL-SCH, since HARQ-ACK tone reservation is based on assuming 2 bits HARQ-ACK and CSI part 1 is not mapped to reserved tones, there will be empty reserved tones. There are two proposals regarding how to fill those empty tones.
Proposal 3a: When only 0 or 1 bit HARQ-ACK and CSI part 1 are multiplexed on PUSCH without UL-SCH, duplicate the payload of CSI part 1, treat the duplication as if it is CSI part 2, and utilize it to fill the empty reserved tones for assumed 2 bits HARQ-ACK. (Supporting companies: QC)
· The dummy CSI part 2 is encoded, rate matched based on number of all reserved tones, mapped to all reserved tones, then punctured by HARQ-ACK. 

Proposal 3b: Repeat certain portion of CSI part 1 and map on un-used REs within reserved REs for HARQ-ACK. (Supporting companies: Intel) 
Proposal 3a and 3b are very similar to each other. Given proposal 3a is more concrete with more details. Proposal 3a seems more preferable. 
Proposal consensus 3: When only 0 or 1 bit HARQ-ACK and CSI part 1 are multiplexed on PUSCH without UL-SCH, duplicate the payload of CSI part 1, treat the duplication as if it is CSI part 2, and utilize it to fill the empty reserved tones for assumed 2 bits HARQ-ACK. 
· The dummy CSI part 2 is encoded, rate matched based on number of all reserved tones, mapped to all reserved tones, then punctured by HARQ-ACK. 

How to indicate UCI-only and modulation order when piggyback on PUSCH without UL-SCH
There a totally 9 different proposals to address this important topic. The proposals are listed below. 
Proposal 4a: modulation order is derived from MCS field in DCI (supporting companies: HW) 
Proposal 4b: 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 4c: Use implicit indication for aperiodic CSI on PUSCH without UL-SCH and the corresponding modulation order. (supporting companies: CATR) 

Proposal 4d: Reuse the NDI, RV and MCS fields in DCI to trigger CSI on PUSCH without UL-SCH data (Supporting companies: CATT) 
· NDI bit is toggled compared to the previous transmission for the same HARQ process and RV is set to 0 combined with IMCS = {[28], 29, 30, 31} to indicate the modulation order for CSI on PUSCH without UL-SCH data is QPSK, 16QAM, 64QAM and [256QAM] respectively.

Proposal 4e: DCI format 0_1 includes an ‘UL-SCH indicator’ field of 1 bit. The modulation scheme for UCI in a UCI-only PUSCH transmission is determined as for data in a PUSCH transmission with UL-SCH. (supporting companies: Samsung)

Proposal 4f: For aperiodic CSI on PUSCH without UL-SCH, the combination of CSI request = ‘on’, MCS∈{28, 29, 30, 31} and RV = 1 can be used. (supporting companies: LG)
· The modulation order of CSI follows the modulation order indicated by the MCS value.
Proposal 4g: (supporting companies: Intel)
· MCS index of 29, 30 and 31 is employed to indicate that the modulation order for CSI on PUSCH without UL-SCH data is QPSK, 16QAM and 64QAM, respectively.
· An implicit rule based on the total number of allocated REs for PUSCH transmission can be used to determine whether A-CSI is transmitted on PUSCH without UL-SCH.


[bookmark: _Hlk506540999][bookmark: _Toc503560241]Proposal 4h: An UL grant scheduling CSI only on PUSCH without UL-SCH is identified by toggling of the NDI, , RVid=1 and CSI request field triggering a CSI report. (supporting companies: E///)
Proposal 4i: When piggybacked on PUSCH without UL-SCH, (supporting companies: QC)
· DCI is interpreted as A-CSI only without UL-SCH if all the following are true
· NDI = 0
· RVID = 1
· HARQ ID = 15
· MCS = 31
· 
the modulation order of UCI, , is derived at UE based on calculated spectrum efficiency. 
· 

In an MCS table, UE finds the entry with target spectrum efficiency closest to . The modulation order of the found MCS is.

-	 is UE calculated HARQ-ACK spectrum efficiency based on size of HARQ-ACK payload plus CRC (if exists) and allocated number of REs for HARQ-ACK

-	 is UE calculated CSI part 1 spectrum efficiency based on size CSI part 1 payload plus CRC (if exists) and allocated number of REs for CSI part 1
Consider merging the proposals to make a progress, a potential compromised proposal can be the following:
Possible consensus 4a: Down select from the following options to trigger A-CSI only without UL-SCH
· Option A: UCI-only on PUSCH without UL-SCH is signaled by a special combination of at least RVID, MCS, together with CSI request = ‘on’.  
· FFS: the combination including NDI and/or HARQ ID.  
· FFS: the exact value in the above special combination.
Supporting companies: E///, LG, CATT, QC, Intel, 
· Option B: Reuse dynamic beta offset fields to indicate a-CSI without UL-SCH
Supporting companies: VIVO

· Option C: DCI format 0_1 includes an ‘UL-SCH indicator’ field of 1 bit. The modulation scheme for UCI in a UCI-only PUSCH transmission is determined as for data in a PUSCH transmission with UL-SCH.
Supporting companies: Samsung

Possible consensus 4b: For UCI-only on PUSCH without UL-SCH, down select from the following alternatives to determine modulation order
· Alternative 1: modulation order is signalled by MCS in DCI with values 28,29,30,31.
· UE is not expected to transmit certain combinations of MCS and code rate such as high modulation order with low code rate. 
· FFS exact combination of MCS and code rate. 
· Alternative 2: modulation order is determined by UE based on calculated spectrum efficiency.

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 5 proposals as listed below.

Proposal 5a:  For UCI piggyback on PUSCH without UL-SCH, use CSI part 2 threshold code rate   as reference code rate to determine the number of coded modulation symbols per layer for HARQ-ACK and CSI part 1, as follows: (Supporting companies: HW)
 


 where


 where 
Proposal 5b: For 2-part CSI transmitted on PUSCH without UL-SCH data, gNB indicate a target coding rate for CSI part 1 on PUSCH by reusing the HARQ process number indication field in DCI, (supporting companies: CATT)
· the resources used for CSI part 1 should be determined based on the indicated target coding rate;
· the remaining resources can be used for CSI part 2.


where

-	 is the number of bits for CSI part 1 on PUSCH;

-	 is the modulation order for CSI part 1 on PUSCH;

-	 is the target coding rate for CSI part 1 on PUSCH;
Proposal 5c: UCI resources on a PUSCH without UL-SCH are determined according to one of the following (supporting companies: Samsung)
1. 
Determine  from the A-CSI TBS indicated by DCI format 0_1. 
1. Use the same approach as for HARQ-ACK and CSI multiplexing in PUCCH. 





Proposal 5d: For HARQ-ACK, CSI part 1, and CSI part 2 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 transmission, denoted as , , and , are determined as follows: (Supporting companies: QC, Intel, VIVO  except VIVO propose to use a new RRC parameters other than )







-	  is the same RRC configured parameter as for UCI piggyback on PUSCH with UL-SCH;

-	 is the number of bits for a reference of CSI part 2 assuming it is with rank1;



-	 is the number of CRC bits for a reference of CSI part 2 assuming rank 1;  if is less than or equal to 11 bits.
-	the rest notations follow what are defined in 38.212 for UCI piggyback on PUSCH with UL-SCH.

Proposal 5e: For determination of the number of UCI RE(s) on PUSCH without UL-SCH, the following equations are used. (supporting companies: LG)




Further offline/online discussion is needed to have a converged conclusion on this topic.
CSI part 2 omission rule for UCI on PUSCH without UL-SCH
There are 4 proposals regarding how to omit CSI part 2 is the number of REs assigned to CSI part 2 is not enough for convey all the payload of CSI part 2. The 4 proposals are similar with minor differences among them.


Proposal 6a: When multiplexed on PUSCH without UL-SCH, CSI part 2 omission is determined based on a  threshold code rate , where  are specified in MCS table entries 28~31. (Supporting companies: HW)


Proposal 6b: When multiplexed on PUSCH without UL-SCH, CSI part 2 omission is determined based on threshold code rate  where    is signaled by reuse HARQ ID field in DCI (Supporting companies: CATT)
Proposal 6c: For omission of CSI part 2, the threshold code rate can be defined based on the UCI code rate of CSI part 1. (supporting companies: LG)


Proposal 6d: 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 (supporting companies: QC)



-	 is the code rate for CSI part 1 calculated based CSI part 1 payload size, allocated number of REs to CSI part 1, and modulation order determined at UE for UCI.

-	 is the max code rate for PUCCH format 3 which is configured by higher layer parameter PUCCH-F3-maximum-coderate

Possible consensus 6: 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  is based on code rate calculated at UE or signalled by eNB. 
· 

FFS is needed or not, if is signalled by eNB.
Partially overlapped PUCCH and PUSCH
This is a very complicated topic. 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. 
We can first consider the following condition to trigger UCI piggyback on PUSCH. 
Possible consensus 7a: When a PUCCH overlap with a PUSCH with the same starting symbol, PUCCH is not transmitted and UCI is piggybacked on PUSCH. 
· FFS: how to handle low latency transmission (e.g. URLLC) in agenda item 7.2
(supporting companies: QC, Nokia, E///)
Besides the above suggested proposal, there is a proposal to consider UCI piggyback on URLLC based PUSCH. The proposal is listed below. However, study of URLLC is not in the scope NR maintenance. The conditions to trigger UCI piggyback on URLLC based PUSCH can be further discussed in agenda 7.2.
Proposal 7b: In case of PUCCH and PUSCH having the same starting symbol, UCI piggyback function should be restricted either fully or partially to guarantee the data reliability for URLLC if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’. (Supporting companies: HW)
· For full restriction, all types of UCIs cannot be piggy-backed on PUSCH,
· For partial restriction, only certain types of UCI, e.g., HARQ-ACK or A-CSI, can be piggy-backed on PUSCH.

When a PUCCH overlap with a PUSCH with different starting symbols, UCI is not piggybacked on PUSCH. There are several proposals to determined UE behaviour under this condition.
Proposal 8a: for UL channel combinations with different durations, UE determines the transmission priority according to 1) transmission duration (short > long); 2) content conveyed by the channel; 3) starting symbol of the channel (early> late) (supporting companies: VIVO)
Proposal 8b: For PUCCH and PUSCH overlapping, the following principles can be used: (Supporting companies: CATT)
· PUCCH with HARQ-ACK has highest priority;
· PUCCH with CSI has lowest priority;
· UE should give up the transmission with lower priority when it knows there will be a PUCCH and PUSCH conflict.
Proposal 8c: When PUCCH for HARQ-ACK and PUSCH are overlapped in time domain, (Supporting companies: LG)
· If all DL assignments corresponding to the HARQ-ACK are no later than UL grant, UE can piggyback HARQ-ACK on the PUSCH.
· Otherwise, UE may drop PUSCH and transmit HARQ-ACK on PUCCH.
Proposal 8d: Either UCI is multiplexed on PUSCH also when long PUCCH and PUSCH have at most [3] symbol difference in the first symbol, or PUCCH resource indicator field is extended to 3 bits to improve PUCCH resource allocation flexibility. (supporting companies: Nokia)
Proposal 8e: When PUCCH and PUSCH are partially overlapped, following option could be considered. (Supporting companies: PANA)
· For slot-based-scheduling, 
· Option 1: If PUCCH starting symbol is earlier than PUSCH, PUCCH is not transmitted and UCI on PUCCH is multiplexed to PUSCH. If PUSCH starting symbol is earlier than PUCCH, PUCCH is not transmitted and UCI on PUSCH is multiplexed to PUSCH if processing time allow to transmit UCI on earlier PUSCH. Otherwise, drop PUSCH or PUCCH.
· Option 2: If PUCCH starting symbol is earlier than PUSCH, PUCCH is not transmitted and UCI on PUCCH is multiplexed to PUSCH. If PUSCH starting symbol is earlier than PUCCH, drop PUSCH or PUCCH.
· Option 3: Drop PUSCH or PUCCH. Which channel is prioritized could depend on traffic type (e.g., important traffic such as URLLC is prioritized than eMBB, HARQ-ACK is important than CSI).
· For non-slot-based scheduling,
· Option 3: Drop PUSCH or PUCCH. Which channel is prioritized could depend on traffic type (e.g., important traffic such as URLLC is prioritized than eMBB, HARQ-ACK is important than CSI).

Proposal 8f: UE should transmit PUSCH with higher priority and drop PUCCH either fully or partly when PUCCH and PUSCH partially overlap with different starting symbols, if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’. (Supporting companies: HW)
Proposal 8g: 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: QC, E///, Samsung)
Proposal 8h:  In case that the start symbols of PUSCH and PUCCH in a slot are not aligned, UCI multiplexing onto PUSCH is not applied and only the channel with an earlier start symbol is transmitted. If transmission of the late channel should be supported in Rel-15, a semi-static configuration to indicate which channel is prioritized and transmitted should be introduced. (Supporting company: Intel)
Proposal 8i: When a dynamic PUSCH partially overlaps with a PUCCH for dynamic HARQ-ACK, the channel scheduled by the later DCI is transmitted. (Supporting companies: OPPO)
-    If PUCCH is transmitted, PUSCH is punctured by PUCCH.
-    If PUSCH is transmitted and the starting symbol of PUCCH is before PUSCH, dynamic HARQ-ACK is piggybacked on PUSCH.
-    If PUSCH is transmitted and the starting symbol of PUSCH is before PUCCH, dynamic HARQ-ACK is dropped.
Since the above proposals which consider dropping based on priority are still diverged, to make a progress to close this topic, the following simple proposal for eMBB is tentatively suggested for consideration for NR Rel 15 maintenance. Other multiplexing/dropping rule can be considered for URLLC in agenda item 7.2.  
Possible consensus 8: 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) in agenda item 7.2
Overlapped multi-slot PUCCH/PUSCH 
Regarding how to handle overlap between multi-slot based PUCCH and PUSCH, there are two proposals as listed below.

Proposal 9a: UCI is multiplexed only within a single slot, determined by the UCI transmission timing, in case of a multi-slot PUSCH transmission. (supporting companies: Samsung)

Proposal 9b: In case of PUCCH/PUSCH repetition over multiple slots, (supporting companies: QC)
· if PUCCH starting symbol in the first repetition is aligned with PUSCH starting symbol in first repetition, PUCCH is piggybacked on PUSCH.
· if PUCCH starting symbol in the first repetition is earlier than PUSCH starting symbol in first repetition, 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

Possible consensus 9: In case of overlap between multi-slot PUCCH and multi-slot PUSCH, 
· if PUCCH starting symbol in the first slot is aligned with PUSCH starting symbol in first slot, PUCCH is multiplexed on PUSCH within the first slot. The multiplexed payload of UCI and UL-SCH is repeated over subsequent PUSCH slots.
· if PUCCH starting symbol in the first repetition is earlier than PUSCH starting symbol in first repetition, 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) in agenda item 7.2

Other issues/CRs
Offline consensus 10: (Supporting companies: Samsung)
-----------------------------------------------------------   Text Proposal Start ------------------------------------------------------
< Unchanged parts are omitted >
[bookmark: _Toc500953319]6.3.2.4.1.1	HARQ-ACK
…




-     if the DCI format scheduling the PUSCH transmission includes a CBGI field indicating that the UE shall not transmit the -th code block, =0; else,  is the -th code block size for UL-SCH of the PUSCH transmission.
…
[bookmark: _Toc500953320]6.3.2.4.1.2	CSI part 1
…




-     if the DCI format scheduling the PUSCH transmission includes a CBGI field indicating that the UE shall not transmit the -th code block, =0; else,  is the -th code block size for UL-SCH of the PUSCH transmission.
…
[bookmark: _Toc500953321]6.3.2.4.1.3	CSI part 2
…




-     if the DCI format scheduling the PUSCH transmission includes a CBGI field indicating that the UE shall not transmit the -th code block, =0; else,  is the -th code block size for UL-SCH of the PUSCH transmission.
…	
< Unchanged parts are omitted >
-----------------------------------------------------------   Text Proposal End  ------------------------------------------------------

Offline consensus 11: Ceiling operation should be applied for the UCI resource upper bound computation. (Supporting companies: CATT)








Conclusion: The current text in 38.212 v15.0.0 for mapping of CSI part 2 resolve the “FFS: how to map CSI part 2” in the following agreement made in RAN1 - 91
·  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
· 
Proposal 14: When frequency hopping is enabled for PUSCH, if HARQ-ACK and CSI part 1 (without CSI part 2) are multiplexed on on PUSCH without UL-SCH, the following equation is applied to split HARQ-ACK and CSI part 1 modulated symbols between two PUSCH hops
[image: ], [image: ], [image: ] and [image: ].
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