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On the topic of UCI piggyback on PUSCH, many agreements are made in RAN1 91 [1] and RAN1 AH 1801 [4]. However, there are still some open issues in this area such as the following: 
· How to fill empty reserved REs when 0/1 bit and CSI part 1 only multiplexed on PUSCH
· number of REs calculation for UCI on PUSCH without UL-SCH, 
· modulation order determination for UCI on PUSCH without UL-SCH, 
· CSI part 2 omitting rule when piggybacked on PUSCH without UL-SCH, 
· partially overlapped PUCCH and PUSCH, 
· UCI multiplexing on PUSCH with PUCCH/PUSCH repetition, 
· UCI multiplexing on type B PUSCH (mini-slot based), etc.  

In this contribution, remaining issues for multiplexing UCI on PUSCH are discussed. 
[bookmark: _Ref471731770][bookmark: _Ref462669569]UCI on PUSCH without UL-SCH
Fill empty reserved REs
In RAN1 AH 1801 [4], it is agreed that “When UE determines to transmit 0, 1, or 2 HARQ-ACK bits, the amount of reserved REs for HARQ-ACK is calculated assuming 2-bits HARQ-ACK, along with the beta_offset determined for the particular transmission” and “In case the number of HARQ-ACK bits determined at UE is less than 2, the modulated HARQ-ACK symbols are mapped to a subset of the reserved REs”. The agreement makes sure with fallback DCI 0-0 where no UL DAI is available, eNB does not need to do blind decoding to test multiple hypothesis of CSI part 1 starting position. 
In RAN1 91 [1], it is agreed CSI part 1 is not mapped to those reserved tones to make sure CSI part 1 is not punctured by HAARQ-ACK. This make sure CSI part 1 decoding performance in all cases. However, in a corner case where only CSI part 1 and 0/1 bit HARQ-ACK is piggybacked on PUSCH without UL-SCH, since the tone reservation for HARQ-ACK assumed 2 bits HARQ-ACK while the actual transmitted HARQ-ACK is 0 or 1 bit, some reserved tones will be empty in this case. 
The way to fix this issue is very simply. We can just fix the empty tones with a dummy duplication of CSI part 1. To clarify, this solution does not mean to map “regular” CSI part 1 to reserved REs, which not only violate previous agreements but lead to ACK puncture CSI part 1. With the solution, the procedure to map “regular” CSI part 1 to REs is still the same as defined in 38.212 [6]. What proposed is that, in addition to map “regular” CSI part 1 after reserved REs, create a “duplication” of CSI part 1. The “duplicated” CSI part 1 is encoded and mapped to reserved REs, as if it is CSI part 2 or UL-SCH. Then actual HARQ-ACK punctures the all (if 2 bits HARQ-ACK) reserved tones, or a subset of reserved tones (if 1 bit HARQ-ACK), or none reserved tones (if 0 bit HARQ-ACK).  
In this case of 0/1 bit HARQ-ACK with CSI part 1, one advantage of using CSI part 1 to fill empty reserved tones is that it can help eNB to do DTX detection, in case the UL grant is scheduled with fallback DCI. Once eNB detected this duplicated version of CSI part 1 in reserved tones, eNB detects the DTX event. Another advantage of this solution is that, in case UL grant is scheduled with non-fallback DCI, eNB knows some reserved tones are filled with “duplicated” copy of CSI part 1. eNB can combine the LLRs of “regular” CSI part 1 and “duplicated” copy of CSI part 1 to improve CSI part 1 performance. 
 Proposal 1: 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. 
Number of REs calculation for UCI on PUSCH without UL-SCH
In RAN1 91 [1], 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 using CSI part 2 assuming rank 1 as the reference to calculate the resources for HARQ-ACK and CSI part 1. Furthermore, for HARQ-ACK, similar to what is agreed in RAN1 AH 1801 [4], an upper bound factor is utilized to cap the resource assigned to HARQ-ACK to make sure CSI part 1/2 gets a fraction of 1-of total resources. Since the size of CSI part 2 can be zero, there is no need to further cap the resources assigned to CSI part 2. 



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:







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

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



-	 is the number of CRC bits for 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 [6]. 




Proposal 2: 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:







-	  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 [6] for UCI piggyback on PUSCH with UL-SCH. 
[bookmark: _Ref506384512]Modulation order determination for UCI on PUSCH without UL-SCH
There are two aspects need to be addressed regarding modulation order determination for UCI on PUSCH without UL-SCH.
· How does UE determine the received UL grant is to trigger A-CSI without UL-SCH or with UL-SCH. 
· How to does UE decide modulation order for UCI only on PUSCH without UL-SCH. 

There were a few solutions provided in [5] which are listed below.  
· Option A: A DCI format scheduling PUSCH includes an ‘UL-SCH indicator’ field of 1 bit. 
· Option B: Reuse the NDI, RV and MCS fields in DCI to trigger CSI on PUSCH without UL-SCH data 
· 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.
· Option C: When piggybacked on PUSCH without UL-SCH, 
· 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. 
Option A adding a specific field of 1 bit in UL DCI to indicate the PUSCH is with UL-SCH or not. The solution can work but introduced unnecessary overhead to DCI. Option B and C both can save the 1 bit overhead by allow implicit signalling. The drawbacks of option B are the following
· NDI toggle is not memoryless. When UE switch to a new BWP, there is no previous transmission to compare NDI with. Therefore, eNB cannot trigger A-CSI report right away after switch BWP, which however should be the right thing to do because eNB may want to get a CSI report right after switch BWP before schedule DL transmission. Another issue with NDI memory is that UE can mis-interpret retransmission DCI as CSI-only on PUSCH or vice versa when UE missed DCI, because UE has a confusion which DCI is the previous DCI that it should compare with the decide NDI toggled or not. 
· Since all four special MCS entries {[28], 29, 30, 31} are utilized to share between signalling retransmission vs A-CSI only, all four MCS can be impacted by the NDI memory issue. 
· All HARQ IDs can be potentially used to signal A-CSI only, the memory issue on NDI toggle can occur on every HARQ ID. 

The idea of option C is using a certain combination (NDI=0, RVID=1, HARQ=7 or 15, MCS=31) to signal no UL-SCH. The reason to choose RVID =1 is because RVID=1 is least likely used. (RVID 0/3 are self-decodable. RVID 2 performance is slightly better than 1. LTE RVID sequence is 0,2,3,1). If UE sees this certain combination of (NDI=0, RVID=1, HARQ= 7 or 15, MCS=31), UE interpret the DCI as trigger for CSI without UL-SCH. The decision of There is no issue of mis-interpretation due to misdetection of previous DCI. The drawback of option C is that this particular combination can not be used for ReTx. Considering there are 4 RVID, 4 MCS, and 16 HARQ IDs eNB can use for ReTx, the impact of this limitation is acceptable. Comparing to option B where the interpretation can happen with every HARQ ID, every MCS, every NDI value, option C is more preferable. 


With option C, based on payload size of HARQ-ACK, CSI part 1, UE can calculate the spectrum efficiency for HARQ-ACK and CSI part 1 respectively, which are denoted as  and . Since only one common modulation order is supported for UCI on PUSCH without UL-SCH, UE determines the target spectrum efficiency for UCI as 






Then, in an MCS table such as Table 6.1.4.1-1 in 38.214 [7], UE finds the MCS entry whose spectrum efficiency is closest to . The modulation order associated with that MCS is determined as modulation for UCI on PUSCH without UL-SCH. For example, if 10 bits HARQ-ACK is with assigned 20 REs for HARQ-ACK, 40 bits CSI part 1 is assigned with 50 REs.  It is straightforward to see and . Therefore, it is decided. In Table 6.1.4.1-1 in 38.214 [7], the closest spectrum efficiency is 0.7402, which give MCS 5 and modulation order of QPSK.


The reason that CSI part 2 is not involved in modulation determination is because the size of CSI part 2 is unknow to the eNB. The determined is applied to CSI part 2 as well on UE side. In case is not high enough to fit all CSI part 2 payload, omitting as described in Section 2.4 is applied to CSI part 2. 
The reason it is preferred to allow UE to determine the modulation order rather than eNB signalling the modulation order is because of the significant different between with and without UL-SCH on PUSCH. With UL on PUSCH, the TB size is determined based on MCS and RB allocation. Therefore, UE does not need to support and test meaningless combinations of TB size and modulation order such as very small TB with very large RB allocation and high modulation order, e.g., 10 bits payload with 10 RB and 256QAM. This weird combination never happens with UL-SCH on PUSCH, because the derived TB size is relatively large and meaningful. However, for UCI-only on PUSCH without UL-SCH, the payload size is not derived from MCS and RB allocation. The payload size is determined by UE already by another method such as UL DAI for HARQ-ACK. If following the MCS signalled by eNB, UE can cannot exclude those strange combinations of small payload size with very high modulation order and large RB allocation, if signalled by eNB. It does not make sense to force UE vendors to support those useless combinations, which drastically increased the test cases for UE vendors to support and test. 


Table 6.1.4.1-1 in 38.214 [7]: MCS index table for PUSCH with transform precoding and 64QAM
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate x 1024
R
	Spectral
efficiency

	0
	1
	240
	0.2344

	1
	1
	314
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4 
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	466
	2.7305

	18
	6 
	517
	3.0293

	19
	6
	567
	3.3223

	20
	6
	616
	3.6094

	21
	6
	666
	3.9023

	22
	6
	719
	4.2129

	23
	6
	772
	4.5234

	24
	6
	822
	4.8164

	25
	6
	873
	5.1152

	26
	6
	910
	5.3320

	27
	6
	948
	5.5547

	28
	1
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



Proposal 3: When piggybacked on PUSCH without UL-SCH, 
· 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. 
· 

[bookmark: _Ref506392609]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
[bookmark: _Ref506417071]CSI part 2 omitting rule for UCI on PUSCH without UL-SCH

In case if the CSI part2 size is too large to fit into the assigned CSI part 2 REs, omitting is applied to CSI part 2. Similar to CSI part 2 omitting rule when UCI is piggyback on PUSCH with UL-SCH, the payload of CSI part 2 can be dropped level by level until the coding rate is smaller than a threshold code rate . 
For UCI on PUSCH with UL-SCH, the threshold code rate is defined as following in 38.214 [7].



-	 is the target PUSCH code rate from Table 6.1.4.1-1.

-	 is the CSI offset value from Table 9.3-2 of [6, TS 38.213].

The above equation cannot be reused for UCI on PUSCH without UL-SCH because in DCI is meaningless here. The target PUSCH code rate should not be used as reference for CSI part 2 because there is no UL-SCH transmission. 

Using CSI part 1 actual code rate calculated at UE as described in Section 2.3, the threshold code rate can be defined as the following


where

-	 is the code rate for CSI part 1 calculated based CSI part 1 payload size and allocated number of REs to CSI part 1

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

Proposal 4: 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



-	 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
PTRS determination for UCI on PUSCH without UL-SCH


To determine the PTRS setting such as density and other parameters, after UE calculated the spectrum efficiency and , UE determines the target spectrum efficiency for UCI as 



Then similar to modulation order determination, in an MCS table such as Table 6.1.4.1-1 in 38.214 [7], UE finds the MCS entry whose spectrum efficiency is closest to . Then use that MCS entry to link to PTRS parameters setting, following the same linkage procedure as in regular PUSCH transmission.  
Proposal 5: When UCI piggyback on PUSCH without UL-SCH, UE derives the time density of PTRS based on calculated spectrum efficiency.  
· 
In an MCS table, UE finds the entry with target spectrum efficiency closest to . The found MCS entry is utilized to determine the time density of PTRS.
[bookmark: _Ref506455778]Partially overlapped PUCCH and 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 1. 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. In case C, at first glance, it seems PUCCH transmission timeline is relaxed, since PUCCH transmission is delayed by piggybacking. However, this observation is not true. Piggybacking PUCCH on later PUSCH may actually tighten PUCCH Tx timeline because UE may need to wait until decode UL grant to know there is a later PUSCH. Or UE have to drop already prepared PUCCH waveform, because a later received PUSCH grant suggest UE to piggyback UCI on PUSCH. 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 a simple rule of “first come first service”. In other words, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. 


[bookmark: _Ref503452774]Figure 1: Partial overlap of PUSCH and PUCCH with different starting symbol
On the other hand, as shown in Figure 2, when PUCCH and PUSCH partially overlap with aligned starting symbol but different ending symbol, there is no timeline impact if PUCCH is piggybacked on PUSCH. One concern of piggyback for case B is when allocated PUSCH RBs is relatively small, in case PUCCH payload size is large, performance of PUSCH may be impacted due to piggyback. However, eNB scheduler should be aware of this issue and should assign enough resources to PUSCH to guarantee PUSCH performance.


[bookmark: _Ref506454265]Figure 2: Partial overlap of PUSCH and PUCCH with the same starting symbol

Proposal 6: When a PUCCH overlap with a PUSCH with the same starting symbol but different ending symbol, PUCCH is piggybacked on PUSCH.
Proposal 7: 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
UCI multiplexing on mini-slot based PUSCH 
with mini-slot based PUSCH, one PUCCH can partially colliding with two or more mini-slot based PUSCH. Furthermore, since NR allows two PUCCH transmissions in one slot, the partial overlap pattern could be very complicated, as shown in Figure 3. To avoid impact UE TX processing time, the piggyback or dropping rule defined in Section 3 can be applied. As shown in Figure 3, the rule provides a clean and easy to implement solution to this complicated problem.  


[bookmark: _Ref506455492]Figure 3: Partial overlap of PUCCHs with mini-slot based PUSCHs
UCI multiplexing on PUSCH with PUCCH/PUSCH repetition
Another issue needs to be addressed is how to handle UCI multiplexing on PUSCH when PUCCH/PUSCH or both have repetitions over multiple slots. For the clarity of discussion, the issue is categorized into three different scenarios as shown in Figure 4.
1. Multi-slot PUCCH overlap with single slot PUSCH
2. Single slot PUCCH overlap with multi-slot PUSCH
3. Multi-slot PUCCH overlap with multi-slot PUSCH

The design principle here should be develop a unified rule among all the three scenarios and the same rule between with and without repetition for PUCCH/PUSCH. Following this design principle, the “first come first serve” rule define in Section 3 can be applied here, which again leads to a clean and easy to implement solution to this complicated problem. In details, UE check the starting symbol of the first repetition of PUCCH vs the starting symbol of the first repetition of PUSCH to make the decision. if PUCCH starting symbol in the first repetition is aligned with PUSCH starting symbol in first repetition, piggyback PUCCH 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.


[bookmark: _Ref506457964]Figure 4: Partial overlap of PUCCH and PUSCH with repetitions over multiple slots
Another option to keep common rule between with and without repetition is comparing at the starting symbol of PUCCH and PUSCH independently in each overlapped slot and make decision for each slot individually. This rule may lead to partial repetition of a channel in many cases as illustrated in Figure 5. The resulting partial repetition does not make sense because repetition is scheduled by eNB for the sake of guarantee the channel can get through in link budget limited cases. UE supposes to finish all repetitions of the channel, if starts to transmit it. Transmitting part of repetitions then dropping part of them seems unreasonable. Due to this rationale, this option is not preferred. 


[bookmark: _Ref506460080]Figure 5: Independent dropping/multiplexing rule in each slot
Proposal 8: In case of PUCCH/PUSCH repetition over multiple slots, if PUCCH starting symbol in the first repetition is aligned with PUSCH starting symbol in first repetition, PUCCH is piggybacked on PUSCH.
Proposal 9: In case of PUCCH/PUSCH repetition over multiple 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) based on priority ordering
Schedule A-CSI with UL fall back DCI 0_0
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 10: Add 1 bit CSI request field in DCI 0_0. 
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
For UCI piggyback on PUSCH, we have the following proposals.
Proposal 1: 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. 



Proposal 2: 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:







-	  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 [6] for UCI piggyback on PUSCH with UL-SCH. 
Proposal 3: When piggybacked on PUSCH without UL-SCH, 
· 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

Proposal 4: 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



-	 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
Proposal 5: When UCI piggyback on PUSCH without UL-SCH, UE derives the time density of PTRS based on calculated spectrum efficiency.  
· 
In an MCS table, UE finds the entry with target spectrum efficiency closest to . The found MCS entry is utilized to determine PTRS parameters setting.
Proposal 6: When a PUCCH overlap with a PUSCH with the same starting symbol but different ending symbol, PUCCH is piggybacked on PUSCH.
Proposal 7: 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

Proposal 8: In case of PUCCH/PUSCH repetition over multiple slots, if PUCCH starting symbol in the first repetition is aligned with PUSCH starting symbol in first repetition, PUCCH is piggybacked on PUSCH.
Proposal 9: In case of PUCCH/PUSCH repetition over multiple 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) based on priority ordering

Proposal 10: Add 1 bit CSI request field in DCI 0_0. 
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