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Introduction
On the topic of UCI piggyback on PUSCH, there are still some open issues in this area such as the following: 
· How does UE determine the received UL grant is to trigger A-CSI without UL-SCH or with UL-SCH. 
· How does UE decide modulation order and code rate for UCI only on PUSCH without UL-SCH. 
· Whether it is supported 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. 
· If yes, how to determine the value of T_m for each modulation order m
· Partially overlapped PUCCH and PUSCH transmissions
In this contribution, remaining issues for multiplexing UCI on PUSCH are discussed. 
Remaining issues for UCI-only on PUSCH without UL-SCH
In the previous meetings, the following agreements on PUCCH were made [1].
Agreements:
For HARQ-ACK, CSI part 1, and CSI part 2 (if exists) transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 (exists), are determined as follows:






· [bookmark: OLE_LINK30]SE is the spectrum efficiency which is code rate * modulation order
· [bookmark: OLE_LINK25]FFS: 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. 
· 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


[bookmark: OLE_LINK22]The above remaining points should be solved since it can improve UCI transmission efficiency and avoid unnecessary complexity of UE. In the scenario, small payload size with high modulation order and large RB can happen for CSI-part 1 with certain configuration. It may be caused by too largeand a small SE resulting in excessively large. We should let UE treat it as an error case. This rule can also be applied for PUSCH with UL-SCH.

Also with current formula of , it is more likely to have extremely low coding rate for CSI-part2. This is because the part 2 will simply use all of the remaining REs. We had agreement that part 2 can drop some bits if it coding rate can not fulfil a ratio to part 1. But we do not treat case it have very low code rate. We suggest treating it same way as part 1 for simplicity.
[bookmark: OLE_LINK3][bookmark: OLE_LINK27]Proposal 1: UE is not expected to transmit A-CSI on PUSCH with or without UL-SCH, if the actual coding rate for CSI-part 1 or CSI-part 2 is smaller than T_m for a modulation order m.



As agreed, the SE is from the MCS table. For example, supposing Table 1 is used for the PUSCH transmission of the UE. For 16QAM (i.e.), there are 6 code rate candidates {378/1024,434/1024,490/1024,553/1024,616/1024,658/1024}, of which the lowest is 378/1024.  For normal data we have 378/1024 as , we can have  . The c can be a value less than 1. However, exact value can be determined based on. Same method can be generalized to other modulation orders.
Table 1: MCS index table for PUSCH
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	reserved

	30
	6
	reserved

	31
	8
	reserved



Proposal 2: For certain, T_m can be determined by the lowest data code rate from MCS table for that modulation order and beta factor.
The current specs define the Beta Factor as:
For HARQ-ACK transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as[image: C:\Users\10020442\AppData\Local\Temp\ksohtml\wpsD463.tmp.png], is determined as follows:
	[image: C:\Users\10020442\AppData\Local\Temp\ksohtml\wpsD492.tmp.png][image: C:\Users\10020442\AppData\Local\Temp\ksohtml\wpsD4D2.tmp.png]
where
-	[image: C:\Users\10020442\AppData\Local\Temp\ksohtml\wpsD502.tmp.png] is the number of HARQ-ACK bits;
-	[image: C:\Users\10020442\AppData\Local\Temp\ksohtml\wpsD531.tmp.png] is the number of CRC bits for HARQ-ACK bits;
-	[image: C:\Users\10020442\AppData\Local\Temp\ksohtml\wpsD561.tmp.png] is the number of bits for CSI part 1;
-	[[image: C:\Users\10020442\AppData\Local\Temp\ksohtml\wpsD591.tmp.png];]
By this definition in the above [ ], UE should assume the CSI part 1 transmission as the virtual UL-SCH while assigning the corresponding MCS in the DCI. This may not be necessary as the Beta Factor for CSI part 1 and ACK is commonly configured for case with or without UL-SCH. CSI part 1 can be actually higher than normal data and there is not fixed relation with ACK. If we don't have that dividing Beta of CSI-part 1, we can still assume a SE even UL-SCH is not transmitted. So, our preference is setting[image: C:\Users\10020442\AppData\Local\Temp\ksohtml\wps2E0E.tmp.png] . 


Proposal 3: For, we have.
Single-slot PUCCH overlapping with single-slot PUCCH/PUSCH in slot n
The following working assumption [1] is concluded in #92b meeting, still some unclear points to be discussed as see in FFS. We consider both the WA and FFS points in this section.
[bookmark: OLE_LINK4]Working assumption:
· [bookmark: OLE_LINK8]When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 
· 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 on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 
· [bookmark: OLE_LINK14]FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
· FFS: how to handle HARQ-ACK for semi-static PDSCH.
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.
· 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. 
· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.
Consideration on of X and Y under different multiplexing cases
There are a lot overlapping scenarios and we are not going to analyze case by case. The key point of a successful overlapping is that, if A and B are to be multiplexed, before preparation of A, some necessary information of B should be acquired. Those the necessary information can be the bits in B or the number of bits in B, depending on the adopted multiplexing method, which can be jointly encoding, rate matching or puncturing.
Below are three cases, Fig 3-1 shows the case when joint encoding is used. Before preparation of CSI, since jointly encoding is adopted, UE need to know the exact content of HARQ-ACK. It require that the time period N1 should end before the start of time period of N2, to guarantee the preparation of CSI will not be interrupted. Here N2 is the preparation time for PUCCH.
Except N1/N2, other processing time should be included in X/Y respectively. According to 38.214, X should at least include d1,1，d1,2，d1,3  as explained below
 If HARQ-ACK is transmitted on PUCCH, then d1,1 = 0,
-	If HARQ-ACK is transmitted on PUSCH, then d1,1 = 1.
-	If the UE is configured with multiple active component carriers, the value of d1,2 is equal to maximum timing difference between component carriers as given in [11, TS 38.133], otherwise d1,2 = 0.

-	If the PDSCH is mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211], and the last symbol of PDSCH is on the ith symbol of the slot where i<7, then .
-	otherwise d1,2 = 0.
And Y should at least include d2,1，d2,2 as explained below  
-	d2,1=1, since the first symbol of PUCCH format 2/3/4 always carry UCI information.
-	If the UE is configured with multiple active component carriers, the value of d2,2 is equal to maximum timing difference between component carriers as given in [11, TS 38.133], otherwise the value of d2,2=0.
Fig 3-2 shows a rate matching case. Before preparation of PUSCH, UE only need to know the bit number of the HARQ-ACK. Since UE always know the HARQ-ACK bits number, if any, in advance, UE can multiplex the HARQ-ACK bits to PUSCH as long as decoding of the DCI corresponding to the HARQ-ACK bits is prior to preparation of PUSCH. In Fig 2, that is X1>decoding time of DCI, where X1 is the time period from the last symbol of DCI to the start of PUSCH preparation. After decoding DCI, UE will be aware that a pre-known number of HARQ-ACK bits will be generated, and this information can be provided to prepare PUSCH in rate matching way. In this case the time period N1 doesn’t need to end before the start of time period of N2.
X/Y follows the same requirements as in Fig 1, except that d2,1 in Y follows exactly as in  38.214
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1=0, otherwise d2,1=1

Fig 3-3 shows a puncturing case. Before preparing PUSCH, UE does not need to know whether there are HARQ-ACK bits or not, the PUSCH can be punctured and multiplexed with the generated HARQ-ACK bits before the transmission of PUSCH. Thus X1 is not needed in this case and the requirements on N1/N2/X/Y are the same as Fig 3-2.


Fig 3-1


Fig 3-2


Fig 3-3
Proposal 4:
Multiplexing cases can be classified into three types based on the adopted multiplexing method, joint encoding, rate matching or puncturing type. In each type, N1/N2 should be considered with different time relations. 
When considering N1+X and N2+Y, X/Y should at least include d1,1，d1,2，d1,3  and Y should at least include d2,1，d2,2 as defined in TS 38.214.
Handling one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement
In our understanding, this is for the case that multiple PUSCHs are multiplexed in TDM manner in one slot. There are two cases that are shown below. 
Case a: one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
Case b: one PUCCH overlap with multiple PUSCHs, but some of them (e.g. the proir PUSCH) do not satisfy timeline requirement.
Currently WA cover case a. In this case and we can just consider the first PUSCH, e.g. an example is given in Fig 3-4, then UE can always multiplex UCI to the first PUSCH, and drop A/N PUCCH. Case b can actually optimize transmissions. But it will introduce more complicated conditions.


Fig 3-4
Proposal 5: For one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement, always multiplex UCI to the first PUSCH, and drop A/N PUCCH.
Handling HARQ-ACK for semi-static PDSCH
There are 3 possible cases as described in Fig 3-5/3-6/3-7.
In Fig 3-5, semi-static HARQ-ACK is multiplexed to dynamic PUSCH. Rate matching or puncturing can be used, similar to Fig 3-2/3-3. But X1 is replaced by X2, defined as the time period from the last symbol of PDSCH to the start of PUSCH preparation since DCI absence.
In Fig 3-6, semi-static HARQ-ACK is multiplexed to semi-static PUSCH. Rate matching or puncturing can be used, same as Fig 3-5.
In Fig 3-7, semi-static HARQ-ACK is multiplexed to periodic PUCCH. If joint encoding is used (that is UE has to know the accurate bits of the HARQ-ACK to prepare the transmitted PUCCH), it is the same as Fig 3-1. Most of the HARQ-ACK and SR/CSI multiplexing cases can be classified as joint encoding. But for SR/HARQ-ACK multiplexing in format 1, UE selects SR resource or HARQ-ACK resource to denote the multiplexed information, which is equal to puncturing case when it comes to time relations. So the time relations in Fig 3-3 can be applied here, with N2/Y defined as Fig 3-1. 


Fig 3-5


Fig 3-6



Fig 3-7
Proposal 6: In the three cases of HARQ-ACK for semi-static PDSCH, N1/N2 should consider different time relations with different multiplexing method.
Handling semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH
There are 3 possible cases as described in Fig 3-8/3-9/3-10.
In Fig 3-8, semi-static HARQ-ACK/SR is multiplexed to periodic CSI PUCCH. Joint encoding can be used. Before preparation of CSI, SR bit should be acquired, which has the same logic as Fig 3-1. We introduce N3 as the time to prepare SR bit, the time period N3 needs to end before the start of time period of N2. X/Y follows the same definition as Fig 3-1.
In Fig 3-9, P-CSI is multiplexed to semi-static PUSCH. Rate matching can be used, same as Fig 2. We introduce N4 as the time to prepare CSI bits, the time period N4 doesn’t need to end before the start of time period of N2. X/Y follows the same definition as Fig 3-2.

[bookmark: _GoBack]In Fig 3-10, semi-static SR PUCCH is multiplexed to semi-static PUSCH. In this case, SR PUCCH is dropped
Fig 3-8


Fig 3-9


Fig 3-10
Proposal 7: In semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH case, N3 (N4)/N2 has different time relations with different multiplexing method.
UCI multiplexing for URLLC
We did focus on UCI multiplexing for eMBB most is in case the starting symbol of PUCCH and PUSCH is the same. It is further applied to partial overlapping by some timing condition.  All those did not specifically consider the cases of eMBB or UCI multiplexing for URLLC w/ or w/o eMBB coexistence. We also need to clarify on URLLC, and list some cases to be discussed for URLLC UCI multiplexing w/ or w/o eMBB service.
In the case without clarification and specific design, UE configured with simultaneous eMBB and URLLC services seem can not be well supported.
Conclusion
In this contribution, based on the discussion, we made following proposals:
Proposal 1: UE is not expected to transmit A-CSI on PUSCH with or without UL-SCH, if the actual coding rate for CSI-part 1 or CSI-part 2 is smaller than T_m for a modulation order m.

Proposal 2: For certain, T_m can be determined by the lowest data code rate from MCS table for that modulation order and beta factor.


Proposal 3: For, we have.
Proposal 4:
Multiplexing cases can be classified into three types based on the adopted multiplexing method, joint encoding, rate matching or puncturing type. In each type, N1/N2 should be considered with different time relations. 
When considering N1+X and N2+Y, X/Y should at least include d1,1，d1,2，d1,3  and Y should at least include d2,1，d2,2 as defined in TS 38.214.
Proposal 5: For one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement, always multiplex UCI to the first PUSCH, and drop A/N PUCCH.
Proposal 6: In the three cases of HARQ-ACK for semi-static PDSCH, N1/N2 should consider different time relations with different multiplexing method.
Proposal 7: In semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH case, N3 (N4)/N2 has different time relations with different multiplexing method.
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