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1. Introduction
In RAN1 #92bis meeting, there was discussion on UCI multiplexing on PUCCH/PUSCH and the following working assumption and agreements were made [1].
	Working assumption:
· 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. 
· 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.
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:






· SE is the spectrum efficiency which is code rate * modulation order
· 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


In this contribution, we provide our views on the remaining issue on UCI multiplexing on PUSCH or PUCCH.

2. Discussion
2.1. UCI only PUSCH without UL-SCH
For triggering of UCI only PUSCH without UL-SCH, two schemes have been proposed: 1) an implicit indication using special combination of existing fields in DCI and 2) an explicit indication based on adding new DCI bit. In our perspective, UCI only PUSCH without UL-SCH has almost similar function as transmitting UCI on PUSCH-like PUCCH. Therefore, introducing additional bits in DCI can be a way to unnecessarily increase the signaling overhead compared to the utility it provides. So, we prefer to use implicit indication for triggering UCI only PUSCH without UL-SCH. More specifically, the combination of CSI request = ‘on’, IMCS∈{28, 29, 30, 31} and RV = 1 can be used to trigger UCI only PUSCH without UL-SCH. It should be noted that the limitation on the number of PRBs is excluded from the triggering condition, since it may not appropriate in NR which supports flexible time domain resource allocation. Nevertheless, there would be no significant limitations on scheduling since it is hardly expected that PUSCH is retransmitted with RV=1 and A-CSI transmission is requested on the PUSCH.
Proposal #1: 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.

As a related topic, it should be also discussed how the number of REs for each UCI type is determined in case of UCI only PUSCH without UL-SCH. In case of UCI on PUSCH with UL-SCH, the number of REs for UCI can be calculated based on TBS (transport block size). However, in case of UCI only PUSCH without UL-SCH, there is no data to be transmitted. To resolve this issue, one way is to indicate MCS index even for the UCI only PUSCH case. For example, MCS index (5 bits) can be indicated by using HARQ ID (4 bits) and NDI (1 bit) which are unused bit field(s) in the UCI only PUSCH case. Then, the same equation for UCI on PUSCH with UL-SCH can be reused to determine the number of REs for UCI on the UCI only PUSCH. Or, as another way, PUSCH code rate can be indicated directly in the DCI triggering UCI only PUSCH. Then, the PUSCH code rate can be used to determine the number of REs for UCI on the UCI only PUSCH. It can be also used for determining the threshold code rate for CSI part 2 omission.
Proposal #2: For UCI only PUSCH without UL-SCH, unused bit field(s) in DCI can be reinterpreted to indicate MCS index or PUSCH code rate.

Moreover, there could be a case where UCI only PUSCH without UL-SCH carries single-part CSI. In the current specification, however, the determination of the number of UCI REs for UCI only PUSCH without UL-SCH in case with single-part CSI is missing. One simple and reasonable way for this case is to allocate the remaining REs in the PUSCH after the HARQ-ACK RE mapping for CSI. Regarding this, the following equation can be used.


where
·  and  are the payload sizes and CRC bits size of HARQ-ACK, respectively
·  and  are the numbers of coded modulation symbols per layer for HARQ-ACK and CSI, respectively
·  is the beta offset values for HARQ-ACK, respectively
·  is the number of available REs for UCI on PUSCH in the OFDM symbol index l
·  is the symbol index of first available non-DMRS symbol after the first DMRS symbol(s).
·  is the PUSCH coding rate
Proposal #3: When UCI only PUSCH without UL-SCH carries single-part CSI, the following equations are used for determination of the number of UCI RE(s) on PUSCH.


where
·  and  are the payload sizes and CRC bits size of HARQ-ACK, respectively
·  and  are the numbers of coded modulation symbols per layer for HARQ-ACK and CSI, respectively
·  is the beta offset values for HARQ-ACK, respectively
·  is the number of available REs for UCI on PUSCH in the OFDM symbol index l
·  is the symbol index of first available non-DMRS symbol after the first DMRS symbol(s).
·  is the PUSCH coding rate

2.2. UCI multiplexing on PUCCH/PUSCH
In the previous meeting, it was agreed as a working assumption that UE decides whether to multiplex all UCIs for overlapping PUCCH and/or PUSCH in a slot or not based on the two timeline conditions [1]. The first timeline condition is set in order for guaranteeing the processing time until HARQ-ACK transmission after PDSCH reception, and more specifically, HARQ-ACK transmission should be performed after a certain time T1 (= N1+X) from the last symbol of PDSCH(s) corresponding to HARQ-ACK. In this regard, the first timeline condition should be applied to the PUCCH or PUSCH resource selected as a “container” to transmit the multiplexed UCI including HARQ-ACK. However, in the current working assumption, the first timeline condition is just applied to the earliest PUCCH or PUSCH among overlapping PUCCH/PUSCH resource(s) which may not be the actual UL resource (i.e., container) carrying HARQ-ACK. For example, consider a situation where PUCCH resource for HARQ-ACK only is indicated by DCI and it is the earliest one among overlapping PUCCH/PUSCH resource(s). Given that, assuming that all UCI(s) are multiplexed on one PUCCH, a new PUCCH resource would be selected according to the total UCI payload size and it can start even earlier than the PUCCH resource for HARQ-ACK only. Then, the processing time for HARQ-ACK may not be guaranteed as depicted in Figure 1. Similarly, for the second timeline condition which is set for the preparation time T2 (= N2+Y) before UL transmission, it should be also required to consider the actual PUCCH resource (i.e., container) used to transmit the multiplexed UCI which may be different from the overlapping PUCCH resources.

[image: cid:image011.png@01D3E79C.D537BA70]
Figure 1. Example on the two timeline conditions: HARQ-ACK and CSI

Moreover, for the values of X in the first timeline condition, it should be noted that there are already specified timeline conditions for PDSCH processing procedure in the current specification as follows [2].
	5.3	UE PDSCH processing procedure time

If the first uplink symbol of the physical channel which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after   after the end of the last symbol of the PDSCH carrying the TB being acknowledged. 
-	N1 is based on µ of table 5.3-1 that corresponds to the min (µDL, µUL) where the µDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.41 of [4, TS 38.211] If the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1 value follows from the second column of table 5.3.1; otherwise, the N1 value follows from the first column of table 5.3-1.
-	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 first uplink symbol which carries the HARQ-ACK information further includes the effect of timing difference between the component carriers as given in [11, TS 38.133]..

-	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 , 
-	If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], and

[bookmark: _Hlk512525681]-	if the number of PDSCH symbols allocated is 4, then 

-	if the number of PDSCH symbols allocated is 2, then + the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-	otherwise d1,2 = 0.


Referring to this, the X value can be set to  while the Y value can be set to 0 considering that the UL (e.g., PUSCH) preparation time N2 would be enough. Considering all of the above, we propose the following updates for the working assumption.
Proposal #4: 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 PUCCH(s)/PUSCH(s) determined to transmit all multiplexed UCIs, starts no earlier than symbol N1+X after the last symbol of PDSCH(s)
· The value of X is set to  where the definition of  and  follows the same definition in current NR spec.
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the channel determined to transmit all multiplexed UCIs 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 behaviour is not specified.

3. Conclusion
In this contribution, we discussed the remaining issues on UCI multiplexing on PUSCH, and the followings are proposed:
Proposal #1: 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.
Proposal #2: For UCI only PUSCH without UL-SCH, unused bit field(s) in DCI can be reinterpreted to indicate MCS index or PUSCH code rate.
Proposal #3: When UCI only PUSCH without UL-SCH carries single-part CSI, the following equations are used for determination of the number of UCI RE(s) on PUSCH.


where
·  and  are the payload sizes and CRC bits size of HARQ-ACK, respectively
·  and  are the numbers of coded modulation symbols per layer for HARQ-ACK and CSI, respectively
·  is the beta offset values for HARQ-ACK, respectively
·  is the number of available REs for UCI on PUSCH in the OFDM symbol index l
·  is the symbol index of first available non-DMRS symbol after the first DMRS symbol(s).
·  is the PUSCH coding rate
Proposal #4: 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 PUCCH(s)/PUSCH(s) determined to transmit all multiplexed UCIs, starts no earlier than symbol N1+X after the last symbol of PDSCH(s)
· The value of X is set to  where the definition of  and  follows the same definition in current NR spec.
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the channel determined to transmit all multiplexed UCIs 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 behaviour is not specified.
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