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Introduction
Regarding UCI multiplexing on PUSCH, some of the agreements achieved in the previous meetings [1, 2] are listed below: 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Agreements:
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.

Agreements:
· In case a single slot PUCCH overlap with a multi-slot PUSCH transmission 
· 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 
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Agreements:
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signalled in DCI.
· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signalled.

Agreements:
· 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

	
	*
	
	· 
	Drop A-CSI-only on PUSCH, transmit SR on PUCCH. (follow LTE approach)

	
	*
	*
	*
	Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK on PUCCH. (follow LTE approach) 

	*
	
	
	*
	Drop SP-CSI on PUSCH, transmit SR on PUCCH (follow LTE approach)

	*
	
	*
	*
	Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR on PUCCH (follow LTE approach)



· The symbol “*” in SR means when SR is positive
· FFS when the starting symbols among UL transmissions are different in the above scenarios.

Agreements:
· 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
· FFS
· Note: this replaces the MIMO agreements made earlier

[bookmark: OLE_LINK6]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.

Therefore, in this contribution, we give analysis and discussion on the remaining issues on UCI multiplexing on PUSCH. This is a revised contribution from R1-1806337 with updated proposals in Table 1, shown in blue.


Discussion

In general, some of the FFS issues are regarding the cases that the starting symbols of different channels are not aligned. Some other remaining issues are still regarding the timeline requirement, which share some commonality with PUCCH/PUCCH multiplexing. Furthermore, multi-slot cases have not been fully address yet.
To facilitate the discussion, Table 1 summarizes the possible multiplexing cases and corresponding solutions when multiple uplink resources overlap within a single-slot.
 
[bookmark: _Ref514230317]Table 1 Analysis on UCI multiplexing with PUSCH* 
	
	Dynamically scheduled PUSCH with UL-SCH
	Semi-statically configured PUSCH with UL-SCH

	HARQ-ACK PUCCH resource
	Piggyback HARQ-ACK on PUSCH if timeline requirement is satisfied
	Piggyback HARQ-ACK on PUSCH if timeline requirement is satisfied

	SR PUCCH resource
	Puncture PUSCH for positive SR transmission if starting symbols are not aligned or timeline requirement is not met; Otherwise, piggyback SR on PUSCH
	Puncture PUSCH for positive SR transmission if starting symbols are not aligned or timeline requirement is not met; Otherwise, piggyback SR on PUSCH

	P/SP-CSI on PUCCH
	Piggyback CSI on PUSCH
	Piggyback CSI on PUSCH

	SP-CSI only on PUSCH without UL-SCH
	Follow the current agreement to drop SP-CSI
	Follow the current agreement to drop SP-CSI

	A-CSI only on PUSCH without UL-SCH
	Error case
	Drop PUSCH with UL-SCH


Note*: It is assumed that PUCCH or PUSCH resources for UCI and PUSCH with UL-SCH overlap in time domain but have different frequency-domain resource allocation.

It is noted that the proposals in Table 1 include overlapping cases of starting symbols are aligned and not aligned. 
Figure 1 illustrates an example that multiplexes URLLC SR with PUSCH when starting symbols of SR PUCCH resources are not aligned with a starting symbol of PUSCH. Since UE prioritizes URLLC SR transmissions over a slot-based PUSCH transmission and UE may not know whether to transmit SR or not while preparing a transport block of PUSCH, for a positive SR, the UE punctures the on-going PUSCH transmission and multiplexes the SR transmission on the punctured resource elements. At a gNB receiver, gNB first performs detection of SR on resource elements (REs) within PUSCH which can be used for SR transmission by UE. If gNB detects a positive SR, gNB performs PUSCH demodulation with taking into account the punctured REs. If a negative SR is detected, all REs of the PUSCH resource are used for demodulation.  

If starting symbols of PUSCH and K SR PUCCH(s) are aligned and the timeline requirement is met, UE multiplexes  bits representing a negative or positive SR for each of K SR PUCCH(s) in the PUSCH, similar to multiplexing of HARQ-ACK bits in the PUSCH. 



[bookmark: _Ref514100444]Figure 1 Illustration for multiplexing of SR PUCCH resources and PUSCH

Proposal 1: If UCI transmission overlaps with PUSCH transmission with UL-SCH within a single-slot, adopt the proposals in Table 1. 

It has been agreed that in case a single slot PUCCH overlap with a single/multiple slot(s) PUSCH with the same starting symbol in a slot, UCI is piggybacked on PUSCH with the same multiplexing rules defined for fully overlapping case.
Therefore, the following remaining cases need to address:

Multiple slot PUCCH overlap with single slot PUSCH
In this case, two options can be considered:
(a) Piggyback the UCI in the overlapped single slot PUSCH. Drop the PUCCH transmission in the overlapped slot. PUCCH transmission in the non-overlapped slot is not impacted.
(b) Not piggyback the UCI in the overlapped single slot PUSCH. Drop the PUCCH transmission in the overlapped slot. PUCCH transmission in the non-overlapped slot is not impacted.
Option (a) has one more slot UCI transmission which may benefit the performance through potential time diversity gain but can not contribute decoding combination gain with other duplicates in the PUCCH repetition. The PUSCH performance is degraded compared with (b). Option (b) gives better PUSCH performance while losing some portion of UCI transmission energy. Considering dropping one of the PUCCH repetition has no substantial impact and option (b) provides much simpler solution, we propose to adopt option (b). 

Proposal 2: When multiple slot PUCCH overlap with single slot PUSCH, if the timeline requirement in the working assumption is satisfied, drop the PUCCH transmission in the overlapped slot. The PUCCH transmission in other slots are not impacted.

Multiple slot PUCCH overlap with multiple slot PUSCH
From the perspective of gNB scheduling implementation, this case should be avoided as much as possible in our opinion. It will lead to unnecessary UE implementing complexity and may degrade the PUSCH performance in all the overlapped slots if adopting UCI piggybacking.
To look into this case in more details, if overlapping happens in only one or minor slot(s), dropping either one of them in that slot is the most preferable solution. However, if the overlapping happens in multiple slots, dropping operation may impact the performance severely. It is noted that, at this moment, it is difficult to nail down an agreeable value of overlapped slots as a threshold to determine when UE should piggyback UCI in the PUSCH. 
Proposal 3: When multiple slot PUCCH overlap with multiple slot PUSCH, if the timeline requirement in the working assumption is satisfied, piggyback UCI on PUSCH in the overlapped slots using existing multiplexing rules. The PUCCH and PUSCH transmission in other slots are not impacted.

On indication for A-CSI only without UL-SCH on PUSCH
Regarding UCI only on PUSCH without UL-SCH, we have the remaining issues on the FFS bullets:
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signaled.

In LTE, A-CSI only without UL-SCH or multiplexing with UL-SCH is implicitly indicated by IMCS and PRB allocation. If the indicated MCS level lies in the reserved entries and the allocation PRB number is smaller than a certain value, then there is no transport block for the UL-SCH and only the control information feedback is transmitted by UE. 
To address the above remaining issues, in our opinion, it is a straight forward way to add one bit in DCI to explicitly indicate A-CSI only without UL-SCH and use the MCS levels to indicate the modulation and coding rate.
Proposal 4: Add one bit in DCI to explicitly indicate the A-CSI only without UL-SCH on PUSCH and use the MCS field to indicate the modulation and coding rate.

 
Conclusions
In this contribution, we provide our views on remaining issues of UCI multiplexing with PUSCH. To sum up the discussion and proposals:
Proposal 1: If UCI transmission overlaps with PUSCH transmission with UL-SCH within a single-slot, adopt the proposals in Table 1. 
Proposal 2: When multiple slot PUCCH overlap with single slot PUSCH, if the timeline requirement in the working assumption is satisfied, drop the PUCCH transmission in the overlapped slot. The PUCCH transmission in other slots are not impacted.
Proposal 3: When multiple slot PUCCH overlap with multiple slot PUSCH, if the timeline requirement in the working assumption is satisfied, piggyback UCI on PUSCH in the overlapped slots using existing multiplexing rules. The PUCCH and PUSCH transmission in other slots are not impacted.

References	
Chairman’s Notes of 3GPP TSG RAN WG1 #92 meeting, Athens, Greece, February, 2018
Chairman’s Notes of 3GPP TSG RAN WG1 #92bis meeting, Sanya, China, April, 2018


6

image2.emf
PUSCH 

for UE1

URLLC SR resources configured 

for UE1, shown in blue 

puncturing of PUSCH if URLLC SR is transmitted


oleObject2.bin
puncturing of PUSCH if URLLC SR is transmitted


PUSCH 
for UE1


URLLC SR resources configured for UE1, shown in blue 



image1.wmf
(

)

é

ù

1

log

2

+

K


oleObject1.bin

