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1. Introduction
In RAN AH1801 meeting, there was discussion on UCI multiplexing mainly focused on UCI on PUSCH and the following agreements were made [1].
	Agreements:
· It is clarified that based on previous agreements, when UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS
· This applies to the case regardless of whether UL-SCH is present on PUSCH or not
Agreements:
· 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
· 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.
· FFS how to determine the subset
Agreements:
· Clarify in 38.212 that modulated HARQ-ACK symbols are not mapped to non-DMRS symbol before the first DMRS symbol(s) 
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.
Agreements:
· 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 .
Agreements
· When piggybacked on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK denoted as , CSI part 1 transmission denoted as , and CSI part 2 transmission denoted as , are determined based on following equations:



where
·  ={0.5, 0.65, 0.8, 1} is a new RRC configured parameter of two bits, which is configured per UE (per CC)
· FFS whether or not  is applicable to the case when there is no UL-SCH
·  is the symbol index of first available non-DMRS symbol after the first DMRS symbol(s).


In this contribution, based on the above agreements, we provide our views on the remaining issue on UCI on PUSCH.

2. Discussion
2.1. HARQ-ACK on PUSCH with different durations/starting symbols
In RAN1 AH1801 meeting, there was discussion on PUCCH (for HARQ-ACK) and PUSCH multiplexing when the two has different durations and/or starting symbols. However, it should be noted that there were previous agreements from RAN1 #90bis meeting [2] that UE does not expect DL assignments which are later than UL grant as in the below.
	Agreements:
· Regarding hanlding the possibility of DL assignments later than UL grant, to down-select between:
· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH
· X=2 for slot-based scheduling
· FFS X for non-slot based scheduling
· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 
· FFS other details
· If no consensus can be achieved by the end of this week, the following will be agreed:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH


When the PUSCH and the PUCCH resources for HARQ-ACK transmission are overlapped in the time domain, the UE can expect that all DL assignments triggering HARQ-ACK transmission on a same PUCCH are deterred no later than the UL grant reception. Since the gNB also knows the existence of (previous) DL assignments triggering HARQ-ACK transmission when scheduling the PUSCH, UE may assume that the gNB intended for the UE to transmit HARQ-ACK on the PUSCH. This is because the gNB should not transmit the corresponding UL grant if the UE is likely to be unable to piggyback HARQ-ACK on the PUSCH. So, if all DL assignments are no later than UL grant, UE can piggyback HARQ-ACK on PUSCH. Otherwise, UE can drop PUSCH and transmit HARQ-ACK on PUCCH regarding it as an error case.
Proposal #1: When PUCCH for HARQ-ACK and PUSCH are overlapped in time domain,
· [bookmark: _GoBack]If all DL assignments corresponding to the HARQ-ACK by 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.

2.2. Determination of reserved HARQ-ACK RE(s)
In NR, when HARQ-ACK can puncture PUSCH (e.g., HARQ-ACK for up to 2 bits), the REs, for which HARQ-ACK transmission is expected, can be reserved to prevent CSI part 1 REs from puncturing by HARQ-ACK. Then, CSI part 1 is not mapped on the reserved HARQ-ACK RE(s). In RAN1 AH1801, it was agreed to assume 2-bits HARQ-ACK payload size to determine the number/location of reserved HARQ-ACK RE(s) [1]. However, the operation of always assuming 2 bits may be meaningful only when there is a possibility of inconsistency in HARQ-ACK payload size between gNB and UE. For example, when UE is configured with semi-static codebook or before RRC connection setup, the HARQ-ACK payload size assumes to determine reserved HARQ-ACK REs (e.g., Y) can be same with the maximum HARQ-ACK payload size (e.g., X) if X is larger than 2. Otherwise (e.g., X ≤ 2), Y is set to 0 because HARQ-ACK does not punctures PUSCH. On the other hand, Y can be set to 2 for dynamic codebook case for simplicity.
Proposal #2: For the HARQ-ACK payload size (e.g., Y) assumed to determine the reserved HARQ-ACK RE(s), the value of Y can be determined as follows.
· For semi-static codebook or before RRC connection setup
· Y = max. HARQ-ACK payload size (e.g., X), if X ≤ 2
· Y = 0, otherwise
· For dynamic codebook
· Y = 2

2.3. Default value of  to limit UCI REs on PUSCH
In RAN1 AH1801 meeting [1], a new RRC parameter  was agreed to be introduced to limit the number of UCI mapping REs on PUSCH. To be specific, the actual number of REs that can be used for UCI mapping in the PUSCH can be limited to the  times the maximum number of RE for UCI mapping in the PUSCH. Since the required number of REs for UCI mapping would be relatively small at the initial stage, for example, before RRC configuration on the parameter, it seems natural to set the default value of  as 1.
Proposal #3: The default value of  is predefined to 1.

2.4. Aperiodic CSI on PUSCH without UL-SCH
In LTE, a combination of CSI request = ‘on’, IMCS=29, RV = 1 and a certain number of PRBs is used to trigger aperiodic CSI (denoted as A-CSI hereafter) on PUSCH without UL-SCH with a fixed modulation order for CSI (i.e., QPSK). However, according to the agreements from RAN1 #91, it seems that it is necessary to have control over the modulation order of CSI.
	Agreements:
· For aperiodic CSI on PUSCH triggered by an UL grant without UL-SCH data, the modulation order for PUSCH is handled the same way as the case when PUSCH is with UL-SCH data


One simple solution is to use the combination of CSI request = ‘on’, IMCS∈{28, 29, 30, 31} and RV = 1 to trigger A-CSI on PUSCH without UL-SCH. Then, the modulation order of CSI can follow the modulation order indicated by the IMCS value. 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 #4: For aperiodic CSI on PUSCH without UL-SCH, the combination of CSI request = ‘on’, IMCS∈{28, 29, 30, 31} and RV = 1 can be used.
· The modulation order of CSI follows the modulation order indicated by the IMCS value.

2.5. The number of UCI RE(s) on PUSCH without UL-SCH
For UCI on PUSCH, the number of UCI REs (e.g., HARQ-ACK, CSI part 1/2) on PUSCH with UL-SCH may be determined by the ratio between the UCI payload size (scaled by beta-offset) and the data payload size. On the other hand, since the data payload size does not exist in the PUSCH without UL-SCH, the CSI payload size can be considered as a reference value to replace the data payload size. Since CSI part 1 and CSI part 2 are present in CSI, there are two options can be considered as below.

(1) Opt. 1



(2) Opt. 2



·  and  are the payload sizes of HARQ-ACK and CSI part 1, respectively
·  is the reference payload size of CSI part 2
·  and  are the CRC bits of HARQ-ACK and CSI part 1, respectively
· , , and  are the numbers of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2, respectively
·   and  are the beta offset values for HARQ-ACK, CSI part 1 and CSI part 2, 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).

For the two options, CSI payload is calculated as the sum of CSI part 1 payload size (scaled by beta-offset) and reference CSI part 2 payload size (scaled by beta-offset) in Opt. 1 while CSI payload is calculated only by the reference CSI part 2 payload size (scaled by beta-offset) in Opt. 2. It should be noted that the reference CSI part 2 payload size is a predetermined value between the gNB and UE. For example, the CSI part 2 payload size may be the maximum or minimum value of the CSI part 2 payload size. Considering that HARQ-ACK payload size can be large, Opt. 1, which having bigger denominator, is more preferred to prevent the case where all REs are allocated for HARQ-ACK.
Proposal #5: For determination of the number of UCI RE(s) on PUSCH without UL-SCH, the following equations are used.




2.6. Omission rule for CSI part 2
As described in TS38.214 [3], when CSI is multiplexed with UL-SCH on PUSCH, a portion of CSI part 2 can be omitted when the UCI code rate for transmitting all of CSI part 2 would be greater than a threshold code rate , where

·  is the targer PUSCH code rate
·  is the beta offset value for CSI part 2
However, since CSI part 2 can also be transmitted on PUSCH without UL-SCH, the current omission rule for CSI part 2 may not be a unified solution for the both cases (e.g., PUSCH with/without UL-SCH). Therefore, when CSI part 2 is transmitted on the PUSCH, it may be more preferable to calculate the threshold coding rate based on CSI part 1 in which the presence in the PUSCH is always guaranteed. More specifically, the CSI part 2 omission may be performed until the effective UCI code rate for CSI part 2 (scaled by beta-offset) is less than or equal to the effective UCI code rate for CSI part 1 (scaled by beta-offset) as shown below.

In terms of threshold code rate,  can be represented as follows, where

·  is the payload size of CSI part 1
·  is the CRC bits of CSI part 1
·  is the number of coded modulation symbols per layer for CSI part 1
·  and  are the beta offset values for CSI part 1 and CSI part 2, respectively
It should be noted that  can be derived without knowing the actual CSI part 2 payload size. For example, it can be determined as the whole remaining REs for PUSCH with UL-SCH case while it can be determined based on reference CSI part 2 payload size as proposed in section 2.4 for PUSCH without UL-SCH case.
Proposal #6: For omission of CSI part 2, the threshold code rate can be defined based on the UCI code rate of CSI part 1.


3. Conclusion
In this contribution, we discussed the remaining issues on UCI multiplexing and the following proposals were made:
Proposal #1: When PUCCH for HARQ-ACK and PUSCH are overlapped in time domain,
· If all DL assignments corresponding to the HARQ-ACK by 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 #2: For the HARQ-ACK payload size (e.g., Y) assumed to determine the reserved HARQ-ACK RE(s), the value of Y can be determined as follows.
· For semi-static codebook or before RRC connection setup
· Y = max. HARQ-ACK payload size (e.g., X), if X ≤ 2
· Y = 0, otherwise
· For dynamic codebook
· Y = 2
Proposal #3: The default value of  is predefined to 1.
Proposal #4: For aperiodic CSI on PUSCH without UL-SCH, the combination of CSI request = ‘on’, IMCS∈{28, 29, 30, 31} and RV = 1 can be used.
· The modulation order of CSI follows the modulation order indicated by the IMCS value.
Proposal #5: For determination of the number of UCI RE(s) on PUSCH without UL-SCH, the following equations are used.



Proposal #6: For omission of CSI part 2, the threshold code rate can be defined based on the UCI code rate of CSI part 1.
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