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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The mechanism of PUSCH selection for piggybacking UCI has been discussed in RAN1 AH #1801 [1], and the following agreements are achieved:
	Agreements:
· Regarding how to select PUSCH for piggybacking UCI 
· Follows the LTE-approach
· FFS whether or not there are any specific issues



In the contribution, we provide our considerations on the details of PUSCH selection, as well as some remaining issues on carrier aggregation. Some text proposals of corrections for HARQ-ACK codebook of section 9, 38.213 are also provided.
2. Discussion
PUSCH selection for UCI piggyback
In the case of PUCCH and PUSCH of different carriers overlapped, it was agreed to reuse the LTE approach as described below from 38.213 [2]:
	If a UE would multiplex UCI in a PUCCH transmission that has a same first symbol with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH with a same first symbol as the PUSCH, the UE multiplexes the UCI in the PUSCH.  
If a UE transmits multiple PUSCHs that start at a same symbol on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in the PUSCH of the serving cell with the smallest ServCellIndex.


In the case of multiple PUSCHs overlapped with PUCCH, the PUSCH on the carrier with lowest index is selected for piggyback. Although this approach is simple and acceptable in LTE, it may not be suitable for NR. 
Firstly, unlike in LTE, the PUSCHs in NR may carry different types of services, e.g. eMBB or URLLC services. If both grant-based and grant-free PUSCH transmissions occur simultaneously, it is desirable to piggyback the UCI in the grant-based PUSCH. Such a behavior help reduce the processing delay and complexity of grant-free PUSCH from UE perspective. Moreover, it avoids reducing the code rate of data, thus help maintain the robustness of grant-free transmission.
[bookmark: _Ref505956505]Proposal 1: Grant-based PUSCH should be prioritized over grant-free PUSCH for UCI piggyback in NR.

Secondly, the overlapped PUSCHs may have different numerologies and different starting and ending time, as depicted in Figure 1. Instead of multiplexing the UCI (e.g. HARQ-ACK) in the PUSCH on the carrier with lower index (i.e. PUSCH-1 in Figure 1), multiplexing in the PUSCH with higher SCS (i.e. PUSCH-2 in the Figure 1) would have lower transmission latency. Therefore, it is desirable from latency reduction perspective.
[image: ]
[bookmark: _Ref505956016][bookmark: _Ref505956011]Figure 1 PUSCH with different numerologies 
Lastly, even if all the PUSCHs are configured with same numerology or same symbol duration, they may be configured with different Beta offset for UCI multiplexing. Considering the large variation of UCI report in NR, it is favorable to select a PUSCH with proper Beta offset for better UCI performance or lower overhead.
[bookmark: _Ref505956508]Proposal 2: For UCI piggyback, the SCS or transmission duration of the PUSCH, and the configured Beta offset, should be taken in account in PUSCH selection in NR.

PUCCH in a cell group
Starting from Rel-8 in LTE, the PUCCH can only be configured in the Pcell. Reconfiguring the PUCCH onto a different carrier requires a heavy handover procedure that may bring in some service interruption time. This framework can be improved in NR; more specifically, the PUCCH in one cell group can be configured on any uplink carrier within the cell group. By this way, the best uplink carrier can be selected for PUCCH transmission without a heavy Pcell change procedure, and the load balancing for PUCCH can be easily performed. It is worth noting that such behavior is somehow supported in NR, where the PUCCH can already be reconfigured between SUL and non-SUL. It can be easily extended to the CA deployment.
[bookmark: _Ref498762968]Proposal 3: PUCCH can be configured on any uplink carrier within the cell group.

3. Text proposal

[bookmark: _Ref510538372]Proposal 4: Accept the following text proposals for corrections of HARQ-ACK codebook determination.

=================  Begin of 1st text proposal  =====================


9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel



For a serving cell  and the active DL BWP and the active UL BWP, as described in Subclause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . The determination is based:
a) 
on a set of slot timing values  associated with the active DL BWP
a. 

If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell ,  is  provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0;
b. 

If the UE is configured to monitor PDCCH for DCI format 1_1 on serving cell ,  is provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1; 
c. 





If the UE is configured to monitor PDCCH for both DCI format 1_0 and DCI format 1_1 on serving cell ,  for DCI format 1_0 is  provided by the intersection union of for DCI format 1_0 and for DCI format 1_1, where (a)is the set of slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1 and (b)  is the intersection union of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} and the set of slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1.
b) 
when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation associated with the active DL BWP and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]; and
c) when provided, on higher layer parameter UL-DL-configuration-common, higher layer parameter UL-DL-configuration-common-Set2, and higher layer parameter UL-DL-configuration-dedicated as described in Subclause 11.1; and
d) 
on a PDCCH monitoring periodicity, a PDCCH monitoring offset, and a PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell  as described in Subclause 10.1.

=================  End of 1st text proposal  =====================


=================  Begin 2nd of text proposal  =====================

9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel




Based on maximum and minimum PDSCH-to-HARQ_feedback timing values provided to a UE by union of of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0 and the set of slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1, the UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling on a serving cell  and for which the UE transmits HARQ-ACK in a same PUCCH based on respective PDSCH-to-HARQ_feedback timing values. The PDCCH monitoring occasions for PDSCH scheduling on serving cell  are determined based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell . The set of PDCCH monitoring occasions is defined as the union of PDCCH monitoring occasions across configured cells, ordered in ascending order of start time of the search space associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.


A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or DCI format 1_0 indicating downlink SPS release is present, up to the current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of PDCCH monitoring occasion index , where . 

The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or associated with DCI format 1_0 indicating downlink SPS release is present, up to the current PDCCH monitoring occasion and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 






Denote  as the value of the counter DAI in DCI format 1_0 or DCI format 1_1 for scheduling on serving cell  in PDCCH monitoring occasion  according to Table 9.1.3-1. Denote as the value of the total DAI DCI format 1_1 in PDCCH monitoring occasion  according to Table 9.1.3-1. The UE shall assume a same value of total DAI in all DCI formats 1_1 in PDCCH monitoring occasion .


If the UE transmits HARQ-ACK in a PUCCH and for any PUCCH format, the UE shall determine the , for a total number of  HARQ-ACK information bits, according to the following pseudo-code:

Set  – serving cell index: lower indices correspond to lower RRC indices of corresponding cell

Set  – PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion

Set 

Set 

Set 

Set 

Set  to the number of serving cells configured by higher layers for the UE

Set  to the number of PDCCH monitoring occasion(s)

while 

while 



if there is a PDSCH on serving cell  associated with PDCCH in PDCCH monitoring occasion , or there is a PDCCH indicating downlink SPS release on serving cell  

		if 

			
end if



if 

			
else 

		
end if

if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and  is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for at least one configured DL BWP of at least one serving cell,

	 = HARQ-ACK bit corresponding to the first transport block of this cell

	 = HARQ-ACK bit corresponding to the second transport block of this cell



elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and  is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured DL BWP of a serving cell,

 = binary AND operation of the HARQ-ACK bits corresponding to the first and second transport blocks of this cell


else

	 = HARQ-ACK bit of this cell

	
end if
end if


end while


end while

if 

	
end if

if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and  is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for at least one configured DL BWP of a serving cell,


else


end if


 for any 

Set  

while 



if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the  monitoring occasions for serving cell 

= HARQ-ACK bit associated with the SPS PDSCH reception
end if

	;
end while



=================  End of 2nd text proposal  =====================


4. Conclusion
In the contribution, we discuss some remaining issues on carrier aggregation. Based on the discussion, we propose that,
Proposal 1: Grant-based PUSCH should be prioritized over grant-free PUSCH for UCI piggyback in NR.
Proposal 2: For UCI piggyback, the SCS or transmission duration of the PUSCH, and the configured Beta offset, should be taken in account in PUSCH selection in NR.
Proposal 3: PUCCH can be configured on any uplink carrier within the cell group.
Proposal 4: Accept the following text proposals for corrections of HARQ-ACK codebook determination.
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