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Introduction
This contribution discusses open issues for UCI on PUSCH. Text proposals are made for 38.213 [4] and 38.214 [5].
Indication of UCI-only PUSCH
In the last meeting the following has been agreed:
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.

One remaining issue is how to indicate to the UE in the DCI that PUSCH should contain CSI only and not UL-SCH. In LTE, CSI-only on PUSCH without UL-SCH is also supported. To indicate that the UE shall transmit PUSCH as such, the DCI indicates that [image: ](which sets RV=1 and has a reserved state for modulation order and TBS in the jointly encoded MCS and RV field) in conjunction with that the number of PUSCH repetitions is set to N=1 as well as that the CSI request field indicates that a CSI report is triggered. As RV and MCS is jointly encoded in the MCS field, there is no possibility to set an MCS value in case of CSI-only PUSCH in LTE, and QPSK is always used in that case, which is a limitation. For NR, obviously a different approach must be used since MCS and RV are separately encoded in the DCI. 
[bookmark: _Toc503560242]LTE approach for indicating CSI only PUSCH cannot be used directly for NR since the DCI fields for MCS and RV are different.
As A-CSI can be multiplexed with UL-SCH on PUSCH, for both initial and re-transmissions of an UL-SCH transport block, indicating that CSI only is transmitted should be done in such a fashion that it does not limit the scheduling flexibility of UL-SCH.

Since only modulation order and not coding rate needs to be indicated for CSI-only PUSCH (the CSI payload is known and the coding rate is given implicitly be the resource allocation), one way to differentiate a DCI scheduling a CSI-only PUSCH is by setting the MCS value to one of the reserved states () which only indicates a modulation order and not a coding rate / TBS. These states are normally used for indicating a retransmission of a UL-SCH TB and so only using this as a differentiation criterion is not enough. However, for a retransmission, the New Data Indicator (NDI) would have the same value as the previously received DCI (of the initial transmission), i.e. it would not be toggled to indicate that the UE should transmit new data.
[bookmark: _Toc503560243]The MCS field set to one of the reserved states and toggling of the NDI bit never occurs in a regular UL grant.

Thus,  and toggling of the NDI bit, together with the CSI request field indicating that a report is triggered could be used as criterion to indicate that no UL-SCH TB is present and UE shall transmit CSI only on the PUSCH. To further protect against possible error cases, one could additionally require that the RVid is set to 1, as toggling of the NDI bit would typically also be accompanied by RVid=0 in a regular UL grant.
When a UE misses a DCI requesting A-CSI without UL-SCH (with toggled NDI) but receives a subsequent DCI containing a regular UL grant (thus NDI toggled again) the UE would not send a new TB but a re-transmission of the previous TB. To avoid error cases on UL-SCH the gNB toggles the NDI relative to the NDI it used for scheduling the last PUSCH including UL-SCH. To illustrate this behavior, consider the example below:
1. DCI indicating data, NDI=0
2. DCI indicating CSI only, NDI=1                % Toggled relative to step 1 (last UL-SCH)
3. DCI indicating CSI only, NDI=1                % Toggled relative to step 1 (last UL-SCH)
4. (New TB) DCI indicating data, NDI = 1    % Toggled relative to step 1 (last UL-SCH)
5. (New TB) DCI indicating data, NDI = 0    % Toggled relative to step 4 (last UL-SCH)
If UE misses any of the DCI’s requesting A-CSI without UL-SCH no error case happens since the NDI is toggled relative to the last DCI scheduling UL-SCH. 
When a UE misses a DCI scheduling UL-SCH preceding the DCI requesting A-CSI only (step 1 above) two cases need to be distinguished: 1) The DCI indicated a re-transmission of a transport block: The UE will send A-CSI and maintains it NDI state for the HARQ process, so the gNB can request a new re-transmission for the missed transport block, using NDI=0 in above example. 2) The DCI indicated a new transmission of a transport block and toggles the NDI: Since the UE missed the DCI it does not interpret the DCI in step 2 as toggled, i.e. it performs a re-transmission with RV 1 of the previous transport block.  However, the gNB already detected based on DTX detection that the previous DCI has been missed by the UE and can schedule a new initial transmission of the transport block. 

An UL grant scheduling CSI only on PUSCH without UL-SCH is identified by toggling of the NDI relative to the last DCI scheduling UL-SCH, , RVid=1 and CSI request field triggering a CSI report.
An according text proposal for 38.214 [5] is provided below.
-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------
[bookmark: _Toc501048218]6.1.4.2	Transport block size determination
For the PUSCH assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, or CS-RNTI,
if
-	and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM', or
-	 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is set to '256QAM', or
-	 and transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM', or 
-	 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to '256QAM', the UE shall first determine the TBS as specified below:
The UE shall first determine the number of REs (NRE) within the slot: 
-	A UE first determines the number of REs allocated for PUSCH within a PRB  by 
-	, where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols of the PUSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 0_0/0_1, and  is the overhead configured by higher layer parameter Xoh-PUSCH. If the Xoh-PUSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0.
-	A UE determines the total number of REs allocated for PUSCH  by where  is the total number of allocated PRBs for the UE.
-	Next, proceed with steps 2-5 as defined in Subclause 5.1.3.2
else if

-	 and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM', or

-	 and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is set to '256QAM', or

-	 and transform precoding is disabled and MCS-Table-PUSCH is not set to '256QAM', or

-	and transform precoding is enabled and MCS-Table-PUSCH- transform-precoding is not set to '256QAM', and
-	the redundancy version rv=1, the NDI bit is toggled relative to the NDI bit contained in the last detected DCI scheduling UL-SCH and the CSI request field is present and indicates that a CSI report is triggered
-	then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. 
else if
-	 and transform precoding is disabled and MCS-Table-PUSCH is set to '256QAM', or
-	 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is set to '256QAM', or
-	 and transform precoding is enabled and MCS-Table-PUSCH-transform-precoding is not set to '256QAM', or
-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using . If there is no PDCCH for the same transport block using , and if the initial PUSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent configured scheduling PDCCH.
else
-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using . If there is no PDCCH for the same transport block using , and if the initial PUSCH for the same transport block is transmitted with configured grant, the TBS shall be determined from the most recent configured scheduling PDCCH.
-----------------------------------------<End of Text Proposal>-------------------------------------------------------------
[bookmark: _GoBack]CSI part 2 omission rule
In the last meeting the following has been agreed:
Agreements:
· 
When CSI part 2 piggybacked on PUSCH without UL-SCH, lower priority information bits are omitted until CSI Part 2 UCI code rate is below  where 


· FFS: CSI-1 is based on code rate calculated at UE or signalled by gNB in DCI. 
Note: if C_T is larger than 1, UE consider it is an error case.
When the UE determines if it should drop or include CSI part 2 according to above formula, the UE knows the CSI part 1 payload and also has already determined the resources for CSI part 1. Therefore, the UE should – based on number of CSI part 1 information bits and number of coded CSI part 1 bits – determine the code rate.
 CSI-1 is based on code rate calculated at UE
Resources for CSI 1 and 2 without UL-SCH
In the last meeting the following has been agreed:
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.

Summary document [1] lists several proposals how to determine resources for CSI when UL-SCH is not present. We prefer Option 5d of [1].



(Proposal 5d from R1-1803332) For HARQ-ACK, CSI part 1, and CSI part 2 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 transmission, denoted as , , and , are determined as follows:







Align the definition of  with the definition used in the PUCCH Resource set selection. 
Overlap between PUSCH and PUCCH over multiple symbols
In the last meeting the following has been agreed:
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
Single-slot PUSCH, multi-slot PUCCH
If a single-slot PUSCH overlaps a multi-slot PUCCH it does not make sense in our opinion to piggyback PUCCH on PUSCH: PUCCH slot-aggregation has been configured for improved coverage, multiplexing UCI into a single-slot PUSCH is likely to have worse coverage. In case both single-slot PUSCH and multi-slot PUCCH start in the same slot and symbol, two options can be considered: 1) Drop PUCCH and transmit PUSCH or 2) Drop PUSCH and transmit PUCCH. We discuss in the following which option should be considered.
Comparing minimum K1 and K2 values one can observe that for low numerologies K1 and K2 are similar while for high numerologies K2 becomes larger than K1. If we assume PDSCH transmissions lasting over the complete slot (a reasonable assumption if UE is coverage limited) it could send ACK/NACK on a multi-slot PUCCH the earliest starting in slot n, when PDSCH is transmitted in slot n-3 (assuming K1=24 for ), see Figure 1. A short long PUCCH could be sent at the end of slot n-1, but this contradicts the assumption of PUCCH slot-aggregation. A (long) PUSCH also scheduled in slot n-3 could the earliest be transmitted in slot n (assuming K2=36 for ). So even when K2>K1 a gNB can sent the UL grant in the same slot as the last DL assignment, so gNB is completely aware that a PUCCH transmission is ongoing. Therefore, if gNB anyway schedules a PUSCH it is by purpose. Therefore, we propose PUSCH is prioritized and PUCCH is dropped (i.e. option 1). Above analysis was for  where K2 is substantially larger than K1. For lower numerologies the latest possible time instance when gNB can schedule a PUSCH becomes even later compared to the time it needs to schedule the last PDSCH. 
[image: ]
[bookmark: _Ref510697681]Figure 1: Time line of DL and UL scheduling.	 At the time of PUSCH scheduling, gNB is aware of overlapping 
When a multi-slot PUCCH overlaps with a single-slot PUSCH with a same first symbol and slot, PUCCH is not transmitted and PUSCH is transmitted. UCI is not piggybacked on PUSCH.
[image: ]
[bookmark: _Ref510811928]Figure 2: Example of the overlapping rule of multi-slot PUCCH and single slot PUSCH
An according text proposal is provided in Section 6.
Multi-slot PUSCH, multi-slot PUCCH
In case of a single-slot PUCCH it has been agreed that PUCCH is dropped and UCI is multiplexed into PUSCH on that slot where PUSCH and PUCCH share the same starting symbol (if no such slot exists UCI is not multiplexed). For a multi-slot PUCCH transmission, PUCCH uses the same time-domain resource allocation in each slot. The same applies for PUSCH. Therefore, if PUSCH and PUCCH overlap over multiple slots and at least in one slot have a same starting symbol, they will share the same starting symbol in all overlapping slots.
To guarantee PUCCH coverage PUCCH is multiplexed into as many PUSCH slots as PUCCH is repeated over. When PUSCH starts in the same or an earlier slot as PUCCH and they have common start symbol in a slot, starting in the first overlapping slot, UCI is multiplexed into as many slots as PUCCH would have been transmitted over. PUCCH is dropped if UCI cannot be multiplexed into as many slots that PUCCH is repeated, UCI is not multiplexed in any slot, since UCI coverage cannot be guaranteed. See examples in Figure 3.
When a multi-slot PUCCH overlaps with a multi-slot PUSCH and has a same first symbol in at least as many slots as PUCCH is repeated over and PUSCH starts in the same or an earlier slot than PUCCH, PUCCH is not transmitted and PUSCH is transmitted. UCI is piggybacked in as many slots as PUCCH would have been transmitted over, starting with the first overlapping slot.
[image: ]
[image: ]
[image: ]
[bookmark: _Ref510811767]Figure 3: Examples of Multi-slots PUCCH and PUSCH
An according text proposal is provided in Section 6.
[bookmark: _Ref510791789]Partially overlapped PUCCH and PUSCH
In the previous meeting the case has been discussed when PUSCH and PUCCH partly overlap but no consensus has been reached. Nevertheless, we note that several companies supported the principle that an earlier starting transmission is not interrupted by a later transmission (e.g. See Figure 4). Therefore, we support Proposal 8g from [1] : 
(Proposal 8g from R1-1803332) When a PUCCH overlap with a PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. FFS: how to handle low latency short transmission (e.g. URLLC) based on priority ordering
[image: ]
[image: ]
[bookmark: _Ref510811295]Figure 4: Example of dropping rules
A text proposal for 38.213 [4] for Proposal 5, 6, and 7 is provided below.
-----------------------------------------<Start of Text Proposal>-------------------------------------------------------------

[bookmark: _Toc508784690]9	UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and SCG.
-	When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.
If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-	When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.
If a UE would multiplex UCI in a single-slot PUCCH transmission that has a same first symbol with a single-slot PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.
If a UE would multiplex UCI in a single-slot PUCCH transmission that has in a slot a same first symbol as an overlapping multi-slot PUSCH transmission, the UE multiplexes the UCI in the first overlapping slot of the PUSCH transmission and does not transmit the PUCCH.
If a UE would multiplex UCI in a multi-slot PUCCH transmission that has a same first symbol and slot as an overlapping single-slot PUSCH transmission, the UE transmits the PUSCH and does not transmit the PUCCH.	Comment by Author: P5
If a UE would multiplex UCI in a multi-slot PUCCH transmission that has in at least as many slots as the multi-slot PUCCH transmission would be transmitted over a same first symbol as an overlapping multi-slot PUSCH transmission and the PUSCH transmission starts in the same or an earlier slot than the PUCCH transmission, the UE multiplexes the UCI into as many slots as the multi-slot PUCCH transmission would be transmitted over, starting with the first overlapping slot, and does not transmit the PUCCH. If the multi-slot PUSCH and PUCCH transmission have a same first symbol in fewer slots than the multi-slot PUCCH transmission would be transmitted over, the UE transmits the PUSCH and does not transmit the PUCCH. 	Comment by Author: P6
If a UE would multiplex UCI in a single-slot PUCCH transmission that starts earlier than an overlapping single-slot PUSCH transmission, the UE transmits UCI in PUCCH and does not transmit the PUSCH.	Comment by Author: P7
If a UE would multiplex UCI in a PUCCH transmission and the PUCCH transmission starts in the same slot than an overlapping PUSCH transmission and the PUCCH transmission starts in a later symbol in a slot than the PUSCH transmission, the UE transmits the PUSCH and does not transmit the PUCCH. 
If a UE would multiplex UCI in a PUCCH transmission and the PUCCH transmission starts in a later slot than an overlapping PUSCH transmission and the PUCCH transmission starts in a different symbol in a slot than the PUSCH transmission in that slot, the UE transmits the PUSCH 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.
A HARQ-ACK information bit value of 0 represents a negative acknowledgement (NACK) while a HARQ-ACK information bit value of 1 represents a positive acknowledgement (ACK).
-----------------------------------------<End of Text Proposal>-------------------------------------------------------------
Corrections to 38.212

Removing resource elements from reserved set (Section 6.2.7)
In Section 6.2.7 of 38.212 [3] the following pseudo code sequence appears in several places:


for  to 

		;

;
end for
The intention of this code sequence is to remove the set element  from both the set  and the set . However, as the code is written now first the set  is modified and second the element  of the modified set  is removed from the set , i.e. different subcarriers are removed from bots sets. However, the same subcarrier should be removed from both sets. To achieve this, the order of the two code lines in the loop has to be changed:


for  to  

	;

		;

;
end for
An according text proposal is provided in [2].
Conclusions
This contribution discusses open issues for UCI on PUSCH. Text proposals are made for 38.213 [4] and 38.214 [5].
1. 
An UL grant scheduling CSI only on PUSCH without UL-SCH is identified by toggling of the NDI relative to the last DCI scheduling UL-SCH, , RVid=1 and CSI request field triggering a CSI report.
1. CSI-1 is based on code rate calculated at UE.
1. 


(Proposal 5d from R1-1803332) For HARQ-ACK, CSI part 1, and CSI part 2 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 transmission, denoted as , , and , are determined as follows:






Align the definition of  with the definition used in the PUCCH Resource set selection.
When a multi-slot PUCCH overlaps with a single-slot PUSCH with a same first symbol and slot, PUCCH is not transmitted and PUSCH is transmitted. UCI is not piggybacked on PUSCH.
When a multi-slot PUCCH overlaps with a multi-slot PUSCH and has a same first symbol in at least as many slots as PUCCH is repeated over and PUSCH starts in the same or an earlier slot than PUCCH, PUCCH is not transmitted and PUSCH is transmitted. UCI is piggybacked in as many slots as PUCCH would have been transmitted over, starting with the first overlapping slot.
(Proposal 8g from R1-1803332) When a PUCCH overlap with a PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. FFS: how to handle low latency short transmission (e.g. URLLC) based on priority ordering
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