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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
 The first NR NSA spec were approved in Dec 2017. Since then, the major focus is to improve the quality of the spec. In this contribution some remaining issues on UCI multiplexing are discussed. In addition, some considerations on UCI piggyback for URLLC are also presented. .
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Discussion
UCI multiplexing with PUSCH on UL and SUL
In Section 9 of 38.213, the agreement of UCI multiplexing between UL and SUL is not captured, according to the agreement in RAN1#91[1]
	RAN1#91 Agreements:
If the network scheduling results in PUCCH and PUSCH transmissions for a UE overlapping in time on the non-SUL and SUL, the UE multiplexes UCI on PUSCH if such multiplexing does not put more stringent requirements on processing time compared to the case where UCI is multiplexed on PUSCH when operating on a single carrier.


For that, we have the following proposal.
Proposal 1: Add the description of supporting UCI multiplexing between UL and SUL. The details are in the contribution [3].
Reserved REs for HARQ-ACK puncturing
In RAN1 Ad-Hoc meeting in Jan of 2018, the following agreements and working assumptions for reserved REs were made [2].
	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

	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.



According to the agreements, the number of reserved REs are calculated assuming 2-bits HARQ-ACK, along with the beta-offset determined for the particular transmission. If 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. As for the locations of the reserved REs, one straightforward way is to follow the same mapping principle as the UCI mapping rule defined in RAN1 #91 meeting. 
For how to determine the subset, take the 6 reserved REs in Figure 1 for example, if the number of actually used REs for HARQ-ACK transmission is 3, to map these 3 REs (labeled as 0 ,1 and 2 in the figure) as a subset of 6 reserved REs, we can have two options as shown in Figure 1 (b) and (c). In option 1 as shown in Figure 1 (b), the actually transmitted REs are mapped onto the reserved REs with consecutive order. In option 2 as shown in Figure 1 (c), the reserved REs can be deemed as the available REs for HARQ-ACK and the actually transmitted REs are mapped onto the reserved REs in a distributed manner. It is obvious that some frequency diversity gain can be achieved with option 2. 


[bookmark: _Ref506042705]Figure 1 Mapping of HARQ-ACK on reserved REs
Given that, the following proposal could be considered
[bookmark: OLE_LINK1]Proposal 2: For the reserved HARQ-ACK REs assuming 2-bit HARQ-ACK:
· Locations of the reserved REs for HARQ-ACK are determined following the same rule as mapping modulated HARQ-ACK symbols to REs in a distributed manner as defined in RAN1 #91.
· The actually REs used for HARQ-ACK transmission are mapped onto a subset of the reserved REs following the same rule as mapping modulated HARQ-ACK symbols to REs in a distributed manner as defined in RAN1 #91 assuming reserved REs are the available REs.

UCI piggyback without data
Number of Resources for UCI
In RAN1#91 meeting, the following working assumption on the number of resources for HARQ-ACK without UL-SCH was made in [1].
	Working assumption:
For UCI on PUSCH without UL-SCH, the amount of resources used for HARQ-ACK is calculated based on the following equation.







where  is the number of ACK/NACK bits,  is number of bits for CSI part 1. .  is the scheduled bandwidth for PUSCH transmission in the current PUSCH transmission period for the transport block, expressed as a number of subcarriers. is the number of OFDM symbols in the PUSCH transmission duration excluding DMRS. REs occupied by PTRS are also excluded. 
· FFS: if an upper bound on the number of symbols for HARQ-ACK resource is needed
· 
[bookmark: OLE_LINK3]FFS: if set  to the number of bits for CSI part 1 assuming rank 1.


In RAN1 Ad-Hoc meeting held in Jan 2018[1], the following agreements on the number of resources for UCI with UL-SCH are achieved.
	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 NR, one motivation of setting the  as the number of bits for CSI part 1 is that the CSI part 2 might be dropped and its payload could vary. It is not reasonable to set a reference coding rate based on the payload of CSI part 2 before dropping. However, the payload of CSI part 1 may also vary considering different configurations, which may affect the performance of HARQ-ACKs. 
For the number of resources for CSI part 1, it is also not preferred to set a reference coding rate based on the payload of CSI part 2. The coding rate threshold for CSI part 2 dropping has been specified in the MIMO section. It is also suggested to utilize this coding rate to derive the number of resources for CSI part 1. In TS38.214, the threshold coding rate is described as follows:
=============================================================

“When CSI is multiplexed with UL-SCH on PUSCH, Part 2 CSI is omitted only when the UCI code rate for transmitting all of Part 2 would be greater than a threshold code rate , where

	

-	 is the target PUSCH code rate from Table 6.1.4.1-1.

-	 is the CSI offset value from Table 9.3-2 of [6, TS 38.213].

CSI part 2 is omitted level by level beginning with the lowest priority level until the lowest priority level is reached which causes the UCI code rate to be less than or equal to .”
=============================================================

Following this principle, for HARQ-ACK piggyback on PUSCH without UL-SCH, the number of resources can be obtained as follows:

,

where.
Similarly the number of resources for CSI part 1 can also be obtained as follows:



where 





[bookmark: OLE_LINK2]In addition, parameter  is introduced in RAN1 Ad-Hoc meeting in Jan of 2018 to avoid the case that all the scheduled resource is allocated to UCI while data will not be transmitted. It is beneficial for the URLLC services, whereby the data of URLLC has a higher priority compared with the UCI of eMBB. For UCI piggyback on PUSCH without data, the usage of  should be further discussed. One possible motivation of using  in the calculation of UCI resources  is to further avoid the consequence that HARQ-ACK occupies all the allocated resources and thus CSI part 1and CSI part 2 will not be transmitted. But such consequence is acceptable since HARQ-ACK always has a higher priority than CSI part 1 and CSI part 2. So we prefer not to support  for the situation when there is no UL-SCH.
Upon deciding the resource for HARQ-ACK and CSI 1, resource for CSI part 2 could easily be derived by the following equation:

.

In summary, for UCI piggyback on PUSCH without UL-SCH, the resources could be obtained following the proposal below
Proposal 3: For UCI piggyback on PUSCH without UL-SCH, the number of resources are given as follows:
· 
For HARQ-ACK, , 

where ;
· 

For CSI part 1, ,whereby;
· 
For CSI part 2, .
Modulation order of UCI
The following agreements have been achieved in the meeting RAN1#91[1]:
	RAN1#91 Agreements:
· The modulation order of UCI follows the modulation order of UL-SCH.
Note: modulation order for HARQ-ACK follow the agreement in channel coding session, if any.
· 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



From the two agreements above, we can conclude that the modulation order of UCI is always derived from the MCS field indicated by the DCI, either with or without UL-SCH. 
One issue discussed in MIMO section is the dropping rule of CSI part 2, it is already specified that for aperiodic CSI reporting with UL-SCH, the dropping rule is given in TS 38.214 as follows:
=================================================================

“When CSI is multiplexed with UL-SCH on PUSCH, Part 2 CSI is omitted only when the UCI code rate for transmitting all of Part 2 would be greater than a threshold code rate , where

	

-	 is the target PUSCH code rate from Table 6.1.4.1-1.

-	 is the CSI offset value from Table 9.3-2 of [6, TS 38.213].

Part 2 CSI is omitted level by level beginning with the lowest priority level until the lowest priority level is reached which causes the UCI code rate to be less than or equal to .”
=========================================================================

For the dropping of CSI part 2 in the case of without UL-SCH, we propose to adopt the similar rule as in the case of with UL-SCH. Since the MCS field indicates the modulation order of the UCI, it is also preferred to utilize the corresponding code rate in the same row of the MCS table. Although no data has been scheduled, the corresponding code rate can be utilized as  to derive the threshold code rate to determine the dropping rule of CSI part 2 for the case of aperiodic CSI reporting without UL-SCH. 


One issue is that if the MCS field in the DCI indicates 28~31, which means the data is retransmitted, the corresponding code rate is kept as reserved. To determine the  in this case for CSI part 2 dropping, the  for MCS field setting as 28~31 should be specified for aperiodic CSI reporting without UL-SCH. The values can be predefined or indicated with higher layer signaling.
Proposal 4: The modulation order of UCI is derived from the MCS field in the DCI.
Proposal 5: The coding rate should be specified for MCS 28~31 for aperiodic CSI part 2 dropping.
UCI on VRB or PRB
In RAN1#AH4 meeting, the following proposal was made in [4].
	Proposals:

•	Clarify that set  is defined as a set of “physical” resource elements in PRB domain not in VRB domain.


One argument to support this is that if UCI is mapped in a frequency distributed way in the VRB domain, the VRB-PRB mapping may destroy this design and the diversity gain is lost [4]. Two issues should be considered over this proposal:
· The performance loss should be further investigated. Since the motivation of VRB-PRB mapping is also to obtain the diversity gain, it is unclear about the performance loss as described in [4]. Mapping UCI in VRB domain will create distributed RE mapping for UCI and that should not impact the VRB-PRB mapping which will create more distributed PRB allocations and further benefit from the frequency diversity gain. 
· The specification impact of this design could be large, since if UCI is mapped in PRB domain while data is mapped in VRB domain, their mapping domain will be different.  In addition, it will introduce more implementation complexity. Based on the two considerations, we propose to map the UCI in the VRB domain.
Proposal 6: The UCI is mapped onto the REs in the VRB domain.

UCI piggyback for URLLC
Beta factor determination
In the contribution R1-1801357 [5], we discuss the beta factor determination and have the following proposals:
Proposal 7: The set of beta-offset values should be expanded to contain beta-offset < 1 (e.g., beta-offset = 0.5), while the indication field for beta-offset is not present in the compact DCI and a conservative small beta-offset could be configured to reduce the DCI payload [5].
Time-domain location for mapping of latency-sensitive UCI
In RAN1#91 meeting, the following agreements for beta factor determination were made in [1].
RAN1#91 Agreements:
· If frequency hopping for PUSCH is enabled, the N1 modulation symbols of HARQ-ACK are partitioned into HARQ-ACK part A and HARQ-ACK part B, where part A has floor(N1/2) and part B has ceiling(N1/2) modulation symbols. HARQ-ACK part A is mapped to the first hop. HARQ-ACK part B is mapped to the second hop.
· If frequency hopping for PUSCH is enabled, the N2 modulation symbols of CSI part 1 are partitioned into CSI part 1A and CSI part 1B, where part 1A has floor(N2/2) and part 1B has ceiling(N2/2) modulation symbols. CSI part 1A is mapped to the first hop. CSI part 1B is mapped to the second hop.
· If frequency hopping for PUSCH is enabled, the N3 modulation symbols of CSI part 2 are partitioned into CSI part 2A and CSI part 2B, where part 2A has floor(N3/2) and part 2B has ceiling(N3/2) modulation symbols. CSI part 2A is mapped to the first hop. CSI part 2B is mapped to the second hop.
In the contribution [5], we will discuss how to map latency-sensitive UCI on PUSCH, and have the following proposals:


Proposal 8: For latency-sensitive HARQ-ACK and A-CSI scheduled by a compact DCI or with a small feedback delay, e.g., and , the coded modulation symbols should be mapped on the first hop without partition when piggyback on PUSCH to reduce the transmission latency [5].
· X = 0 or 1, and should be down-selected,
· Y = 0 or 1, and should be down-selected.
UCI piggyback on multi-slot PUSCH
In the contribution [5], we discuss how to map UCI on multi-slot PUSCH, and have the following proposal:
Proposal 9: When the PUCCH transmission overlaps with the multi-slot-based PUSCH transmission, UCI is only piggybacked and mapped on the PUSCH within the slot in which the PUCCH located in [5].
Multiplexing of eMBB UCI and URLLC UCI
In the contribution [5], we discuss how to guarantee the reliability of URLLC UCI. URLLC service needs to be fed back quickly with increased reliability guarantee, and hence could be denoted as latency-sensitive and reliability-demanding UCI (LSRD-UCI).Thus we have the following proposal:
Proposal 10: In case of PUCCH bearing latency-sensitive and reliability-demanding UCI overlaps with eMBB PUSCH, the overlapping symbols from PUSCH should be punctured [5].

Conclusion
Based on above discussions, the following proposals are given: 
Proposal 1: Add the description of supporting UCI multiplexing between UL and SUL. The details are in the contribution [3].

Proposal 2: For the reserved HARQ-ACK REs assuming 2-bit HARQ-ACK:
· Locations of the reserved REs for HARQ-ACK are determined following the same rule as mapping modulated HARQ-ACK symbols to REs in a distributed manner as defined in RAN1 #91.
· The actually REs used for HARQ-ACK transmission are mapped onto a subset of the reserved REs following the same rule as mapping modulated HARQ-ACK symbols to REs in a distributed manner as defined in RAN1 #91 assuming reserved REs are the available REs.
Proposal 3: For UCI piggyback on PUSCH without UL-SCH, the number of resources are given as follows:
· 
For HARQ-ACK, , 

whereby ;
· 

For CSI part 1, ,whereby;
· 
For CSI part 2, .
Proposal 4: The modulation order of UCI is derived from the MCS field in the DCI.
Proposal 5: The coding rate should be specified for MCS 28~31 for aperiodic CSI part 2 dropping.
Proposal 6: The UCI is mapped onto the REs in the VRB domain.
Proposal 7: The set of beta-offset values should be expanded to contain beta-offset < 1 (e.g., beta-offset = 0.5), while the indication field for beta-offset is not present in the compact DCI and a conservative small beta-offset could be configured to reduce the DCI payload [5].


Proposal 8: For latency-sensitive HARQ-ACK and A-CSI scheduled by a compact DCI or with a small feedback delay, e.g., and , the coded modulation symbols should be mapped on the first hop without partition when piggyback on PUSCH to reduce the transmission latency [5].
· X = 0 or 1, and should be down-selected,
· Y = 0 or 1, and should be down-selected.
Proposal 9: When the PUCCH transmission overlaps with the multi-slot-based PUSCH transmission, UCI is only piggybacked and mapped on the PUSCH within the slot in which the PUCCH located in [5].
Proposal 10: In case of PUCCH bearing latency-sensitive and reliability-demanding UCI overlaps with eMBB PUSCH, the overlapping symbols from PUSCH should be punctured [5].
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