[bookmark: OLE_LINK4]3GPP TSG RAN WG1 Ad Hoc Meeting	R1-1800073
Vancouver, Canada, January 22nd – 26th, 2018

Agenda Item:	7.3.2.3
Source:	Huawei, HiSilicon
Title:	Summary of remaining issues on UCI multiplexing
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Plenary #78 meeting, the first release of specification for NR RAN1 has been adopted. But in the specification, some agreements are not captured or captured incorrectly. Also some FFS issues need to be resolved. To complete the specification, this contribution will include the summary of not captured agreements, incorrectly captured agreements, and the FFS issues on UCI multiplexing.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Discussion
Not captured agreements on UCI multiplexing

In 9.1.3.2 of 38.213, the existence of  in CA case is not captured, according to the agreement in RAN1#91 [1]:
	RAN1#91 Agreements:
· For dynamic HARQ-ACK codebook, for UCI piggyback on PUSCH, use DAI_counter in DL assignment and UL DAI in UL grant. HARQ-ACK codebook size is determined by UL DAI and DAI_counter. 
· In case of single HARQ-ACK codebook, the single UL DAI field of 2 bits is included in UL grant. 
· In case of two HARQ-ACK sub-codebooks (1 for CBG based HARQ-ACK and 1 for TB based HARQ-ACK) two UL DAI fields each of two bits are included in UL grant.  
· Note: in CA, DAI_total is included in the DL assignment.


Thus，we propose the following text proposal:
---------------------------------------------- Start of Text Proposal ------------------------------------------
If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook in the same manner as when the UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, as described in Subclause 9.1.3.1, with the following modifications:






-	For ,  if single cell is configured and for ,  is replaced by  where  is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2;
-	For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook;
-	HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.
----------------------------------------------- End of Text Proposal ------------------------------------------

Proposal 1: Add a condition of single serving cell for  in 9.1.3.2 of 38.213.
In 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.


We propose to specify the UE behavior for mulitplexing UCI on PUSCH when PUCCH and PUSCH transmissions for the UE overlap in time on the UL and SUL.
Proposal 2: Add the description of supporting UCI multiplexing between UL and SUL. The details are in the contribution [4].
Incorrectly captured agreements on UCI multiplexing
In 9.3 of 38.213, the table of 9.3-3: Mapping of UCI offset indicator values to offset indexes is not aligned with the agreements in RAN1#90bis [2]:
	RAN1#90bis Agreements:
         Three Beta_offset values are defined as one set, when HARQ-ACK piggyback on PUSCH.
         Three values are corresponding to the following cases:
o    The number of HARQ-ACK bits OACK≤2
o    The number of HARQ-ACK bits falls into [ 3]≤OACK≤[11] 
o    The number of HARQ-ACK bits OACK>[11] 



	RAN1#90bis Agreements:
         Four Beta_offset values are defined for CSI as one set, when CSI piggyback on PUSCH. 
         Four values are corresponding to the following cases:
o    Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1≤[11]
o    Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1>[11]
o    Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2≤[11]
o    Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2>[11]
Note: According to R1-1715288 and R1-1716901, CSI is always split into CSI part 1 and CSI part 2 when piggyback on PUSCH. (With CSI type 1, CSI part 2 does not exist when there is no PMI and with rank up to 4)



	RAN1#91 Working assumption:
· 2 bits in the non-fallback DCI to indicate one out of 4 sets of Beta_offset values



From the agreements above, each index of UCI offset indicator should include 3 elements for HARQ-ACK and 4 elements for CSI. Then, we have the following text proposal:
---------------------------------------------- Start of Text Proposal ------------------------------------------









If DCI format 0_1 scheduling a PUSCH transmission to a UE includes a UCI offset indicator field, the UE determines a set of four  indexes, a set of four  indexes and a set of four  indexes from Table 9.3-1 and 9.3-2, respectively, for transmitting HARQ-ACK, CSI part-1, and CSI part-2, respectively, in the PUSCH transmission. The UCI offset indicator field indicates a 3  values, a 2  values and a 2  values from the respective sets of values, with the mapping defined in Table 9.3-3. If the PUSCH transmission is configured by DCI format 0_0, the UE applies the  and/or  and  values that are configured by higher layers for the corresponding HARQ-ACK and/or CSI part 1 and CSI part 2 payloads.

Table 9.3-3: Mapping of UCI offset indicator values to offset indexes
	UCI offset indicator
	






( or ,  or , ), ( or , ), ( or , )

	'00'
	1st offset index 

	'01'
	2nd offset index 

	'10'
	3rd offset index 

	'11'
	4th offset index 


----------------------------------------------- End of Text Proposal ------------------------------------------
Proposal 3: Change“or” into “,” in Table 9.3-3 in Section 9.3 of 38.213.

FFS issues on UCI multiplexing
Reserved REs for HARQ-ACK puncturing
In RAN1#91 meeting, the following agreements for UCI mapping rule were made in [1].
Agreements:
· Detail UCI mapping rule on PUSCH is as follows:
· Map HARQ-ACK to REs around DMRS symbol(s)
· If PUSCH punctured by HARQ-ACK,
· Map CSI part 1 starting after certain amount of reserved HARQ-ACK REs. 
· FFS reserved HARQ-ACK REs 
· PUSCH can be mapped to reserved REs
· If PUSCH rate matched by HARQ-ACK,
· map HARQ-ACK first, followed by CSI part1. 
· FFS: how to map CSI part 2, e.g.,
· Map CSI part 2 after CSI part 1
· Map CSI part 2 after UL_SCH
In the contribution R1-1800833[3], we will discuss reserved HARQ-ACK REs and have the following proposal:
Proposal 4: For reserved REs of HARQ-ACK:
· 
The number of reserved REs is determined by formula (1) and (2) by setting  as 2 bits with the indicated/configured beta factor.

 （1）

                                                              （2）
· The mapping of reserved REs is always continuous in a frequency first method.
UCI on DMRS symbols
In RAN1#91 meeting, the following agreements for UCI mapping rule were made in [1].
Agreements:
· Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PUSCH transmission.
· Modulated CSI part 1 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 1 is not mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH
· CSI part 1 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· Modulated CSI part 2 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.
· CSI part 2 can be mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH.
· CSI part 2 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.
· CSI part 2 is not mapped on the CSI part 1 REs.
In the contribution R1-1800833 [3], we will discuss UCI mapping on PUSCH and have the following proposal:
Proposal 5: Support UCI being mapped onto the non-DMRS REs on DMRS symbol indicated by DCI for CP-OFDM waveform. The details are in the contribution [3].
Number of REs for UCI
In RAN1#91 meeting, the following working assumption on the number of resources for CSI part 2 were made in [1].
Working assumption:
· For UCI on PUSCH with UL-SCH, the amount of resources used for CSI part 2 is calculated based on the following equation.









where  is the number of bits for CSI part 2,  is the number of CRC bits.  for CSI part 2.  is the scheduled bandwidth for PUSCH transmission in the current PUSCH transmission period for the transport block, expressed as a number of subcarriers. , and  are obtained from the PDCCH scheduling the PUSCH transmission. is the number of OFDM symbols in the PUSCH transmission duration excluding DMRS. REs occupied by PTRS are also excluded.
· FFS: any additional modification of above formula for specific services 
· FFS: any additional modification of the above formula in case of HARQ-ACK puncture CSI-part2

In the contribution R1-1800833 [3], we will discuss the formula of number of REs for CSI part 2 and have the following proposal:
Proposal 6: Adopt the payload ratio of UCI and data as a baseline to divide the RE resources for UCI and data. The details are in the contribution [3].
Beta factor determination
In RAN1#91 meeting, the following agreements for beta factor determination were made in [1].
Working assumption:
2 bits in the non-fallback DCI to indicate one out of 4 sets of Beta_offset values.
In the contribution R1-1800833 [3] and R1-1800054 [5], we will discuss the beta factor determination and have the following proposals:
Proposal 7: Support the implicit method to select beta factor based on rank of PUSCH. The details are in the contribution [3].
Proposal 8: 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 R1-1800054 [5], we will discuss how to map latency-sensitive UCI on PUSCH, and have the following proposals:


Proposal 9: 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 10: For HARQ-ACK and A-CSI with PUCCH resource later than PUSCH, piggyback UCI on PUSCH on available symbols no earlier than the starting symbol of original PUCCH resources through puncturing should be considered [5].
UCI piggyback on multi-slot PUSCH
In the contribution R1-1800054 [5], we will discuss how to map UCI on multi-slot PUSCH, and have the following proposal:
Proposal 11: 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].
Disable UCI piggyback function for URLLC PUSCH
In the contribution R1-1800054 [5], we will discuss the necessity to disable UCI piggyback function in order to guarantee the reliability of URLLC PUSCH, and have the following proposal:
Proposal 12: UCI piggyback on PUSCH can be disabled, if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’ [5].
Multiplexing of eMBB UCI and URLLC UCI
In the contribution R1-1800054 [5], we will 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 13: In case of PUCCH bearing latency-sensitive and reliability-demanding (LSRD-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 a condition of single serving cell for  in 9.1.3.2 of 38.213.
Proposal 2: Add the description of supporting UCI multiplexing between UL and SUL. The details are in the contribution [4].
Proposal 3: Change“or” into “,” in Table 9.3-3 in Section 9.3 of 38.213.
Proposal 4: For reserved REs of HARQ-ACK:
· 
The number of reserved REs is determined by formula (1) and (2) by setting  as 2 bits with the indicated/configured beta factor..

 （1）

                                                                     （2）
· The mapping of reserved REs is always continuous in a frequency first method.
Proposal 5: Support UCI being mapped onto the non-DMRS REs on DMRS symbol indicated by DCI for CP-OFDM waveform.
Proposal 6: Adopt the payload ratio of UCI and data as a baseline to divide the RE resources for UCI and data. The details are in the contribution [3].
Proposal 7: Support the implicit method to select beta factor based on rank of PUSCH. The details are in the contribution [3].
Proposal 8: 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 9: 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 10: For HARQ-ACK and A-CSI with PUCCH resource later than PUSCH, piggyback UCI on PUSCH on available symbols no earlier than the starting symbol of original PUCCH resources through puncturing should be considered [5].
Proposal 11: 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 12: UCI piggyback on PUSCH can be disabled, if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’ [5].
[bookmark: _GoBack]Proposal 13: In case of PUCCH bearing latency-sensitive and reliability-demanding (LSRD-UCI) overlaps with eMBB PUSCH, the overlapping symbols from PUSCH should be punctured [5].
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