Page 1
[bookmark: _Ref462675860]3GPP TSG RAN WG1 Meeting #95			R1- 1813946
Spokane, USA, November 12th – 16th, 2018      
[bookmark: Source][bookmark: _GoBack]Agenda item:	7.1.3.2
Source: 	Qualcomm Incorporated
Title: 	Summary of UCI multiplexing on PUSCH
[bookmark: DocumentFor]Document for:	Discussion/Decision
[bookmark: _Ref465963108]Introduction
In this contribution, a summary of companies’ view on PUCCH remaining issues (focusing on UCI multiplexing on PUSCH) is provided. 
[bookmark: _Ref471731770][bookmark: _Ref462669569]Summary of key proposals
Null A-CSI report without UL-SCH
A dummy/null A-CSI report without UL-SCH can be triggered with A-CSI-RS and with the report set to NULL (i.e. reportQuantity = none). There are a few use cases for this kind of null A-CSI report triggering. 
· Use case 1: Trigger UE monitor the A-CSI-RS for P3 beam refinement (UE receiver beam refinement, or transmit beam refinement assuming channel reciprocity)
· Use case 2: Trigger UE monitor aperiodic TRS for DL tracking loop and/or UE receiver/transmitter beam refinement
In the DCI (DCI format 0_1) triggering the UL A-CSI report, it has the following setting. 
· “UL-SCH indicator” set to “0” (no data)
·  “CSI request” set to non-zero but associated “reportQuantity” in CSI-ReportConfig set to “none” (no CSI report)
A few companies have submitted proposals to clarify what should be the UE behavior in this case. Based on these proposals, the following can be considered as a starting point for discussion to conclude this topic. 
Proposal 1: When a UE receives a DCI format 0_1 with “UL-SCH indicator” set to “0”, and with a non-zero “CSI request” where associated “reportQuantity” in CSI-ReportConfig set to “none”, down selection to one from the following options 
· Option 1: UE should not transmit PUSCH indicated by this DCI format 0_1. Other UL transmissions ignore this PUSCH indicated by this DCI format 0_1. [Supporting companies: Nokia?, QC, VIVO, ZTE, CATT]
· Option 2: UE treat this DCI format 0_1 as an error case. [Supporting companies: DCM, PANASONIC]
· Option 3 UE treat this DCI format 0_1 as a normal UL grant. [Supporting companies: PANASONIC]
Encoded UCI bits splitting between two hops when PUSCH freq hopping enabled
An issue was identified by Huawei in encoded UCI bits splitting between two frequency hops when UCI is multiplexing on PUSCH with frequency hopping enabled. For the case where CSI-part1, CSI-part2 and 0, 1 or 2 HARQ-ACK information bits are transmitted on UCI-only PUSCH with hopping, when the following 3 conditions are satisfied:
1) Hop1 and hop2 have equal number of data REs, i.e. [image: ];
2) [image: ] is not an integer multiple of [image: ], which makes [image: ];
3) [image: ], i.e. the non-reserved REs are fully occupied by CSI-part1;
it can be derived that there are at least two bad consequences: (1) CSI-part1 cannot be transmitted completely for the reason that [image: ], i.e. the non-reserved REs in hop2 is not enough for conveying CSI-part1 of hop2; and (2) some reserved REs of hop2 have no data to transmit. 

A few numerical examples are given in the Table (copy from HW contribution) below to illustrate the issue.
Table 1. Error case examples of UCI-only PUSCH with hopping
	Parameters
	Error case values

	
	Case1
	Case2
	Case3

	Layer number: [image: ]
	1
	1
	1

	Modulation order: [image: ]
	4
	6
	4

	[image: ]
	132
	162
	116

	[image: ]
	348
	414
	172

	[image: ]
	132
	162
	116

	hop1
	[image: ]
	60
	48
	36

	
	[image: ]
	64
	78
	56

	
	[image: ]
	172
	204
	84

	
	[image: ]
	68
	84
	60

	hop2
	[image: ]
	60
	48
	36

	
	[image: ]
	68
	84
	60

	
	Number of coded bits transmitted by non-reserved REs:
[image: ]
	172
	204
	84

	
	[image: ]
	176
	210
	88

	
	[image: ]
	64
	78
	56



Huawei has a proposal to fix the issue as following. 
Proposal 2a[HW]: Exchange the rounding down and rounding up operation to calculate the number of coded bits in each hop for both HARQ-ACK and reserved RE for HARQ-ACK. 
Some companies raised concern that the proposal is not backward compatible for the scenario where the above issue does not exist. Therefore, another solution is treating the above scenario as error case.  
Based on these proposals, the following can be considered as a starting point for discussion to conclude this topic.
Proposal 2: For UCI multiplexing on PUSCH with frequency hopping is enabled, after rate matching (as in Section 6.3.2.4) for UCI on PUSCH is determined, if the UCI partition rule between the two frequency hops (as in Section 6.2.7 in 38.212) leads to a case there are empty REs without UCI/data to transmit on them in either hop or there is not enough REs to transmit partitioned UCI in either hop  
· Option 1: Exchange the rounding down and rounding up operation to calculate the number of coded bits in each hop for both HARQ-ACK and reserved RE for HARQ-ACK.  (supporting companies: Huawei)
· Option 2: This case is an error case. How to handle the error case is up to UE implementation (Supporting companies: Nokia?, QC)
Issues on HARQ-ACK multiplexing on PUSCH with frequency hopping enabled
It was agreed in RAN1 #91 that HARQ-ACK should be multiplexed on nonDMRS symbols after first DMRS symbol(s). In last meeting, it was agreed to treat several cases as error cases where there is no nonDMRS symbol after first DMRS symbol(s). In the contributions submitted to this meeting, a few more cases where there is no nonDMRS symbol after first DMRS symbol(s) were identified and summarized as below 
· Case 1: HARQ-ACK overlapping with 8-symbol PUSCH with DMRS on the last symbol on the first hop when frequency hopping is enabled for the PUSCH
· Case 2: HARQ-ACK overlapping with 9-symbol PUSCH with DMRS on the last symbol on the first hop when frequency hopping is enabled for the PUSCH
· Case 3: HARQ-ACK overlaps with 5-symbol PUSCH with DMRS on the last two symbols when frequency hopping is not enabled for the PUSCH. 

Companies’ view on how to deal with those cases (and potentially unidentified error cases due to the same the reason cause) can be summarized in the following
Proposal 3: Regarding how to handle the following three cases of HARQ-ACK multiplexing on PUSCH, 
· Case 1: HARQ-ACK overlapping with 8-symbol PUSCH with DMRS on the last symbol on the first hop when frequency hopping is enabled for the PUSCH
· Case 2: HARQ-ACK overlapping with 9-symbol PUSCH with DMRS on the last symbol on the first hop when frequency hopping is enabled for the PUSCH
· Case 3: HARQ-ACK overlaps with 5-symbol PUSCH with DMRS on the last two symbols when frequency hopping is not enabled for the PUSCH. 
down select to one from the following options
· Option 1: Treat case 1/2/3 as error cases. (supporting companies: Nokia, DCM, QC)
· Option 2: Treat Case 3 as error case. Adopt the following TP for case 1/2 (Supporting companies: Huawei)


 and ;


  and  ;
· Option 3: Treat Case 3 as error case. Adopt the following TP for case 1/2 (Supporting companies: CATT, Spreadtrum)


 and ;
[image: ] and [image: ]
Note: No spec update is needed for error cases. 
Filler bits handling in UCI multiplex
In UCI multiplexing on PUSCH, an issue that was discussed in RAN1#94bis is the summation  has filler bits which should be excluded. While it is accurate to exclude the filler bits from this summation, doing so creates potential UE-base station compatibility issue implemented according to different versions of the standard.  
A summary of views from companies in this issue is provided as below.
Proposal 4: regarding filler bits issue in rate matching equations in Section 6.3.2.4.1.1, 6.3.2.4.1.2, and 6.3.2.4.1.3 in TS 38.212, down select to one from the following two options
· Option 1: Change the spec to remove filler bits by adopting the TP in draft CR “R1-1813471 Draft CR to TS 38.212 on UCI on PUSCH rate matching” [Supporting companies: E///]
· Option 2: No change in the spec is needed [Supporting companies: Samsung, Nokia]
Other proposals
Additionally, a similar case shown as Figure 1 should be also excluded. 
[image: ]
[bookmark: _Ref528589684]Figure 1. A new PUCCH overlaps with a single slot PUCCH colliding with a multi-slot PUCCH
Illustrating in the figure, the new determined single-slot PUCCH does not overlap with the multi-slot PUCCH directly, but overlaps with a common single-slot PUCCH colliding with a multi-slot PUCCH as well. The address for the overlapping channels included multi-slot PUCCH resource should follow corresponding description in subclause 9.2.6 of TS 38.213. In order to have a uniform design and avoid unnecessary iteration, this case should be also regarded as an error case.
Proposal 5[HW]: UE is not expected to have a group of overlapping single-slot PUCCH(s) that do not overlap with a multi-slot PUCCH to be multiplexed into a single-slot PUCCH resource that overlap with another single-slot PUCCH colliding with the multi-slot PUCCH.



Some variables e.g. ,  are defined under “if” condition of HARQ-ACK<=2 bits within the pseudo code in Section 6.2.7 in TS 38.212. But those variabled are also used under the “else” condition satisfied (HARQ-ACK>2bits). Huawei proposed the following TP to suggest re-organize the pseudo code.
Proposal 6[HW]: Adopt Draft_CR_3 in R1-1812182 for Section 6.2.7 in TS 38.212.

In subclause 6.3.2.4.2 of [2], the rate matching rules for HARQ-ACK, CSI-part1 and CSI-part2 with small block lengths are described by referring to the previous subclause 6.3.2.4.1. However, there are only descriptions for UCI with UL-SCH presented here, and the UCI-only scenario is missing. Thus the following TP is proposed.
Proposal 7[HW]: adopt Draft_CR_4 in R1-1812182 for Section 6.3.2.4.2 in TS 38.212.
On null CSI report on PUCCH/PUSCH, VIVO has two more proposals
Proposal 8[VIVO]: when UE is configured with a null CSI on PUCCH, UE ignores the CSI PUCCH resource.
· i.e., no CSI PUCCH transmission, thus
· no overlapping between the CSI PUCCH and other uplink channels
· Only for PUCCH for a P/SP-CSI report with reportQuantity = ‘none’
Proposal 9[VIVO]: when UE is scheduled a PUSCH with null CSI report and with UL-SCH, if the PUSCH overlaps with a PUCCH with CSI report(s)
· UE multiplexes the CSI report(s) carrying by PUCCH with UL-SCH on PUSCH

For less than or equal to 2 bits HARQ-ACK multiplexing on PUSCH, Fujisu has a proposal as below
Proposal 10[Fujisu]: Adopt the following TP for “Step 1” in Section 6.2.7 in TS 38.212
------------------------------------------Start of Text Proposal -------------------------------------------
< Unchanged parts are omitted >
if the number of HARQ-ACK information bits to be transmitted on PUSCH is 0, 0, 1 or 2 bits
------------------------------------------ End of Text Proposal -------------------------------------------
For UCI multiplexing on PUSCH with frequency hopping enabled, CATT has two more proposals to update the rules to portioning encoded UCI bits between two PUSCH hops. 
Proposal 11[CATT]: For UCI on PUSCH with UL-SCH and frequency hopping, the upper bound of RE resources in each hop should be considered in UCI partition rule for UCI on PUSCH with UL-SCH. Adopt Draft CR3_212 in R1-1812604 for TS 38.212.
Proposal 12[CATT]: For UCI on PUSCH with frequency hopping, UCI should be first allocated to the hop with limited resources and then the remaining UCI is allocated to the other hop. Adopt Draft CR3_212 in R1-1812604 for TS 38.212.
Sharp has following proposal to address a numerical issue in UCI dropping rule in 38.214. 
Proposal 13[Sharp]: The condition of dropping CSI-part2 in UCI on PUSCH without UL-SCH should be an inequality by using an integer value in order to avoid the fractional precision ambiguity. Adopt following text proposal #1 for TS 38.214 subclause 5.2.3.
	Text proposal #1
--------- beginning of text proposal for TS 38.214 subcluase 5.2.3 
5.2.3	CSI reporting using PUSCH 
[bookmark: _Hlk508613421]<omitted>

When part 2 CSI is transmitted on PUSCH with no transport block, lower priority bits are omitted untilthe number of Part 2 CSI reports code rate  is the maximum number of Part 2 CSI reports satisfying below a threshold code rate lower than one, where 


·  is the CSI offset value from Table 9.3-2 of [6, TS 38.213].
·  is the integer value of target code rate R x 1024 from Table 6.1.4.1-1;
· R is signaled code rate in DCI. 
·  is the rate matching output sequence length obtained from subclause 6.3.2.4.1.3 of [5, TS 38.212];
·  is the number of n-th CSI-part2 bits;
·  is the number of CRC bits for CSI-part2 defined according to Subclause 6.3.1.2.1 of [5, TS 38.212];
· is the number of CSI-Part2 reports after omission;
[bookmark: _Hlk515473278]If the UE is in an active semi-persistent CSI reporting configuration on PUSCH, the CSI reporting is deactivated when either the downlink BWP or the uplink BWP is changed. Another activation command is required to enables the semi-persistent CSI reporting.
--------- end of text proposal
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