[bookmark: OLE_LINK3]3GPP TSG RAN WG1#94b Meeting	R1-1811143
Chengdu, China, Oct 8th – Oct 12th, 2018

[bookmark: _Ref133120545]Source:	Sharp
Title:	Remaining issues on PUCCH
Agenda Item:	7.1.3.2
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. Introduction
In this contribution, we discuss remaining issues of PUCCH structure and UCI multiplexing.
2. [bookmark: OLE_LINK1]Discussion on PUCCH structure
2.1. Issue of CRC size
The issue of the CRC size to determine the number of PRBs had been reached following agreement in RAN1 #94 meeting [1]:
	Agreements:
· For the determination of the number of PRBs in 38.213 section 9.2.5.1 and 9.2.5.2, OCRC=11if the number of UCI bits is larger than or equal to 360; otherwise OCRC is the number of CRC bits calculated based on the number of UCI bits, as determined in 38.212.



Above agreement, however, is missing section 9.2.3 which also describes the determination method of the number of PRBs for HARQ-ACK only case. Therefore we propose that the CRC size calculation rule for the determination of the number of PRBs should be also applied in section 9.2.3 in TS 38.213 [2] as given in Text proposal #1.
Proposal 1: The CRC size calculation rule for the determination of the number of PRBs should be also applied in section 9.2.3 in TS 38.213 as given in Text proposal #1.

	[bookmark: _Ref500185963][bookmark: _Toc517265068]Text proposal #1
--------- beginning of text proposal for TS 38.213 
[bookmark: _Ref496994961][bookmark: _Toc517265061]9.2	UCI reporting in physical uplink control channel
<omitted>

A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211]. When the UE transmits two PUCCHs in a slot, at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2.
For the determination of the number of PRBs in Subclauses 9.2.3, 9.2.5.1 and 9.2.5.2,  if the number of respective UCI bits is larger than or equal to 360; otherwise,  is the number of CRC bits calculated based on the number of respective UCI bits as described in [5, TS 38.212].
<omitted>
9.2.5	UE procedure for reporting multiple UCI types
<omitted>
Subclauses 9.2.5.1 and 9.2.5.2 assume the following
-	resources for transmissions of UCI types, prior to multiplexing or dropping, overlap in a slot
-	multiplexing conditions of corresponding UCI types in a single PUCCH are satisfied, and 
-	the UE does not transmit any time-overlapping PUSCH in a same frequency band in the slot


For the determination of the number of PRBs in Subclauses 9.2.5.1 and 9.2.5.2,  if the number of respective UCI bits is larger than or equal to 360; otherwise,  is the number of CRC bits calculated based on the number of respective UCI bits as described in [5, TS 38.212].

--------- end of text proposal



2.2. PUCCH collision between CSIs 
At the RAN1 #93 meeting, the following agreement was made [3]:
	Agreements:
· On a per PUCCH group basis:
· If a UE is configured with overlapping PUCCH resources for CSI-only reporting in a slot,
· If  a UE is configured with multi-CSI-PUCCH-Config, the UE multiplexes all the CSI reports corresponding to CSI only PUCCH resources (overlapping or not) in the slot on a single multi-CSI-PUCCH resource, following the agreed priority rules for CSI reporting.
· If a UE is not configured with multi-CSI-PUCCH-Config, among all the PUCCH resources for CSI reporting, the UE selects maximum two non-overlapping PUCCH resources for CSI reports with the highest priority.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2. 
· For CSI-only reporting in a slot, if a UE is configured with more than two non-overlapping CSI reports in a slot, the UE selects the maximum two PUCCH resources with the highest priority CSI repots.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.




For the first main bullet in the agreement, it had been consistently captured in TS 38.213[2], however, the second main bullet had not been captured completely. The second main bullet of the agreement says that for CSI-only reporting in a slot, a UE selects the maximum two PUCCH resources with the highest priority CSI reports if a UE is configured with more than two non-overlapping CSI reports in a slot. From this agreement, we can consider the case that a UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList and there are more than two non-overlapped PUCCH for CSI reports in a slot. In this case, the UE also drops lower priority CSI reports which is same procedure as the second sub-bullet of the first main bullet in above agreement. However, this case has not been captured in current specification. Therefore we propose that the agreement covering following case that a UE is provided multi-CSI-PUCCH-ResourceList and there are more than two non-overlapped PUCCH for CSI reports in a slot should be captured in section 9.2.5 of TS 38.213 as text proposal #2.
Proposal 2: The agreement covering following case that a UE is provided multi-CSI-PUCCH-ResourceList and there are more than two non-overlapped PUCCH for CSI reports in a slot should be captured in section 9.2.5 of TS 38.213 as text proposal #2.
	[bookmark: _Toc517265066]Text proposal #2
--------- beginning of text proposal for TS 38.213 subcluase 9.2.5 
9.2.5	UE procedure for reporting multiple UCI types
This Subclause is applicable to the case that a PUCCH transmission is over a single slot. The case that a PUCCH transmission is with repetitions over multiple slots is described in Subclause 9.2.6.
If a UE is configured with multiple PUCCH resources in a slot to transmit only semi-persistent or periodic CSI reports
-	if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList and none of the multiple PUCCH resources overlap or if the UE is not provided higher layer parameter multi-CSI-PUCCH-ResourceList, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS38.214] 
-  if the first resource includes PUCCH format 2

<omitted>
--------- end of text proposal



3. Discussion on UCI multiplexing
3.1. Ambiguity on the precision of the fractional number in UCI on PUSCH without UL-SCH
The CSI reports can be transmitted on a PUSCH, and if an actual code rate of CSI-part2 is higher than a threshold code rate, then it will be partly or totally dropped until the condition is satisfied as described in [4, TS 38.214] or shown in following equation:
	
	(1)


where  is the actual code rate for CSI-Part2 given by
,
 and are the number of CSI-Part2 reports before and after dropping, respectively, and therefore the number of the dropped CSI-Part2 reports can be expressed by .  is the threshold code rate for PUSCH given by

where  is the target PUSCH code rate from MCS table and  is the CSI offset values for CSI-part2. At this point, we have to carefully treat the fractional number, especially in inequality because the precision of the fractional number is strongly depending on the performance of devices. As a realistic example, assuming that , , , UCI payload = 59 and . From this assumption, we can obtain that  and . A UE which has the capability to calculate the fractional number up to , derives  and . Consequently, the UE determines that Eq.(1) is satisfied, and stop dropping of CSI-part2. On the other hand, a gNB which has the capability to calculate the fractional number up to , derives  and . At this time, the gNB assumes that Eq.(1) is not satisfied, drops CSI-part2 report additionally and recalculate the size of UCI payload. As a result, the size of CSI-part2 will be different between the UE and the gNB so that a critical mismatch occurs which affects performance degradation.
Observation 1: The different precision of the fractional number between a UE and a gNB may cause mismatch the number of dropped CSI-part2 reports.
Actually, this is not a new issue that there was a similar problem in the Release 8 of LTE as described in [5]. In NR, we also have to deal with the precision issue. The simplest way is to use the integer value instead of the fractional number in the inequality. At first, we can start finding out solution from Eq.(1) as
.
Above inequality can be rewritten as 
.
We see that there is still a precision ambiguity in the above inequality due to the fractional number of  and . Since  is obtained from the value in Table 6.1.4.1-1 of TS 38.214 dividing by 1024, we can define . In other words,  is an integer value in Table 6.1.4.1-1 of TS 38.214 without dividing by 1024. Based on this definition, above inequality can be further rewritten by
.
Now, it is clear that both sides of inequality are all integer values. It is noteworthy that  becomes integer value for all listed values  in Table 9.3.2 of TS 38.213. Based on this fact, we propose that 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 as following in text proposal #3 for TS 38.214 subclause 5.2.3.
Proposal 3: 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 as following in Text proposal #3 for TS 38.214 subclause 5.2.3.
	Text proposal #3
--------- 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


3.2. Ambiguity on the CSI-Part2 size of two non-overlapped CSI reports
In RAN1#92bis meeting, it was agreed that, for multiplexing AN/SR and SP-CSI on a PUCCH resource, the reference payload for CSI-part2 is based on assuming by rank 1 [6] as below: 
	Agreements:
When AN/SR and SP-CSI PUCCH resources have the same starting symbol, multiplexing AN/SR and SP-CSI on a PUCCH resource. The reference payload for CSI part 2 is based on assuming by rank 1. 



The motivation to introduce the reference payload for CSI-part2 was to avoid unnecessarily occupied PUCCH resources. More specifically, CSI-part2 payload depends on the rank, and the UCI payload size affects PUCCH resource set selection. On the other hand, gNB does not know the rank without decoding CSI-part1. Eventually, the gNB cannot be aware of the actual PUCCH resource before decoding the UCI which is transmitted via the actual PUCCH resource. Therefore, the gNB has to attempt blind detections of the UCI in every possible PUCCH resource, and which causes unnecessary reservation of those PUCCH resources as shown in Fig.1, where solid line denotes configured PUCCH resources and broken line denotes new PUCCH resources in each iteration.


Figure 1: The issue solved by RAN1#92bis agreement
An iterative approach is adopted for multiplexing UCI in overlapping PUCCH resources as agreed at RAN1#93 meeting shown in below [3]. 
	Agreements:
· For step 1, while there are overlapping PUCCH resources in a slot,
· The UE determines the PUCCH resource (resource A) that overlaps with at least another PUCCH resource with the priority order of earliest followed by largest duration (if applicable)
· In case of multiple candidates for resource A, the UE can pick one (implementation-specific)
· The UE determines a set of PUCCH resources (resource set X) overlapping with PUCCH resource A. 
· The UE determines a PUCCH resource and corresponding UCI for multiplexing the PUCCH resource A and PUCCH resources in set X in one shot.
· The determined PUCCH resource and the corresponding UCI replace resource set X and resource A 
· For step 1, when there is no more overlapping PUCCH resources in the slot, the UE determines “the timeline requirements for overlapping UL channels”. If the requirement is met, the UE proceeds to Step 2. 
· Note: the above is per PUCCH group
· The above agreements is to replace Step 1 in the agreements under 7.1.3.2.3



Figure 2 shows an example for the iterative approach when two non-overlapping PUCCH resources for CSI reports and a PUCCH resource for HARQ-ACK/SR. In Fig.2, solid line denotes configured PUCCH resources and broken line denotes new PUCCH resources in each iteration. 


Figure 2: UCI multiplexing with an iterative approach
· In the first iteration: 
a) A UE determines the PUCCH resource for HARQ-ACK/SR as Resource A, and the PUCCH resource for HARQ-ACK/SR and the PUCCH resource for CSI#0 that collides with the Resource A as Resource set X (blue colored in Fig.2). 
b) The UE multiplexes UCI in Resource set X into a single PUCCH resource (PUCCH resource for HARQ-ACK/SR/CSI#0 in Fig.2) as described in Subclause 9.2.5.2 in TS38.213 where the single PUCCH resource is given by a PUCCH resource set determined by reference UCI payload size NUCI. NUCI is total UCI payload size in Resource set X assuming rank 1 to maintain common understanding on NUCI between gNB and UE. Thus, NUCI is calculated as NUCI = OACK + OSR + OCSI0_ref where OCSI0_ref is the reference CSI payload size for CSI#0 assuming rank 1. The single PUCCH resource among the PUCCH resource set is identified by PUCCH resource indicator field value in PDCCH scheduling PDSCH corresponding to the HARQ-ACK. 
c) Based on configured maximum coding rate and CSI payload size OCSI0, the UE determines UCI payload size NUCI = OACK + OSR + OCSI0,select included in the single PUCCH resource where OCSI0,select is the CSI payload size after the CSI selection procedure with rank determined by the UE.
· In the second iteration: 
a) The UE determines Resource A (i.e. PUCCH resource for HARQ-ACK/SR/CSI#0) and Resource set X (i.e. PUCCH resource for HARQ-ACK/SR/CSI#0 and PUCCH resource for CSI#1) based on the results by the first iteration.
b) The UE determines a PUCCH resource set based on reference UCI payload size NUCI where NUCI = OACK + OSR + OCSI0,select ref + OCSI1_ref and OCSI0,select_ref is the reference CSI payload size for OCSI0,select assuming rank 1 and OCSI1_ref is the reference CSI payload size for CSI#1. 
We see the issue that gNB cannot know OCSI0,select_ref since OCSI0,select depends on the CSI selection result at the UE side.More specifically, the gNB cannot know whether CSI-part2 of CSI#0 is dropped or not in the first iteration. Similarly to the issue that we have solved in RAN1#92bis, this ambiguity also causes unnecessarily occupied PUCCH resources. 
Observation 2: There is the possibility that gNB cannot be aware of a selected PUCCH resource, due to an ambiguity on CSI-part2 dropping at UE side.
To maintain gNB and UE common understanding on NUCI, we propose to assume a fixed rank for coding rate based CSI selection procedure. 
Proposal 4: UEs assume a fixed rank to determine number of CSI reports with CSI-part2 in a PUCCH in UCI multiplexing procedure for HARQ-ACK/SR/CSI.
For the fixed rank assumption, there are at least two alternatives as following.
1. Rank 1 assumption for CSI-part2
2. Maximum rank assumption for CSI-part2
Alt.1 has a tendency not to drop CSI reports with CSI-part2 even when actual coding rate exceeds the configured maximum coding rate since the number of CSI report bits are estimated smaller than actual. On the other hand, Alt.2 guarantees the actual coding rate lower than the maximum coding rate.
From the view point of reliability, we prefer to assume maximum rank to determine number of CSI reports with CSI-part2.
Proposal 5: UE assumes maximum rank among allowed rank indicator values to determine number of CSI reports with CSI-part2 in a PUCCH in UCI multiplexing procedure for HARQ-ACK/SR/CSI.
Proposal 6: Text proposal#4 is adopted.

	Text proposal #4
--------- beginning of text proposal for TS 38.213
[bookmark: _Toc517077657]9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
-------- Unchanged contents are omitted
If a UE has HARQ-ACK, SR, and sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 
-	the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-	the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for  UCI bits
and




-	if [image: ], the UE transmits the HARQ-ACK, SR and the  periodic/semi-persistent CSI report bits by selecting the minimum number  of PRBs from the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1
-	else, 

-	if for  CSI part 2 report priority level(s), it is

 and 

, 










the UE selects the first  CSI part 2 report priority level(s), according to [6, TS 38.214], for transmission together with the HARQ-ACK, SR and  CSI part 1 reports , where  is the number of CSI part 1 report bits for the  CSI report and  is the number of CSI part 2 report bits for the  CSI report priority level assuming maximum rank among allowed rank indicator values for the UE,  is a number of CRC bits corresponding to , and  is a number of CRC bits corresponding to  








-	else, the UE drops all CSI part 2 reports and selects  CSI part 1 report(s), in ascending priority order, for transmission together with the HARQ-ACK and SR information bits where the value of  satisfies  and , where is a number of CRC bits corresponding to  UCI bits, and  is a number of CRC bits corresponding to  UCI bits
-------- Unchanged contents are omitted
--------- end of text proposal



4. Conclusion
In this contribution, we propose
[bookmark: _References]Proposal 1: The CRC size calculation rule for the determination of the number of PRBs should be also applied in section 9.2.3 in TS 38.213 as given in Text proposal #1.
Proposal 2: The agreement covering following case that a UE is provided multi-CSI-PUCCH-ResourceList and there are more than two non-overlapped PUCCH for CSI reports in a slot should be captured in section 9.2.5 of TS 38.213 as text proposal #2.
Proposal 3: 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 as following in Text proposal #3 for TS 38.214 subclause 5.2.3.
Proposal 4: UEs assume a fixed rank to determine number of CSI reports with CSI-part2 in a PUCCH in UCI multiplexing procedure for HARQ-ACK/SR/CSI.
Proposal 5: UE assumes maximum rank among allowed rank indicator values to determine number of CSI reports with CSI-part2 in a PUCCH in UCI multiplexing procedure for HARQ-ACK/SR/CSI.
Proposal 6: Text proposal#4 is adopted.
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