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Introduction
In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop.  There are some issues on CSI reporting which need to be refined or updated in the specification. We provide our views and possible TPs on CSI related issues in this contribution.
Simultaneous UCI transmission on PUCCH
[bookmark: _Hlk500920575]In RAN1 #91, it has been agreed that CSI can be transmitted simultaneously with HARQ-ACK/SR as follows.
Agreements:
· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 3 or 4
· The HARQ-ACK/SR and CSI Part 1 bits are jointly encoded. CSI Part 2 bits are separately encoded.
· The HARQ-ACK/SR and Part I of CSI reports are jointly encoded with the configured maximum code rate of the PUCCH Format 3 or 4.
· The remaining resources (if any) in the configured PRB are used for encoding of the CSI Part 2 report. Some or all of the CSI Part 2 bits can be dropped using the same priority rules for CSI omission as for CSI on PUSCH.
However, in RAN1 NR AH03, it has been agreed that for long PUCCH (PUCCH format 3/4), CSI is jointly encoded if wideband CSI is reported; otherwise CSI is encoded as two parts. Hence the above agreement conflicts with the conclusion in MIMO session. It should be refined as 
· If the CSI reports to be transmitted with PUCCH format 3/4 are wideband, HARQ-ACK/SR and CSI bits are jointly encoded.
· If UE has sub-band CSI report(s) to be transmitted with PUCCH format 3/4, HARQ-ACK/SR and CSI Part 1 bits are jointly encoded, and CSI Part 2 bits are separately encoded.
TP 1: For TS 38.213 Subclause 9.2.5.2:
	If 
· [bookmark: _GoBack]a UE has periodic/semi-persistent CSI reports to transmit in a PUCCH and the UE determines a PUCCH format 2 to transmit HARQ-ACK/SR and PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE
· or the periodic/semi-persistent CSI reports to transmit in a PUCCH are wideband and the UE determines either a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR, and PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively,
· if …;
· else, ….
If a UE has  sub-band periodic/semi-persistent CSI reports to transmit in a PUCCH and the UE determines either a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR, and PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively
· if …;
· else, ….



Further, for the CSI omission rule applied on CSI Part 2, the above agreement indicates the CSI omission rule for PUSCH should be adopted as the following Table 5.2.3-1 in TS 38.214. However, in current TS 38.213, CSI omission for PUCCH is operated per CSI report, which is not consistent with previous agreements and approach in TS 38.214. 
Additionally, in current TS 38.214,  is used to denote the priority among complete CSI reports in Subclause 5.2.5. However, the priority for Part-2 CSI omission rule, which is agreed in the above agreements, is described in the Table 5.2.3-1. Hence TS 38.213 does not capture the above agreement correctly on the detailed priority rule.
Hence we have TP2.
Table 5.2.3-1: Priority reporting levels for Part 2 CSI
	Priority 0:

Part 2 wideband CSI for CSI reports 1 to 

	Priority 1:
Part 2 subband CSI of even subbands for CSI report 1

	Priority 2:
Part 2 subband CSI of odd subbands for CSI report 1

	Priority 3:
Part 2 subband CSI of even subbands for CSI report 2

	Priority 4:
Part 2 subband CSI of odd subbands for CSI report 2

	⁞

	
Priority :

Part 2 subband CSI of even subbands for CSI report 

	
Priority :

Part 2 subband CSI of odd subbands for CSI report 



TP 2: For TS 38.213 Subclause 9.2.5.2
	If a UE has  periodic/semi-persistent CSI reports to transmit in a PUCCH and the UE determines either a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR, and PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively
· if  for the  periodic/semi-persistent CSI reports, where  and , the UE shall transmit the HARQ-ACK/SR and the  periodic/semi-persistent CSI report bits using either PUCCH format 3 or PUCCH format 4;
· else, 
· if for  CSI part 2 report priority level(s), it is
 and 
, 
the UE selects  CSI part 2 report priority level(s), in ascending order of , where  is determined according tofollowing the priority defined in Table 5.2.3-1 [6, TS 38.214], for transmission together with the HARQ-ACK/SR and  CSI part 1 reports using either PUCCH format 3 or PUCCH format 4, 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 following the priority defined in Table 5.2.3-1 [6, TS 38.214]in ascending order of , and ;   
· else, the UE drops all CSI part2 reports and selects  CSI part 1 report(s), in ascending order of , where  is determined according to [6, TS 38.214], for transmission together with the HARQ-ACK/SR bits using either in PUCCH format 3 or in PUCCH format 4 where the value of  satisfies  and  , where  is the number of CSI report bits for the  CSI part 1 report in ascending order of  and .



Multiple CSI reports on PUCCH
In RAN1 AH1801, the case that multiple PUCCH resources for multiple CSI reporting collide in one slot is discussed. The following agreement is made [4].
Agreements:
· Support configuring the UE with J>=1 PUCCH resource configuration per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate))
· In case the PUCCH resources for two or more PUCCH-based CSI reports collide (at least partially overlap in time), the colliding CSI reports with the highest priorities are carried in a multi-CSI PUCCH resource and remaining CSI reports are dropped
· The number of included CSI reports is determined by the configured maximum code rate of the multi-CSI PUCCH resource 
· This applies to CSI only transmission on PUCCH, i.e. not multiplexed with HARQ-ACK
· The PUCCH resource for carrying multiple CSI reports does not need to be configured to a UE
· FFS if periodicity of multi-CSI resource needs to be defined
· FFS value of J
· Exact mechanism TBD in RAN1#92
The remaining issues includes the maximum value of J and the detailed mechanism to select PUCCH resources for multiple CSI transmission. 
LTE supports J=2. NR framework supports flexibly configuring multiple CSI report settings. The potential use cases includes multiple DL CCs, hybrid CSI, semi-OL CSI, Type I&II CSI, beam/RSRP reporting and so on. gNB would configure more than 2 report settings to implement the above use cases or their potential combinations. Thus NR CSI framework would cause more than 2 CSI reports collide in one slot. If J is still limited to 2, it would cause dropping a lot of CSI reports. We propose to have J=4.
Proposal 1: NR supports configuring the UE with at most J=4 PUCCH resource configurations per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate)).
If multiple CSI reports’ PUCCH resources in one slot collide in time domain/frequency domain, the target is to trade off the CSI report overhead and the number of transmitted CSI reports. In LTE, only one PUCCH resource can be selected from the two collided resources. If J is larger than 2, restricting only one resources to be transmitted in one slot would causing too much CSI dropping. Even if we restrict only one PUCCH resource to be transmitted in one OFDM symbol, we can still select multiple PUCCH resources to be report CSI in one slot. For example, in Fig. 1, 3 resources are configured in one slot, where Resource 1 and 2 collides, and Resource 2 and 3 collides. In this case, we can still select resource 1 and 3 to transmit CSI reports.
[image: ]
Fig. 1 PUCCH resources in one slot
The next issue is to determine the exact mechanism to transmit multiple CSI reports in the selected resource(s). Similar as LTE, a two-step approach can be used to select PUCCH resources from {R1,…,RJ} resources in one slot, in order to trade off CSI report overhead, UE complexity and number of transmitted CSI reports. Assume Cj is the configured maximum code rate of Rj, and REj is the occupied RE set of Rj. 
Step 1: Let {}= so that {} do not collide mutually, all CSI reports can be transmitted in the RE set  with  as the maximum code rate, and 

where  denotes the union set of the L RE sets, 1<=L<=J, , and  denotes the number of occupied REs in the union RE set. If  satisfying the about conditions can be found, UE transmits all the CSI reports in the occupied REs of the L0 resources  with maximum code rate .
Step 2: If  cannot be found in Step 1, it means we cannot transmit the complete J CSI reports in this slot. Then let {}= so that {} do not collide mutually, and 

where  denote the number of bits can be transmitted in the union RE set with maximum code rate . Multiple CSI reports are transmitted in the occupied REs of the L1 resources with maximum code rate . UE transmits as many CSI reports as possible following the priority rules defined in TS 38.214.
Proposal 2: Let {R1,…,RJ} be the number of configured PUCCH resources in the slot where collision happens. {C1,…,CJ} are the corresponding maximum code rates. Adopt the following two-step approach to select L resources  from {R1,…,RJ}, where the L resources do not collide mutually, and transmit CSI reports on the occupied REs in the L resources with maximum code rate .
· Step 1: {}= if {} do not collide mutually, all CSI reports can be transmitted in the occupied REs of {} with  as the maximum code rate and the number of occupied REs of {} is minimum. If {} can be found, UE transmits all CSI reports in the occupied REs of {} with  as the maximum code rate. Otherwise, go to Step 2.
· Step 2: {}= if {} do not collide mutually, and the number of bits can be transmitted in the occupied REs of {} with maximum code rate  is maximum. UE transmits as many CSI reports as possible, following the priority rules defined in TS 38.214, in the occupied REs of {} with maximum code rate .

CSI reporting periodicity
In last RAN1 meeting, the periodicities of CSI-RS and CSI reporting have been updated. The updated periodicities of CSI reporting include {4, 5, 8, 10, 16, 20, 40, 80, 160, 320} slots. Meanwhile, the periodicities for CSI-RS are updated to {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640} slots. It can be observed that CSI-RS supports {16, 32, 64, 640}-slot periodicities, but CSI does not support them. It would cause too sparse CSI reporting in time domain or unnecessary CSI reporting overhead. Therefore, in order to align periodicities of CSI-RS and CSI reporting, we have the following proposal.
Proposal 3: Support additional {16, 32, 64, 640}-slot periodicities for periodic CSI reporting on PUCCH and semi-persistent CSI reporting on PUCCH and PUSCH.
· Note: these periodicities have been supported for CSI-RS.

Conclusion
In this contribution, we provide TPs on CSI reporting related issue to the current NR specifications. In addition, we have the following proposals on some open issues.
Proposal 1: NR supports configuring the UE with at most J=4 PUCCH resource configurations per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate)).
Proposal 2: Let {R1,…,RJ} be the number of configured PUCCH resources in the slot where collision happens. {C1,…,CJ} are the corresponding maximum code rates. Adopt the following two-step approach to select L resources  from {R1,…,RJ}, where the L resources do not collide mutually, and transmit CSI reports on the occupied REs in the L resources with maximum code rate .
· Step 1: {}= if {} do not collide mutually, all CSI reports can be transmitted in the occupied REs of {} with  as the maximum code rate and the number of occupied REs of {} is minimum. If {} can be found, UE transmits all CSI reports in the occupied REs of {} with  as the maximum code rate. Otherwise, go to Step 2.
· Step 2: {}= if {} do not collide mutually, and the number of bits can be transmitted in the occupied REs of {} with maximum code rate  is maximum. UE transmits as many CSI reports as possible, following the priority rules defined in TS 38.214, in the occupied REs of {} with maximum code rate .
Proposal 3: Support additional {16, 32, 64, 640}-slot periodicities for periodic CSI reporting on PUCCH and semi-persistent CSI reporting on PUCCH and PUSCH.
· Note: these periodicities have been supported for CSI-RS.
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