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As the first version of NR NSA is published, to resolve remaining issues and facilitate the completion of  standardization for NR PUCCH structure in long duration, this summary serves two purposes based on the review of the submitted contributions
· identify necessary connections and missing agreements in spec
· resolve remaining issues essential to the spec 

Summary of necessary connections and missing agreements
After reviewing the submitted Tdoc, some important corrections/missing arguments could be summarized as follows
1. Correction on frequency hopping for PUCCH format 1
2. Correction on multiplexing SR and HARQ-ACK
3. Correction on multiplexing CSI and HARQ-ACK/SR A
4. Correction on multiplexing CSI and HARQ-ACK/SR B
5. Correction on multiplexing multiple CSIs and HARQ-ACK/SR
6. Correction on assumed RI for CSI part 2
7. Correction on PUCCH resource ordering for multi-CSI PUCCH resource

Key correction 1: Correction on frequency hopping for PUCCH format 1
In clause 6.3.2.4.1 of TS 38.211, SF (spreading factor) for PUCCH format 1 is determined by “No intra-slot hopping” or “Intra-slot hopping”. However, the meaning of “No intra-slot hopping” or “Intra-slot hopping” is not clear. NTT DCM believes the meaning of “No intra-slot hopping” or “Intra-slot hopping” for the UE is configured by the higher layer parameter PUCCH-frequency-hopping as “disabled” or “enabled”, regardless of whether the values of startingPRB and secondHopPRB are the same or not.
Therefore the following proposal is proposed
Proposal 2-1: In the table 6.3.2.4.1-1 of TS38.211,
· No intra-slot hopping is replaced as PUCCH-frequency-hopping = “disabled”.
· Intra-slot hopping is replaced as PUCCH-frequency-hopping = “enabled”.

Key correction 2: Correction on multiplexing SR and HARQ-ACK
It is not clear that which PUCCH format is used for HARQ-ACK and SR transmission in the section 9.2.5.1 of TS 38.213 for the multiplexing of SR and HARQ-ACK using PUCCH format 0 or PUCCH format 1. It should be noticed that we do not have agreement for the multiplexing rule of the overlapping between SR with PF1 and HARQ-ACK with PF0, and we have agreement to drop SR for the overlapping between SR with PF0 and HARQ-ACK with PF1. The TP can be found in Sec 2.5 of R1-1806295 from CATT

Key correction 3: Correction on PUCCH resource set determination when multiplexing CSI and HARQ-ACK/SR 
In RAN1#91 meeting, PUCCH resource set is determined by UCI size. So in TS38.123, the CRC size should not be included. The TP can be found in Sec 2.5 of R1-1806295 from CATT.

Key correction 4: Correction on CRC generation when multiplexing CSI and HARQ-ACK/SR
As different from CSI-part2, the number of CRC bits for CSI-part1 should consider HARQ-ACK/SR due to the joint coding if HARQ-ACK/SR is present. In current Specification (TS 38.213), however, it is not appropriately captured. The TP can be found in R1-1806947 from Sharp
Proposal 2-4: Change the definition of the number of CRC bits for CSI-part1. The details are described in the text proposal #3 for TS 38.213, Subclause 9.2.5.2.

Key correction 5: Correction on multiplexing multiple CSIs and HARQ-ACK/SR
When more than one CSI reports are configured with the same starting symbol as HARQ-ACK/SR transmission, the colliding CSI reports should be first combined into one single multi-CSI PUCCH resource and in the second step, collision between this combined CSI report and HARQ-ACK/SR should be handled. And the PUCCH resource set should be determined by the total number of CSI bits after dropping. The TP can be found in R1-1806519 from Intel.

Key correction 6: Correction on assumed RI for CSI part 2
It is understood from the discussion in the PUCCH session that the rank 1 assumption on the CSI part 2 payload size is made only for calculation of the total UCI payload size for the purpose of determining PUCCH resource. The TP can be found in R1-1806621 from LGE by considering the following proposal.
Proposal 2-6: A TP is proposed for clarification on the following two points:
1) How UE determines a number of resources for a corresponding PUCCH format
2) When UE assumes rank 1 and when UE does not assume rank 1

Key correction 7: Correction on PUCCH resource ordering for multi-CSI PUCCH resource


In order to determine a PUCCH resource with the smallest capacity to transmit UCIs, in TS 38.213 (section 9.2.5.2), “the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order , and configured code rate ”. Such resource ordering is not applicable for PUCCH format 4, since the block-wise spreading is used by PUCCH format 4. The TP can be found in R1-1806835 from OPPO by considering the following proposal.
Proposal 2-7: Spreading factor of PUCCH format 4 shall be used for PUCCH resource ordering.

Summary of essential issues
After reviewing the submitted Tdoc, some remaining key issues are identified and summarized as follows

1. CGS ordering for NR
2. Partial overlap for multi-slot PUCCH/PUSCH
3. Reference CRC for PUCCH resource determination
4. Limitation on multi-slot PUCCH repetition
5. Collision of P-CSI and HARQ-ACK with format 0/1
6. Configuration of number of multi-slot PUCCH
7. Pre-DFT-OCC for PF4
8. Flexible symbol for multiple slots PUCCH
9. Multi-CSI PUCCH resource

Key issue 1: Group re-ordering of new CGS
In NR, base sequences with different lengths are divided into 30 groups. In order to reduce inter-cell interference, the cross-correlation of sequences with different lengths from different groups should be minimized. However, after introducing new sets of CGS in NR to reduce the PAPR, re-ordering (grouping) is not done to achieve the abovementioned purpose. The consequences would be that even though PAPR within each cell is reduced as compared with LTE, the inter-cell interference could still be high due to the lack of necessary re-ordering (grouping).
[bookmark: _GoBack]To solve the above-mentioned issue, the proposal of CGS group re-ordering to minimize the cross-correlation among CGS and other sequences with different lengths was proposed and discussed extensively in a couple of meetings since Jan of 2018. Majority companies feel this simple correction of CGS group re-ordering would bring benefits with minimal spec correction and they either support or stay neutral on this. However, a few companies raised concerns of being late to introduce this correction for NR Rel-15 while other companies do not feel this is an issue.  After some offline discussion with those companies which have concerns, some seems being convinced of the benefits that such corrections may bring with the minimal impact on spec and implementation and they may withdraw their objections to this proposal.  Some more simulation results are also included in R1-1807307 to show the gain of such corrections in real deployment.  Given that, the following proposal could be considered again. 
Proposal 3-1: 
· Re-ordering of length-24, length-18 and length-12 CGS should be supported.

Key issue 2: Partial overlap for multi-slot PUCCH/PUSCH
Key issue 2a: When single slot PUCCH overlap with multi-slot PUSCH
· Alt 1: UE is not expected to be scheduled a single-slot PUCCH overlap with a multi-slot PUSCH with different starting symbol;
· Supportive companies:  Vivo
· Alt 2: If timeline requirement is satisfied, piggyback UCI as early as possible
· Supportive companies:  Samsung
· Alt 3: If timeline requirement is satisfied, piggyback UCI on the overlapped PUSCH.
· Supportive companies: HW

Key issue 2b: When multi-slot PUCCH overlap with single slot PUSCH
· Alt 1: Drop PUSCH.
· Supportive companies: HW,CATT, Samsung,Vivo

Key issue 2c: When single slot SR overlap with multi-slot PUCCH
· Alt 1: If SR overlap with multi-slot PUCCH, Puncture REs in each overlapped PUCCH.
· Supportive companies: ZTE
· Alt 2: If SR overlap with multi-slot PUCCH, Piggyback SR on every PUCCH.
· Supportive companies: HW
· Alt 2: If SR/CSI overlap with multi-slot PUCCH, drop SR/CSI.
· Supportive companies: CATT

Key issue 2d: When multi-slot PUCCH overlap with multi-slot PUSCH
· Alt 1: If all PUCCH overlap with PUSCH, piggyback UCI on PUSCH; otherwise drop PUSCH or PUCCH
· Supportive companies: HW
· Alt 2: If UL grant is earlier than DL assignment, reuse the multiplexing mechanism of single slot case.
· Supportive companies: ETRI

Key issue 3: Reference CRC for PUCCH resource determination
The number of coded UCI bits after rate matching depends on the number of PRBs but the number of PRBs used for transmitting PUCCH formats 2 and 3 is determined by the UCI payload and CRC bits. To solve the “chicken-egg” problem for the CRC and PRB number determination, Sharp and CATT prefer to use a reference CRC size of 11 bits to determine the number of PRBs for PUCCH format 2 or PUCCH format 3 transmission when the UCI payload is from 360 to 1012 bits.
· Support
· Sharp, CATT.
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-3: 
· when 360<=A<=1012, 11 bits CRC size is used to determine PUCCH resource
	Note: It is just used to determine PUCCH resource but not PUCCH resource set.
Key issue 4: Limitation on multi-slot PUCCH repetition
UCI repetition on PUCCH is supported for long PUCCH formats. However, it is not clear whether such PUCCH repetition is supported for all UCI types or only for HARQ-ACK. For simplicity we prefer to reuse the LTE design principle to limit repetition to only HARQ-ACK transmission.
· Support
· CATT.
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-4: 
· It should be clarified that PUCCH repetition is only used for HARQ-ACK.

Key issue 5: Collision of P-CSI and HARQ-ACK with format 0/1
When HARQ-ACK/SR PUCCH resource determined by ARI and configured CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, select from one of the following alternatives:
· Alt 1: The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
· Supportive companies:  E///, spreadtrum, OPPO, HW
· Alt 2: HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI
· Supportive companies:  Nokia, Vivo, ZTE, Panasonic, CATT, Lenovo, DCM
· Alt 3: HARQ-ACK/SR is transmitted on the HARQ-ACK/SR PUCCH resource and CSI reporting is dropped in that slot.
· Supportive companies: LG, Vivo, Panasonic

Key issue 6: Configuration of number of multi-slot PUCCH
In R1-1806800 from MTK, it is mentioned that as multi-slot PUCCH is only applicable to long-PUCCH, and hence there are three independent RRC parameters “nrofSlots (number of slots)” for each PUCCH format of long-PUCCH. This provides flexibility for NW to configure different values of nrofSlots for different PUCCH format. So far, there is no scenario raised yet, which benefit from such flexibility. However, there are many design details left unresolved to support such flexibility. So it is believed that gNB should configure the same value for nrofSlots among different PUCCH formats.
Given that, the following proposal could be considered
Proposal 3-6: 
· UE expects the same configured value for nrofSlots among different PUCCH formats.
· nrofSlots : higher layer parameter regarding to the number of slot for multi-slot PUCCH



Key issue 7: Pre-DFT-OCC for PF4
In [QC, R1-1807358], it was observed that for PUCCH format 4, the /2 Pi BPSK with pre-DFT-OCC index 0 and 2 will lead to higher PAPR, therefore it is proposed to replace them with two new OCC as follows

-> [+1, , , +1, , , +1, , , +1, , ]

-> [+1, , , -1, , , +1, , , -1, , ]
Companies are encouraged to express their view on this proposal. 
Proposal 3-7: for the case of PF4 with SF=4, pre-DFT-OCC should be changed for the low PAP. 


Key issue 8: Flexible symbol for multiple slots PUCCH
In R1-1807234 from Wilus, it is proposed that the symbol after DL symbol or “SS/PBCH” cannot be used for long PUCCH transmission, it must be used for GP.
Proposal 3-8: 
· A UE is not expected that the flexible symbol right after SS/PBCH block or the last DL symbol in a slot is indicated or configured for long PUCCH transmission.

Key issue 9: Multi-CSI PUCCH resource
In RAN1 #92 meeting, it was agreed that up to 2 multi-CSI PUCCH resources can be configured to a UE per UL BWP and the basic principle behind the PUCCH resource determination when more than one multi-CSI PUCCH resource is configured is to choose the multi-CSI PUCCH resource with the smallest capacity but such that the CSI payload of all colliding CSI reports is not larger than the capacity. there is no such restriction that the configured two multi-CSI PUCCH resources shall not have the same capacity. If configuring two multi-CSI PUCCH resources with the same capacity is allowed for some reasons:
· Define a rule to choose multi-CSI resource when maximum payload size of two resource are same.
· LGE
· UE does not expect to be configured with two multi-CSI-PUCCHs with the same product of a number of corresponding REs, modulation order Qm, and configured code rate r.
· MTK
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Appendix: Past meeting agreement
Agreements:
· 

 is to be replaced by  in  and  in clause of 6.3.2.6.4  in TS 38.211 

Agreements:
· Revise  to  and  to . for UCI scrambling for PUCCH format 3 & 4 in clause of 6.3.2.6.1 of TS 38.211.
Agreements:
· To introduce a linkage in the spec between CS index of DMRS and index of OCC for pre-DFT-OCC (PUCCH PF4) as following 
· 0,6,3,9 (CS index of DMRS ) ->  0,1,2,3 (index for OCC) for SF = 4 
·  0,6 (CS index of DMRS ) -> 0,1  (index of OCC)  for SF =2
Agreements:
· Revise “length of the orthogonal cover code” to “Spreading factor of PUCCH format 4” in clause of 9.2.1 of TS38.213 for multiplexing capacity of PUCCH format 4.

Agreements:
· For PUCCH format 1, time domain OCC index obtained from PUCCH resource is used as OCC index for both UCI and DMRS within each hop when frequency hopping is enabled or within the duration of PUCCH when frequency hopping is disabled.

Agreements:
· The ‘unknown’ symbols in semi-static DL/UL assignment can be used for long PUCCH transmission over multiple slots when a UE receives a grant to transmit the long PUCCH
Agreements:
· Add to clause of 6.3.2.1, 38.211 to clarify the hopping boundary in time when frequency hopping is enabled for PUCCH format 1, 3 and 4, the number of symbols in the first hop is given by floor(PUCCH length in symbols/2). 

Agreements:
For inter-slot hopping pattern for long PUCCH over multiple slots, the following options can be down-selected
· A first PRB for PUCCH transmission is provided by higher layer parameter PUCCH-starting-PRB and a second PRB for PUCCH transmission is provided by higher layer parameter PUCCH-2nd-hop-PRB (already agreed)
· After long PUCCH over multiple slot starts, the first PRB is used for PUCCH transmssion in the even slot, the second PRB is used for PUCCH transmssion in the odd slot. 
· The slot index is counted after long PUCCH starts regardless if it is actually used for long PUCCH transmssion over multiple slots
image2.wmf
r


oleObject2.bin

image3.wmf
[

]

1

1

1

1

1

1

1

1

1

1

1

1

+

+

+

+

+

+

+

+

+

+

+

+


oleObject3.bin

image4.wmf
[

]

1

1

1

1

1

1

1

1

1

1

1

1

-

-

-

+

+

+

-

-

-

+

+

+


oleObject4.bin

image5.wmf
)

1

(

),...,

0

(

symb

-

M

y

y


oleObject5.bin

image6.wmf
)

1

(

),...,

0

(

symb

-

M

z

z


oleObject6.bin

image1.wmf
m

Q


oleObject1.bin

