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As the first version of NR NSA is published, to resolve the 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 corrections and missing agreements in spec
· Resolve remaining issues essential to the spec 

Summary of necessary corrections and missing agreements
After reviewing the submitted Tdoc, some important corrections/missing arguments could be summarized as follows
1. Low-PAPR sequence generation
2. Group hopping and sequence hopping
3. Cyclic shift determination
4. Transform precoding for PUCCH format 3/4
5. DMRS to RE mapping for PUCCH format 3/4
6. Pre-DFT-OCC for PUCCH format 4
7. Scrambling sequence for PF3/4
8. Linkage between CS for DMRS and index for OCC (PF4)
9. Coded bits for CSI part I and HARQ-ACK
10. Multiplexing capacity for PUCCH format 4
11. Cyclic shift for DMRS sequence of PUCCH format 3 & 4
12. Intra-slot hopping boundary for PUCCH format 1, 3 & 4 
13. Correction on PUCCH multiplexing
14. Determination of OCC index for DMRS symbols in PUCCH format 1

Key correction 1: Low-PAPR sequence generation
In clause 5.2.2 of 38.211 v15.0.0, formula for low-PAPR sequence generation has been defined as following,







where  is the length of the sequence and . Multiple sequences are defined from a single base sequence through different values of  and . The quantity .






But in fact, if ,  will be equal to 0 always, and parameter  and  will be not useful in sequence generation. To simplify the formula and avoid confused understanding, parameter  and  related parts should be removed from the formula. And several parts in specification need to be updated, which include the formula of low-PAPR sequence generation, the definition of sequence in PUCCH, PUSCH DMRS and SRS session.[R1-1800834, R1-1800133]
· Support:   Huawei, ZTES

Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-1: Removing irrelevant parameter in low-PAPR sequence generation.
Suggested TP is contained in [R1-180834]

Key correction 2: Group hopping and sequence hopping




In TS 38.211, clause 6.3.2.2.1, the sequence group  and the sequence number  within the group depends on the hopping mode. The initialization of pseudo-random sequence for grouping hopping and sequence hopping have not been determined. The similar design in LTE can be considered as the baseline which initializes could be initialized as , where the is configured by higher layers (ScramblingID), otherwise,  

· Support:    Nokia[R1-1800559], ZTE[R1-1800134], LGE[R1-1800375] CATT [R1-1800253]

Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-2: Define the initialization of pseudo-random sequence for grouping hopping and sequence hopping, similar design as LTE can be considered as the baseline.


Key correction 3: Cyclic shift determination
In TS 38.211, clause of 6.3.2.2.2, the formula of cyclic shift determination is defined as 


In TS 38.213, mcs is defined as 


That will lead to a wrong definition of cyclic shift:



To align both TS 38.211 and 38.213, the formulas for cyclic shift in TS 38.211 and TS 38.213 needs to be revised (may need interested companies to harmonize their TP proposal)
· Support
· LGE[R1-1800375], Intel[R1-1800327], CATT [R1-1800253]

Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-3: Revise the formula of cyclic shift determination in TS38.211 or TS 38.213. Harmonize the proposed TP from different companies

Key correction 4: Transform precoding for PUCCH format 3/4
In TS 38.211, clause of 6.3.2.6.4, the formula of transform precoding for PUCCH format 3/4 is defined as 

The block of complex-valued symbols  shall be transform precoded according to



resulting in a block of complex-valued symbols . 




Since the number of modulated symbol should be , not just ,  and  should be revised as and 
· Support:    Intel[R1-1800725] 

Proposed agreement (Tues)
Proposal 2-4:


 should be replaced by  in  and  in clause of 6.3.2.6.4  in TS 38.211 


Key correction 5: DMRS to RE mapping for PUCCH format 3/4
In TS 38.211, clause of 6.4.1.3.3.2, the following DMRS to RE mapping is defined: 





The sequence shall be multiplied with the amplitude scaling factor , , in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  on antenna port  according to


where 

-	   is defined relative to subcarrier 0 of common resource block 0, 


-	 is given by Table 6.4.1.3.3.2-1 for the case with and without frequency hopping and with  corresponding to the first OFDM symbol of the PUCCH transmission. 
By doing this, when a UE’s PUCCH RB assignment is given, the DMRS sequence for this UE is just a segmentation of the long mother sequence. The segmentation is based on UE’s PUCCH RB assignment. This segmentation is not a ZC sequence anymore. Therefore, low PAPR of ZC based DMRS for PUCCH format 3/4 is not preserved.  
A simple solution to fix this issue is define k relative the lowest subcarrier in the RBs allocated to PUCCH format 3/4.  
· Support:     QC[R1-1800872]

Proposal 2-5: Revise “ k is defined relative to subcarrier 0 of common resource block 0”  in clause 6.4.1.3.3.2 of TS 38.211 into “k is defined relative the lowest subcarrier in the RBs allocated to PUCCH format ¾”.

Action 
· Check with Stefan
· Check the linkage between “m” and “k” to make sure the sequences used is ZC sequences

Key correction 6: Pre-DFT-OCC for PUCCH format 4
As described [R1-1800872], Pi/2 BPSK with pre-DFT-OCC index 0 and 2 will have higher PAPR (index 0 will be 3.7 dB, index 2 will be 2.8 dB, index 1&3 will be 1.8 dB), therefore it is proposed to modify pre-DFT-OCC as:

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

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

· Support:     QC[R1-1800872]

Companies are encouraged to express their view on this proposal. 

Discussion:
· Provide PAPR results for QPSK 
· Check other important aspects (maintain comb structure in frequency)
· Need to provide CM results
· SF =2 
· Whether it is a scenario that needs to be optimized using Pi/2  BPSK (4 users for PF4)
· Whether it is essential for Rel-15

Key correction 7: Scrambling sequence for PF3/4
In TS 38.211, clause of 6.3.2.6.1,  the scrambling sequence for PUCCH format 3/4 are defined as c(q)(i), where (q) is just used for data channel only. So (q) should be removed from scrambling sequences for control channel.

· Support:    Intel[R1-1800725], Nokia [R1-180559]

Proposal agreement (Tues)
Proposal 2-7: 
· Revise  to  and  to . for UCI scrambling for PUCCH format ¾ in clause of 6.3.2.6.1 of TS 38.211.


Key correction 8: linkage between CS for DMRS and index for OCC (PF4)
The following agreements were reached in RAN1 #91 meeting
Agreements:
· The OCCs for PUCCH format 4 are supported as shown in the following table.
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Agreements:
· Value range of starting symbol in a slot is 0 -13 for PUCCH Format 0 and 2.
· FFS: Not all values can be configured for a UE.
· The index of initial cyclic shift for DMRS for PUCCH format 3 is 0.
· The index of initial cyclic shift for DMRS for PUCCH format 4 can be 0, 3, 6, 9 which is determined by index of pre-DFT OCC.
· FFS: the cyclic shift hopping (no RRC impact)
· For 1-PRB, the same set of length-of-12 sequences as in Format 0 are used for DMRS in Format 3 and 4.


However, in TS 38.211, clause of 6.3.2.2.2, linkage between cyclic shift of DMRS sequence and pre-DFT-OCC (PF4) sequence is missed. It is therefore to propose to have such linkage. 

· Support:     LGE (R1-1800376), DCM, ZTE 
· 
Proposal 2-8: Set up a linkage between CS of DMRS and index for OCC for pre-DFT-OCC (PUCCH PF4) as of 0,6,3,9 ->  0,1,2,3.

Proposed agreement (Tues)
Proposal 2-8: Set up a linkage 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


Key correction 9: Coded bits for CSI part I and HARQ-ACK

In TS 38.212, clause 6.3.1.4.1, the coded bits are calculated by . To make sure  EUCI lead to integral multiple of Qm, it is proposed to change the above formula to [image: ].

· Support:     LGE (R1-1800376)

Proposal 2-9: Modify Table 6.3.1.4.1-1 in TS 38.212 to guarantee the output sequences of CSI part 1 and CSI part 2 after rate mating are multiples of modulation order (Qm)..
· Refer suggested TP in R1-1800376

Conclusion:
· Raise the issue and check with coding people to seek the appropriate solution


Key correction 10: Multiplexing capacity for PUCCH format 4
In TS 38.213, clause of 9.2.1, the “length of preDFT-OCC is 2 or 4” is not a correct description. It would be better to use spreading factor of 4.

· Support:     Huawei[R1-1800841]

Proposal 2-10:  Revise the description in TS38.213 for multiplexing capacity of PUCCH format 4.

Proposed agreement (Tues)
Proposal 2-10:  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.

· Refer to TP in R1-1800841

Key correction 11: Cyclic shift for DMRS sequence of PUCCH format 3 & 4
In TS 38.211, cyclic shift for DMRS sequence of PUCCH format 3 & 4 has been defined in clause 6.4.1.3.3.1 Therefore, in clause of 6.3.2.2, , the sequences and corresponding cyclic–shift is only applicable to PF0 and PF1, so the description in 6.3.2.2.2 need to be revised.

· Support:   Huawei [draft TP in R1-1800842]

Proposal 2-11: Revise the description on CS to be only applicable for PUCCH format 0 and 1 in clause 6.3.2.2 of TS 36.211

Proposal 2-11: Revise the description on CS to be only applicable for PUCCH format 0 and 1 in clause 6.3.2.2 of TS 36.211
· Refer to TP in R1-1800842

Key correction 12: Intra-slot frequency hopping boundary for PUCCH format 1,3 & 4
In 38.211, the description of PUCCH hopping boundary in time is missing, according to the agreement in RAN1#91 meeting:
Agreements:
· The number of symbol in the first hop is floor(N/2), the number of symbol in the 2nd hop is ceil(N/2)
The agreement specifies the number of symbols in each hop of PUCCH format 1, 3&4. So these specifications should be captured explicitly to indicate how hopping boundary in time is determined, thus avoid any confusion and misunderstanding between gNB and UE. In [R1-1800832], a table as following is proposed to be included in clause 6.3.2.1 of TS 38.211

	PUCCH length
	Number of symbols in the first hop
	Number of symbols in the second hop

	4
	2
	2

	5
	2
	3

	6
	3
	3

	7
	3
	4

	8
	4
	4

	9
	4
	5

	10
	5
	5

	11
	5
	6

	12
	6
	6

	13
	6
	7

	14
	7
	7



Proposal 2-12: 
· Add a table to indicate the hopping boundary in time when frequency hopping is enabled for PUCCH format 1, 3 and 4 in TS 38.211.

Proposal 2-12: 
Add the following table to clarify the hopping boundary in time when frequency hopping is enabled for PUCCH format 1, 3 and 4 in TS 38.211 (e.g., clause of 6.3.2.1).
	PUCCH length
	Number of symbols in the first hop
	Number of symbols in the second hop

	4
	2
	2

	5
	2
	3

	6
	3
	3

	7
	3
	4

	8
	4
	4

	9
	4
	5

	10
	5
	5

	11
	5
	6

	12
	6
	6

	13
	6
	7

	14
	7
	7


· 

Action:
· Check if for any pucch format, the relevant information (hopping boundary) is missing

Key correction 13: Correction on PUCCH multiplexing
In 3GPP RAN1 #88-bis meeting, multiplexing of different PUCCH formats were discussed and the following was agreed:
Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
Based on the agreement, one UE is only allowed to transmit two short PUCCHs, or one long PUCCH and one short PUCCH in different symbols in one slot. But in the TS38.213, one UE can transmit one or more PUCCH with any format in TDM manner. To add these restrictions for UE behavior in TS38.213, the following TP can be found in [R1-1800830].

Proposal 2-13: 
· In clause 9.2.3 of TS 38.213, add UE behavior restrictions in the description of PUCCH multiplexing in time.

Key correction 14: Determination of OCC index for DMRS symbols in PUCCH format 1
In PUCCH format 1, OCCs apply to UCI symbols and DMRS symbols. An OCC index for UCI symbols is indicated by a PUCCH resource for PUCCH format 1. However, it was not discussed how to determine an OCC index for DMRS symbols in PUCCH format 1. One approach is to follow the OCC index for UCI symbols indicated by the PUCCH resource for PUCCH format 1. Another approach is to configure an OCC index for DMRS symbols by RRC signalling separate from the OCC index for UCI symbols. It is noted that the OCC index may need to be adjusted when the OCC length for DMRS symbols is different from the OCC length for UCI symbols or when the OCC length for DMRS symbols in the 1st hop is different from one in the 2nd hop. To avoid additional RRC signalling at this stage, the former approach can apply. 
· Support:   Samsung [R1-1800448]


Proposed agreement
Proposal 2-14: 
· For PUCCH format 1, the OCC index for DMRS symbols is determined from the OCC index for UCI symbols.


[bookmark: _GoBack]Proposed agreement (Tues)
· 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.


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

1. Multiplexing PUCCHs when partial overlapping
2. Symbol-level group hopping
3. Intra-slot frequency hopping pattern
4. How to handle the ‘unknown’ symbols in semi-static DL/UL assignment
5. The behavior of CSI (either periodic CSI or semi-persistent CSI) or SR on long PUCCH over multi-slots
6. How to determine the inter-slot frequency hopping pattern

Key issue 1: Multiplexing PUCCHs (SR and HARQ-ACK) when partial overlapping
In RAN1 #91 meeting, the following agreements were reached
Agreements:
· When the transmission of HARQ-ACK bits using PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time

From the agreement, it can be observed that how to support the transmission of SR and HARQ-ACK when they partially overlap in time is an open issue. From the submitted contribution to the upcoming meeting, the proposals could be summarized in the following table
Figure 1. Company views on SR and HARQ-ACK partially overlapping in time
	
	HARQ-ACK scheduled with F0
	HARQ-ACK scheduled with F1
	HARQ-ACK scheduled with F2
	HARQ-ACK scheduled with F3/4

	SR configured with PUCCH F0
	Multiplexing on the HARQ-ACK resource
Ericsson [R1-1800947], CATT [R1-1800252]* (observation), 

Shortening the overlapped symbol  of SR
CATT*

	Multiplexing on the HARQ-ACK resource
Oppo (1-bit (bundled) HARQ-ACK and 1-bit SR)


Shortening the overlapped symbol  of SR
CATT*




Drop the SR, transmit only HARQ-ACK on the HARQ-ACK PUCCH resource
Ericsson,

Punctured in HARQ-ACK
Nokia,
	Multiplexing on the HARQ-ACK resource (joint coding)
HW (SR is after), Ericsson, CATT*, lenovo

Shortening the overlapped symbol  of SR
HW (SR is before), lenovo (SR is before, also HARQ), 


Drop the SR, transmit only HARQ-ACK on the HARQ-ACK PUCCH resource
Lenovo (also HARQ)


	Multiplexing on the HARQ-ACK resource (joint coding)
Ericsson, CATT* (same starting symbol), HW (SR is after), lenovo, Oppo

Shortening the overlapped symbol  of SR
HW (SR is before), lenovo (SR is before), 


Drop the SR (at least in overlapping), transmit only HARQ-ACK on the HARQ-ACK PUCCH resource
Lenovo (if SR is late)

Punctured in HARQ-ACK
Nokia, Oppo (only for PF4)



	SR configured with PUCCH F1
	Multiplexing on the HARQ-ACK resource
Ericsson,


Punctured in SR
Nokia

	Multiplexing on the HARQ-ACK resource
Ericsson (SR within HARQ-ACK), QC(overlapping part)


Drop the SR, transmit only HARQ-ACK on the HARQ-ACK PUCCH resource
Ericsson (not within), CATT*, Nokia

Channel Selection (similar to LTE 1a/1b)
Oppo

TDM in non-overlapping part 
QC
	Multiplexing on the HARQ-ACK resource (joint coding)
HW, Ericsson


Drop the SR, transmit only HARQ-ACK on the HARQ-ACK PUCCH resource
HW, lenovo


Punctured in SR
Nokia

	Multiplexing on the HARQ-ACK resource (joint coding)
Ericsson, HW (SR is after), Oppo, Nokia (same starting symbol or SR starts late)
QC(overlapping part)

SR is dropped if starts early  
Nokia

TDM in non-overlapping part 
QC

SR is dropped if starts late 
Lenovo  




The following interested companies expressing their views in their submissions: 
Huawei [R1-1800827], CATT [R1-1800252], Ericsson [R1-1800947], Nokia [R1-1800559], Qualcomm [R1-1800872], OPPO [R1-1800490], Lenovo and Motorola Mobility[R1-1800396], MTK [R1-1800161]
Based on analysis in the submitted contribution, the following scenarios shall be considered
Case 1: SR starts earlier than HARQ-ACK
Case 2: SR starts later than HARQ-ACK
Case 3: SR and HARQ-ACK starts at the same time
The solutions may also take the following aspects into account 
· No FDM between SR and HARQ-ACK transmissions
· Whether an early transmission could be dropped considering the UE processing restrictions
· Which resource would be used to multiplex SR and HARQ-ACK
· Strive for more general solutions for all combination of PUCCH formats carrying SR and HARQ-ACK

Key issue 2: Symbol-level group hopping
Agreements:
· For PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused
· FFS details especially regarding slot indexing considering the difference between NR and LTE
· Slot-level base sequence hopping for PUCCH format 3 and 4  is a function at least based on a configurable ID,  similarly as agreed for PUCCH format 0 and 1.
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
· FFS: whether and how to support symbol-level base sequence hopping
In last meeting, whether and how to support symbol-level group hopping is an open issue. For the upcoming meeting, the interested companies show their preference as follows on this issue
· Support:   Spreadtrum, Panasonic, NTT DCM
· Oppose:  CATT, Samsung, QC

Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-2: Symbol-level group hopping is not supported.


Key issue 3: Intra-slot frequency hopping pattern
In TS 38.213, the description of intra-slot hopping pattern is missing in Section 9.2.6. Using different frequency hopping pattern in different slot can improve the frequency diversity. The companies who are in favor of this issue are shown below from the submitted proposals.
· The hopping patterns are different for different slots to improve the frequency diversity
· AT&T (configure different hopping offset in different slot)
· Huawei (Intra-slot hopping pattern can be switched between slots)

Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-3: 
· Adding intra-slot frequency hopping description in TS 38.213.

Key issue 4:  How to handle ‘unknown’ symbols in semi-static DL/UL assignment can be overridden by the grant scheduling long PUCCH transmission
During the email discussion after RAN1 #91 meeting, the following behaviors of long PUCCH transmission over multiple slots have been agreed. 
Agreements:
· When a UE receives a grant to transmit the long PUCCH over K slots where K is configured by higher layers, with duration of N symbol in each slot indicated by the DCI grant, with transmission starting in slot M, the UE is expected to do the following 
o   If the UE receives the semi-static UL/DL configuration, the UE is expected to transmit the long PUCCH on the slot(s), starting from slot M, where the number of consecutive UL (FFS:  and/or Unknown) symbols >= N starting at the starting symbol indicated by PUCCH resource allocation. This continues until the UE has transmitted K slot(s) of long PUCCH.
o   If the UE does not receive any semi-static UL/DL configuration, the UE is expected to transmit long PUCCH over K consecutive slots, starting from slot M, starting at the starting symbol in each slot indicated by PUCCH resource allocation.
With regards to the FFS parts, the companies who are in favor of this issue are shown below from the submitted proposals.
· Support:   vivo, Huawei, CATT, LGE, OPPO, Nokia, WILUS Inc., QC
· Oppose:   Samsung

Based on the companies view, the following proposal could be considered
Proposed agreement (Tues)
Proposal 3-4: 
· The ‘unknown’ symbols in semi-static DL/UL assignment can be used for long PUCCH transmission over multiple slots.

Key issue 5: The behavior of CSI (either periodic CSI or semi-persistent CSI) or SR on long PUCCH over multi-slots
During the email discussion after RAN1 #91 meeting, the UE behaviors of long PUCCH transmission over multiple slots have been agreed. For CSI (either periodic CSI or semi-persistent CSI) or SR transmission over multiple slots, similar behavior can be considered as that for HARQ-ACK feedback. The only difference is that CSI/SR transmissions, including periodicity and slot offset, are semi-statically configured by higher layer signaling as opposed to a scheduling assignment in a DCI grant.
· Support:  CATT

Based on the supporting companies, the following proposal could be considered
Proposed agreement (Tues)
Proposal 3-5: 
· For periodic and SP-CSI/SR on long PUCCH over K slots where K is configured by higher layers, with duration of N symbol in each slot indicated by the higher layer configured PUCCH resource allocation, with transmission starting in slot M, the UE is expected to do the following 
· If the UE receives the semi-static UL/DL configuration, the UE is expected to transmit the long PUCCH on the slot(s), starting from slot M, where the number of consecutive UL and/or Unknown symbols >= N starting at the starting symbol indicated by PUCCH resource allocation. This continues until the UE has transmitted K slot(s) of long PUCCH.
· If the UE does not receive any semi-static UL/DL configuration, the UE is expected to transmit long PUCCH over K consecutive slots, starting from slot M, starting at the starting symbol in each slot indicated by PUCCH resource allocation.



Key issue 6: How to determine the inter-slot frequency hopping pattern when slot is not used for long PUCCH 
In RAN1#91 meeting, it’s agreed that inter-slot hopping is performed on every slot. However, when the slot is not used according to the UE behavior during long PUCCH transmission over multiple slots, how to determine the inter-slot frequency hopping pattern? The interested companies show their preference as summarized below from the submitted proposals.
· If a slot is skipped, the slot is still calculated in the inter-slot frequency hopping pattern determination
· ZTE, Nokia (determined according to the index of starting slot)
· The inter-slot frequency hopping pattern is only determined according to the hopping slots, i.e., 1st hop slot, 2nd hop slot and so on
· DCM, WILUS Inc., E///, LGE

Further discussion may be needed to determine which inter-slot frequency hopping pattern shall be adopted


Other issues
The following issues are presented in the submitted contributions
1. Group hopping and sequence hopping
· ZTE: Support hop-level sequence hopping

2. Value to determaine firset/second/third/fourth PUCCH resource set
· Samsung: N_1=2; N_4=1706; N_2, N_3 should be 4,8,16,32,64,128,256,512

3. Defining number of UCI bits
· Samsung: For 2bits HARQ-ACK multiplexing with SR, N_UCI = 2; otherwise, this case will use PUCCH resource set for PF2/3/4

4. SR signal generation
· 
Samsung: For NR SR transimission, the modulation symbol should be same with NACK (), which is aligned with LTE
5. SR transmission
· Samsung: When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with K SR resource, ceil(log2(K+1)) bits presenting the state of the SR being absent or present. (Try to reverse agreements)

6. MTK: Add a description in 38.213 to limit SR only conveying by on/off mechanism
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	Correction on DMRS sequence initialization for PUCCH format 2
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	R1-1800840
	Number of PRBs for PUCCH format 2 and PUCCH format 3
	Huawei, HiSilicon

	R1-1800841
	Correction on PUCCH resource sets for PUCCH format 4
	Huawei, HiSilicon

	R1-1800842
	Correction on cyclic shift for DMRS sequence of PUCCH format 3 & 4
	Huawei, HiSilicon

	R1-1800843
	Correction on formula for Low-PAPR sequence generation
	Huawei, HiSilicon




Appendix: Past meeting agreement
Agreements:
· Define the following value ranges for the RRC parameters listed below:
	RRC parameters
	Value range

	PUCCH-F2-maximum-coderate
	{[0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80]}

	PUCCH-F3-maximum-coderate
	{[0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80]}

	PUCCH-F4-maximum-coderate
	{[0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80]}

	SR-resource
	PUCCH-resource-config-PF0, PUCCH-resource-config-PF1

	CSIResourceConfig 
(for the case of >2 bits)
	PUCCH-resource-config-PF2, PUCCH-resource-config-PF3, PUCCH-resource-config-PF4



Agreements:
· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time

Agreements:
· For PUCCH format 2, 3 and 4, the LTE PN sequence generator used for scrambling of the encoded bits is initialized based on the scrambling ID for PUSCH 
· FFS: Formula modified from that used for PUSCH

Agreements:
· For PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused
· FFS details especially regarding slot indexing considering the difference between NR and LTE
· Slot-level base sequence hopping for PUCCH format 3 and 4  is a function at least based on a configurable ID,  similarly as agreed for PUCCH format 0 and 1.
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
· FFS: whether and how to support symbol-level base sequence hopping
Agreements:
· For PUCCH format 3 & PUCCH format 4, symbol-level cyclic shift hopping as in LTE is reused
· FFS details especially regarding symbol indexing and slot indexing considering the difference between NR and LTE
· Symbol-level cyclic shift hopping is a function at least based on a configurable ID
· Note that the configurable ID that is already agreed for PUCCH base sequence hopping is reused.



Agreements:
· Simultaneous transmission of HARQ-ACK bits (with/without SR) and CSI feedback with PUCCH Format 3 or 4 is supported by RRC configuration.

Agreements:
· For PUCCH format 0 & PUCCH format 1, symbol-level cyclic shift hopping as in LTE is reused
· FFS details especially regarding symbol indexing and slot indexing considering the difference between NR and LTE
· Symbol-level cyclic shift hopping is a function at least based on a configurable ID
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
Agreements:
· For length-6 and length-7 OCC code, the following DFT-based orthogonal code should be used.

[bookmark: _Ref497750111]Table 1. The orthogonal sequences for PUCCH format 1.
	NSF
	


	
	i=0
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6

	6
	[0 0 0 0 0 0]
	[0 1 2 3 4 5]
	[0 2 4 0 2 4]
	[0 3 0 3 0 3]
	[0 4 2 0 4 2]
	[0 5 4 3 2 1]
	

	7
	[0 0 0 0 0 0 0]
	[0 1 2 3 4 5 6]
	[0 2 4 6 1 3 5]
	[0 3 6 2 5 1 4]
	[0 4 1 5 2 6 3]
	[0 5 3 1 6 4 2]
	[0 6 5 4 3 2 1]



Agreements:
· The same length-12 CGSs as used for DMRS of PUCCH format 1 is used as the base sequences for UCI of PUCCH format 1.
Agreements:
· For long PUCCH for UCI of more than 2 bits, the value of X is 4, which means
· When FH is enabled and the number of symbol of each hop is more than 4, the number of DMRS symbols of each hop is configured between 1 and 2.
· When FH is disabled and the number of symbol of long PUCCH is more than 9 which is (2X+1), the number of DMRS symbols of long PUCCH is configured between 2 and 4.

Agreements:
The OCCs for PUCCH format 4 are supported as shown in the following table.
	

	


	
	

	


	0
	

	


	1
	

	


	2
	-
	


	3
	-
	




Agreements:
When a UE receives a grant to transmit the long PUCCH over K slots where K is configured by higher layers, with duration of N symbol in each slot indicated by the DCI grant, with transmission starting in slot M, the UE is expected to do the following 
o   If the UE receives the semi-static UL/DL configuration, the UE is expected to transmit the long PUCCH on the slot(s), starting from slot M, where the number of consecutive UL (FFS:  and/or Unknown) symbols >= N starting at the starting symbol indicated by PUCCH resource allocation. This continues until the UE has transmitted K slot(s) of long PUCCH.
o   If the UE does not receive any semi-static UL/DL configuration, the UE is expected to transmit long PUCCH over K consecutive slots, starting from slot M, starting at the starting symbol in each slot indicated by PUCCH resource allocation.

Agreements:
· For long PUCCH over multiple slot
· The starting symbol of long PUCCH in the starting slot is indicated by PUCCH resource allocation
· The starting symbol of long PUCCH in subsequent slots is the same as the starting position in the starting slot.
Agreements:
· The number of symbol in the first hop is floor(N/2), the number of symbol in the 2nd hop is ceil(N/2)

Agreements:
· For a long PUCCH with frequency hopping enabled and there is 1 DMRS symbol in a hop of N symbols,
· If N is an even number, the DMRS symbol is located at symbol index (N/2-1)
· For a long PUCCH with frequency hopping disabled and there is 1 DMRS symbol in long PUCCH of N symbols,
· If N is an even number, the DMRS symbol is located at symbol index  (N/2-1)
· The starting index is from 0

Agreements:
· For simultaneous transmission of SR and HARQ-ACK using Format 1, it is done similarly to LTE PUCCH Format 1a/1b.
· In case of negative SR, PUCCH Format 1 is transmitted using the resource for HARQ-ACK.
· In case of positive SR, PUCCH Format 1 is transmitted using the resource for SR.
Agreements:
· Confirm work assumption:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.

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.
Agreements:
· For PUCCH format 4, the DMRS sequence is a CGS with length-12 and is mapped contiguously to all REs in one resource block.
Working assumption:
· In case of transmission of sub-band CSI report on PUCCH format 3 or 4 with/without HARQ-ACK, the output of 2 encoders form N1 and N2 modulated symbols are mapped to the OFDM symbols without DMRS in the configured PRBs are the following: 
· N1 modulated symbols carry HARQ-ACK bits and/or CSI Part 1 and N2 modulated symbols (if present) carry CSI Part 2.
· The mapping starts with N1 modulated symbol and continues with N2 modulated symbols if present. 
· The allocation is done in the frequency-first, time-second manner, and around the DMRS symbols.
· The index of the symbols with N1 modulated symbols, with the corresponding number of N1 modulated symbols are determined based on the following:
· The number of the OFDM symbols with N1 modulated symbols around each DMRS are the same if possible.
· The OFDM symbols fully mapped with N1 modulated symbols are maximized.
· The OFDM symbols partially mapped with N1 modulated symbols contain the same number of N1 modulated symbols if possible.
· The remaining resources in the configured PRBs are used for mapping of N2 modulated symbols.
· The mapping of N1 and N2 modulated symbols starts with the earliest corresponding OFDM symbols.

Agreements:
· For long PUCCH over multiple slots
· The number of slots configured for a long PUCCH over multiple slot are  (1, 2, 4, 8)
· Inter-slot hopping is performed on every slot
· For intra-slot hopping or inter-slot hopping, the 1st hop and 2nd hop are performed on the frequency resources indicated by PUCCH resource allocations
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