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1. Introduction
In RAN plenary meeting, NR specifications TS38.211, TS38.212, TS38.213, and TS38.214 were approved [1 – 4]. In this contribution, we address some corrections to the spec on long PUCCH structure, and provide the corresponding text proposals and the remaining issues.

2. Correction to TS38.211

2.1. Cyclic shift values of DMRS sequences for PUCCH format 4
PUCCH format 4 for medium payload size and 2 or 4 user multiplexing capacity is supported in NR whose multiplexing capacity is provided by a combination of pre-DFT domain OCC sequences for UCI and orthogonal sequences with different time domain cyclic shifts for DMRS. Regarding this, details on the pre-DFT OCC sequences and cyclic shift values of the DMRS sequences were agreed as follows: 
Agreements:
· The OCCs for PUCCH format 4 are supported as shown in the following table.
	
	

	
	
	

	0
	
	

	1
	
	

	2
	-
	

	3
	-
	



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, the linkage between the four OCC sequences and the corresponding DMRS sequences are missing. Because there is no explicit configuration on the cyclic shift values of DMRS cyclic shifts, each of the cyclic shift values have to be linked to each of the OCC sequence indices. In this regard, a text proposal below is provided below. Note also that changes to the notations for the cyclic shifts are proposed to be consistent throughout RAN1 specifications. As noted in our companion contribution [5], the TS38.213 specification we are referring for the cyclic shift values have already defined “” as the cyclic shift value corresponding to the HARQ-ACK information for PUCCH format 0 (e.g.,  for PUCCH format 1/3/4) and “” as the initial cyclic shift value given by PUCCH resource for PUCCH format 0 and PUCCH format 1, and set to  for PUCCH format 3 and 4. Assuming the notations above, the linkage between the configured OCC sequence index and the corresponding cyclic shift value can be established.  

█ Text Proposal
[…]
6.3.2.2.2	Cyclic shift hopping
The cyclic shift  varies as a function of the symbol and slot number according to


where
-	 is the slot number in the radio frame
-	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]
-	  is given by [5, TS 38.213] for PUCCH format 0 and PUCCH format 1, and 

-	 except for PUCCH format 0 when it depends on the information to be transmitted according to [clause 9.2 of 5, TS 38.213].
The  function  is given by
 
where the pseudo-random sequence  is defined by clause 5.21. The pseudo-random sequence generator shall be initialized with , where  is given by [5, TS 38.213], at the beginning of each radio frame.
[…]

3. Correction to TS38.212

3.1. Partitioning of coded bits of CSI part 1 and CSI part 2
Regarding simultaneous transmission of HARQ-ACK/SR and CSI report on PUCCH format 3 and 4, following agreements and working assumption were and based on them a pseudo code to implement an algorithm for multiplexing of coded UCI bits to PUCCH was provided in clause sub-clause 6.3.1.6 of [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.

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.

In the agreements, working assumption and the pseudo code, CSI part 1 (including HARQ-ACK/SR if any) and CSI part 2 are separately described in units of modulation symbols or RE. However, the output sequences of each of CSI part 1 and CSI part 2 after rate matching as described in sub-clause 6.3.1.4 are not guaranteed to be separated in units of modulation symbols (and hence REs) as each of them are not multiples of modulation order (Qm) as it is described now. Therefore, we propose to modify Table 6.3.1.4.1-1 to guarantee the output sequences of CSI part 1 and CSI part 2 after rate mating are multiples of modulation order (Qm). For this, modulation order (Qm) is added in equations on rows of the CSI of two parts in the table. (For clarification, other than that, no others changes were made.)
[bookmark: _GoBack]


█ Text Proposal
[…]
[bookmark: _Toc500953303][bookmark: _Ref496994961][bookmark: _Toc500947736]6.3.1.4.1	UCI encoded by Polar code
The input bit sequence to rate matching is  where  is the code block number, and  is the number of coded bits in code block number . 
 Table 6.3.1.4.1-1: Rate matching output sequence length 
	UCI(s) for transmission on a PUCCH
	UCI for encoding
	
Value of 

	HARQ-ACK 
	HARQ-ACK 
	


	HARQ-ACK, SR
	HARQ-ACK, SR
	


	CSI
(CSI not of two parts)
	CSI
	


	HARQ-ACK, CSI
(CSI not of two parts)
	HARQ-ACK, CSI
	


	HARQ-ACK, SR, CSI
(CSI not of two parts)
	HARQ-ACK, SR, CSI
	


	CSI
(CSI of two parts)
	CSI part 1
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	CSI part 2
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	HARQ-ACK, CSI
(CSI of two parts)
	HARQ-ACK, CSI part 1
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	CSI part 2
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	HARQ-ACK, SR, CSI
(CSI of two parts)
	HARQ-ACK, SR, CSI part 1
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	CSI part 2
	
[image: ]



Rate matching is performed according to Section 5.4.1 by setting  and the rate matching output sequence length to , where  is the number of code blocks for UCI determined according to Section 5.2.1 and the value of  is given by Table 6.3.1.4.1-1:
-	 is the number of bits for HARQ-ACK for transmission on the current PUCCH;
-	 is the number of bits for SR for transmission on the current PUCCH;
-	 is the number of bits for CSI part 1 for transmission on the current PUCCH;
-	 is the number of bits for CSI part 2 for transmission on the current PUCCH;
-	 is the number of CRC bits;
-	 is the configured maximum PUCCH coding rate;
-	 is given by Table 6.3.1.4-1.
The output bit sequence after rate matching is denoted as  where  is the length of rate matching output sequence in code block number . 
[…]

4. Correction to 38.213

4.1. Long PUCCH over multiple slots

Based on agreements on the long PUCCH over multiple slots as shown below, UCI repetition procedure is described in sub-clause 9.2.6 of [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 
· 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.
· 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.
Regarding FFS points on how to deal with unknown (or flexible) slots, in our view, long PUCCH over multiple slots should be transmitted also on the semi-statically configured unknown (or flexible) symbols. Because the main usage of the long PUCCH over multiple slots is for coverage enhancement (or compensation) of the HARQ-ACK information which usually has a high priority over other UCI information or UL-/DL-SCH data, and also is triggered by DCI in nature, typically gNB wants to receive the repeated HARQ-ACK information as early as possible and the gNB can schedule slot formats accordingly. Based on our view, we propose to change the text as below.

█ Text Proposal
[…]
[bookmark: _Toc501054896]9.2.6	UCI repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for a PUCCH transmission by respective higher layer parameters PUCCH-F1-number-of-slots , PUCCH-F3-number-of-slots, or PUCCH-F4-number-of-slots. 

For , 


-	the UE repeats the UCI in the PUCCH transmission in the first slot of the  slots in the PUCCH transmission in each of the remaining  slots;

-	a PUCCH transmission has the same number of consecutive symbol, as provided by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols, in each of the  slots; 

-	a PUCCH transmission has a same first symbol, as provided by higher layer parameter PUCCH-F1-F3-F4-starting-symbol, in each of the  slots; 
-	the UE is configured by higher layer parameter PUCCH-F1-F3-F4-interslot-FH whether or not to perform frequency hopping for PUCCH transmissions in different slots. If PUCCH-F1-F3-F4-interslot-FH = ON, 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.
-	If the UE is configured to perform frequency hopping for PUCCH transmissions in different slots, 
-	the UE performs frequency hopping per slot;
-	the UE is not expected to be configured to perform frequency hopping for a PUCCH transmission within a slot.

If a UE is provided higher layer parameter UL-DL-configuration-common or is additionally provided higher layer parameter UL-DL-configuration-dedicated for the slot format per slot over the number of slots, as described in Subclause 11.1, the UE determines the  slots for a PUCCH transmission as the first slots starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	an UL or unknown symbol for a symbol provided by higher layer parameter PUCCH-F1-F3-F4-starting-symbol is an UL symbol, and
-	consecutive UL or unknown symbols, starting from the symbol, equal to a number of symbols provided higher layer parameter PUCCH-F1-F3-F4-number-of-symbols.


If a UE is not provided higher layer parameter UL-DL-configuration-common, the UE determines the  slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3. 
[…]



5. Remaining issues on long PUCCH structure

5.1. Inter-sot frequency hopping for long PUCCH over multiple slots
Inter-slot frequency hopping per every slot was agreed to obtain frequency diversity gain and the parameters related to the frequency hopping are described in sub-clause 9.2.1 of [3].

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

Compared to the well described behaviour of how the repetition pattern of the long PUCCH over multiple slots looks like given flexible UL/DL configurations in NR, it is not clearly defined how the frequency hopping pattern will look like in the same case. The first option to define the frequency hopping pattern for this case is to generate a frequency hopping pattern every slot regardless of the slot formats or UL/DL configurations in that slot. As we agreed to support hopping between two frequency locations for inter-slot frequency hopping of long PUCCH over multiple slots, the frequency location of the long PUCCH over multiple slots alternates between those two configured by a PUCCH resource. However, as we can see there are cases that the frequency hopping gain cannot be fully obtained, e.g., every second slots are configured for PUCCH transmission, an alternative option is proposed. The second option is to generate a frequency hopping pattern only if the slot is UL or unknown (or flexible). The second option has the benefit of obtaining the frequency diversity gain regardless of the slot formats or UL/DL configurations in that slot. The UL and unknown (or flexible) slot index counts only UL and unknown (or flexible) slots based on a semi-static configuration of UL/DL configurations. If there are unknown (or flexible) slots changed dynamically to DL slots, then the UL and unknown (or flexible) slot index still counts and therefore the frequency hopping pattern is generated, but the generated frequency hopping pattern is skipped (not used) in that slot. 

Proposal #1: The frequency hopping pattern for inter-slot frequency hopping is generated based on the semi-statically configured UL and unknown (or flexible) slots.
· For the unknown (or flexible) slots dynamically changed to DL slots, PUCCH transmission is cancelled and the frequency hopping pattern is generated but skipped (not used) in that slot.

6. Reference
[1] 3GPP TS38.211 V2.0.0 (2017-12): “NR; Physical channels and modulation”.
[2] 3GPP TS38.212 V2.0.0 (2017-12): “NR; Multiplexing and channel coding”.
[3] 3GPP TS38.213 V2.0.0 (2017-12): “NR; Physical layer procedures for control”.
[4] 3GPP TS38.214 V2.0.0 (2017-12): “NR; Physical layer procedures for data”.
[5] R1-1800375: “Text proposals on short PUCCH structure”, LGE
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