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1 Introduction
In RAN1 #91 and the subsequent email discussion, the design on long PUCCH was discussed with following agreements:
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:

· 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:

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.
In this contribution, we show our views on the open issues for long PUCCH.
2 Discussion
2.1 Simultaneous transmission of HARQ-ACK and SR

When long PUCCH is used to transmit HARQ-ACK, the following collision cases between HARQ-ACK and SR, as shown in Table 1, should be considered.

Table 1: FFS collision cases between HARQ-ACK and SR
	SR

HARQ-ACK
	PUCCH format 0
	PUCCH format 1

	PUCCH format 1
	Case 1
	· Fully overlap: similarly to LTE PUCCH Format 1a/1b
· Partially overlap: case 2

	PUCCH format 3
	Case 3
	Case 4

	PUCCH format 4
	Case 5
	Case 6


· Case 1:  PF0 is semi-statically configured for SR, and PF1 is indicated for HARQ-ACK.
Spatial HARQ-ACK bundling is used in this case. 1-bit (bundled) HARQ-ACK and 1-bit SR are transmitted on PUCCH format 1 indicated for HARQ-ACK transmission. As shown in Figure 1, if data arrives before the time-duration of HARQ-ACK transmission, SR can be multiplexed with HARQ-ACK. On the other hand, if data arrives during the time-duration of HARQ-ACK transmission, SR cannot be multiplexed with HARQ-ACK.
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Figure 1: Case 1

· Case 2:  SR PF1 and HARQ-ACK PF1 partially overlap.
When both HARQ-ACK and SR are configured with long PUCCH, the case that DL grant and corresponding HARQ-ACK are transmitted in the same slot is not supported. Therefore, there is no obvious problem in the reuse of the mechanism of LTE PUCCH Format 1a/1b. However, for case 2-2, the time-duration of HARQ-ACK is longer than SR. In case of positive SR, if HARQ-ACK is transmitted on SR resource, the reliability of HARQ-ACK may not satisfy the requirement. 
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Figure 2: Case 2
· Case 3:  PF0 is semi-statically configured for SR, and PF3 is indicated for HARQ-ACK.
HARQ-ACK and SR should be jointly coded and transmitted on PF3. Similar as case 1, if data arrives before the time-duration of HARQ-ACK transmission, SR can be multiplexed with HARQ-ACK. On the other hand, if data arrives during the time-duration of HARQ-ACK transmission, SR cannot be multiplexed with HARQ-ACK.
· Case 4: PF1 is semi-statically configured for SR, and PF3 is indicated for HARQ-ACK.
HARQ-ACK and SR should be jointly coded and transmitted on PF3.
· Case 5:  PF0 is semi-statically configured for SR, and PF4 is indicated for HARQ-ACK.
Since PUCCH format 4 does not support time-domain OCC, discontinuous transmission can be considered for this case. The following options can be considered:
Option 1: HARQ-ACK and SR should be jointly coded and transmitted on PF4. However, if data arrives during the time-duration of HARQ-ACK transmission, SR cannot be multiplexed with HARQ-ACK.

Option 2: Discontinuous transmission of HARQ-ACK PUCCH format 4.

· Option 2-1: The UCI symbols coinciding with positive SR transmission are punctured in PUCCH format 4. DMRS symbols cannot be punctured.
· Option 2-2: The UCI symbols coinciding with SR occasions are punctured in PUCCH format 4. DMRS symbols cannot be punctured.
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Figure 3: Option 2

Option 1 is applicable for the case that long periodicity is configured to SR. On the other hand, option 2 is benefit for the case that short periodicity is configured to SR, since the large SR latency caused by the data arrives during the time-duration of HARQ-ACK transmission can be avoided, as shown in Figure 4.
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Figure 4: Large SR latency
· Case 6:  PF1 is semi-statically configured for SR, and PF4 is indicated for HARQ-ACK.
HARQ-ACK and SR should be jointly coded and transmitted on PF4.
Based on above analyses, simultaneous transmission of HARQ-ACK using long PUCCH and SR are summarized in Table 2.

2.2 SR Slot determination for multi-slot scheduling
In the agreement about multi-slot PUCCH from the email discussion after RAN1#91 meeting, a FFS point lefted in multi-slot PUCCH resource determination needs to be resolved: Should the “flexible” symbols in a slot be treated as symbols usable for the PUCCH? Our answer to this question is Yes. If the flexible symbols cannot be used, the slots available for the multi-slot scheduling may be very limited. Allowing the flexible symbols to be used makes the multi-slot PUCCH much more applicable. In order to avoid the cross-link interference, the flexible symbols should not be scheduled for UL transmission for other UEs in the cell and even for the neighboring cells. Although this sets a constraint to the gNB scheduler, this is the cost which must be paid for supporting the multi-slot PUCCH.

3 Conclusions
In this contribution, we show our views on the open issues of long PUCCH with following proposal:
Proposal 1: Simultaneous transmission of HARQ-ACK using long PUCCH and SR are summarized in Table 2.

Table 2: Summary of simultaneous transmission of HARQ-ACK using long PUCCH and SR
	SR

HARQ-ACK
	PUCCH format 0
	PUCCH format 1

	PUCCH format 1
	1-bit (bundled) HARQ-ACK and 1-bit SR are transmitted on PUCCH format 1
	Similarly to LTE PUCCH Format 1a/1b

	PUCCH format 3
	HARQ-ACK and SR should be jointly coded and transmitted on PUCCH format 3

	PUCCH format 4
	· Long SR periodicity: HARQ-ACK and SR should be jointly coded and transmitted on PUCCH format 4.
· Short SR periodicity: Discontinuous transmission of HARQ-ACK PUCCH format 4.
	HARQ-ACK and SR should be jointly coded and transmitted on PUCCH format 4


Proposal 2: For N-slot PUCCH, the same symbol allocation is applied across consecutive slots in which corresponding symbols are UL or flexible.
Adopt following text proposals for TS 38.213.
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/********************** Start of Text Proposal for TS 38.213 Section 9.2.6 ************************/
9.2.6
UCI repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, 
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-
the UE repeats the UCI in the PUCCH transmission in the first slot of the 
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 slots in the PUCCH transmission in each of the remaining 
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-
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 
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 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 
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 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 
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 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 flexible symbol for a symbol provided by higher layer parameter PUCCH-F1-F3-F4-starting-symbol is an UL symbol, and
-
consecutive UL or flexible 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 
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 slots for a PUCCH transmission as the 
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 consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3. 
/********************** End of Text Proposal for TS 38.213 Section 9.2.6 ************************/
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