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1 Introduction
In RAN1 AH 1801, simultaneous transmission of HARQ-ACK and SR on PUCCH was discussed without agreement. In this contribution, we further discuss the multiplexing of HARQ-ACK and SR on PUCCH.
2 Discussion
When 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

	
	1 symbol
	2 symbols
	

	PUCCH format 0/2
	1 symbol
	Multiplexing on HARQ-ACK resource
	Case 1
	Case 4

	
	2 symbols
	Case 2
	· Fully overlap: Multiplexing on HARQ-ACK resource
· Partially overlap: Case 3
	

	PUCCH format 1
	Case 5
	· Fully overlap: similarly to LTE
· Partially overlap: Case 6

	PUCCH format 3/4
	Case 7
	Case 8


· Case 1: 1-symbol PUCCH format 0 is indicated for HARQ-ACK, and 2-symbol PUCCH format 0 is configured for SR.

For case 1, at the beginning of SR, UE must have known that a 1-symbol HARQ-ACK PUCCH will coincide with the SR PUCCH. The multiplexing of HARQ-ACK and SR on HARQ-ACK resource will not lead to any loss.
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Figure 1: case 1
· Case 2: 2-symbol PUCCH format 0 is indicated for HARQ-ACK, and 1-symbol PUCCH format 0 is configured for SR.

For case 2, when HARQ-ACK coincides with SR in the first HARQ-ACK symbol, multiplexing of HARQ-ACK and SR on HARQ-ACK resource will not lead to any loss. However, when HARQ-ACK coincides with SR in the second HARQ-ACK symbol and 2-symbol periodicity is configured to SR, positive SR cannot be multiplexed on HARQ-ACK resource, since UE cannot know the data arriving during the first symbol of HARQ-ACK transmission. Considering short PUCCH is used for HARQ-ACK transmission, the latency caused by multiplexing of HARQ-ACK and SR on HARQ-ACK resource is acceptable. 
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Figure 2: case 2
· Case 3: 2-symbol HARQ-ACK PUCCH format 0 partially overlaps with 2-symbol SR PUCCH format 0.
For case 3, the collision is known by the UE at the beginning of the first PUCCH. The same mechanism as case 2 can be used.
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Figure 3: case 3
Proposal 1: When PUCCH format 0/2 is indicated for HARQ-ACK and PUCCH format 0 is configured for SR, multiplexing of HARQ-ACK and SR on HARQ-ACK resource.
· Case 4: PUCCH format 0/2 is indicated for HARQ-ACK, and PUCCH format 1 is configured for SR.

For case 4-1, a DL assignment is before a SR occasion, and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion, as shown in Figure 4. For this case, multiplexing of HARQ-ACK and SR on HARQ-ACK resource is used.
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Figure 4: Collision case 4-1
For case 4-2, a DL assignment and a SR occasion overlap in time, and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion, as shown in Figure 5. For this case, HARQ-ACK is obtained during the transmission of SR. In order to maintain the orthogonally on SR PRB, the transmission of SR should not be changed. Therefore, HARQ-ACK is dropped.

[image: image5.emf]SR

PF1

HARQ-ACK

SR

PF1

HARQ-ACK

grant grant


Figure 5: Collision case 4-2
Proposal 2: When PUCCH format 0/2 is indicated for HARQ-ACK and PUCCH format 1 is configured for SR,
· If the DL grant corresponding to HARQ-ACK is before the SR, multiplexing of HARQ-ACK and SR on HARQ-ACK resource.

· Otherwise, HARQ-ACK is dropped.

· Case 5: PUCCH format 1 is indicated for HARQ-ACK, and PUCCH format 0 is configured for SR.

In order to maintain the orthogonality on HARQ-ACK PRB, the transmission of HARQ-ACK should not be changed. 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 6, 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 6: Case 5
Proposal 3: When PUCCH format 1 is indicated for HARQ-ACK and PUCCH format 0 is configured for SR, 1-bit (bundled) HARQ-ACK and 1-bit SR are transmitted on HARQ-ACK resource.

· Case 6: HARQ-ACK PUCCH format 1 partially overlaps with SR PUCCH format 1.
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 6-2, 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 7: Case 6
Proposal 4: When PUCCH format 1 is indicated for HARQ-ACK and PUCCH format 1 is configured for SR, the mechanism of LTE PUCCH format 1a/1b is reused.
· Case 7: PUCCH format 3/4 is indicated for HARQ-ACK, and PUCCH format 0 is configured for SR.

For long SR periodicity, HARQ-ACK and SR can be multiplexed on HARQ-ACK resource for simplification. However, for short SR periodicity, long HARQ-ACK PUCCH is punctured by short SR PUCCH to avoid the large SR latency caused by the data arrives during the time-duration of HARQ-ACK transmission, as shown in Figure 8.
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Figure 8: Large SR latency
Proposal 5: When PUCCH format 3/4 is indicated for HARQ-ACK and PUCCH format 0 is configured for SR,
· In case of SR with short periodicity, HARQ-ACK PUCCH should be punctured by SR PUCCH.
· Otherwise, multiplexing of HARQ-ACK and SR on HARQ-ACK resource.
· Case 8: PUCCH format 3/4 is indicated for HARQ-ACK, and PUCCH format 1 is configured for SR.
When long PUCCH is configured for both HARQ-ACK and SR in one slot, HARQ-ACK and SR should be jointly coded and transmitted on HARQ-ACK resource.

Proposal 6: When PUCCH format 3/4 is indicated for HARQ-ACK and PUCCH format 1 is configured for SR, multiplexing of HARQ-ACK and SR on HARQ-ACK resource.

3 Conclusions
In this contribution, we show our views on multiplexing of HARQ-ACK and SR with following proposal:
Proposal: Simultaneous transmission of HARQ-ACK and SR are summarized in Table 2.
Table 2: Summary of simultaneous transmission of HARQ-ACK and SR
	SR

HARQ-ACK
	PUCCH format 0
	PUCCH format 1

	PUCCH format 0/2
	Multiplexing of HARQ-ACK and SR on HARQ-ACK resource.
	· If the DL grant corresponding to HARQ-ACK is before the SR, multiplexing of HARQ-ACK and SR on HARQ-ACK resource.

· Otherwise, HARQ-ACK is dropped.

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

	PUCCH format 3/4
	· In case of SR with short periodicity, HARQ-ACK PUCCH should be punctured by SR PUCCH.

· Otherwise, multiplexing of HARQ-ACK and SR on HARQ-ACK resource.
	Multiplexing of HARQ-ACK and SR on HARQ-ACK resource
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