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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1 meeting [1] [2] [3], uplink control channel design and HARQ procedure were discussed, and the following was agreed:
Agreements:
· For 2-symbol NR-PUCCH
· Option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1
· FFS method for sending UCI with more than 2 bits
· Option 2 is not supported.
· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
Agreements:
· For 2-symbol short-PUCCH for UCI of more than 2 bits, encoded UCI bits are mapped across two symbols.
· FFS: 1 symbol short-PUCCH for UCI of more than 2 bits are repeated across 2 symbols with or without freq. hopping
Agreements:
· For 2-symbol PUCCH with more than 2 bits, option 1-1 is not supported in Rel-15
· Note: Option 1-1 (UCI is repeated between two symbols)
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:
· The baseline UE processing time capability in NR Release 15 for slot-based scheduling, including CA case with no cross-carrier scheduling and with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, is given by Table 2-1 below. 
· FFS whether processing times can be supported also for cross-carrier scheduling
Table 2-1. UE Processing Time and HARQ Timing (Capability #1)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	8
	10
	17
	20

	Front-loaded + additional DMRS
	N1
	Symbols
	13
	13
	20
	24

	Frequency-first RE-mapping
	N21
	Symbols
	10
	12
	23
	36



In this contribution, the situation of partially overlapping PUCCHs containing SR and HARQ-ACK bits is discussed and a method that how to multiplex SR and HARQ-ACK with PUCCH format 2 or 3 or 4 is introduced.
Description for the Partially Overlap in time
According to [4], the resource for SR is semi-statistically configured by the gNB by a higher layer parameter. The PUCCH resources are semi-statically configured but the resource for HARQ-ACK is also allocated by the gNB through certain HARQ-ACK timing. Basically, the gNB could provide different resources for SR and HARQ-ACK, to avoid overlapping in time. However, in case that gNB where this is difficult or inefficient, SR and HARQ-ACK may have to be transmitted simultaneously, for which the cases of full or partial overlap in time may occur. Based on the agreement, full overlap of SR and HARQ-ACK is noted as having the same starting symbol and duration.
One difference between partial overlap and full overlap is that for the case of partial overlap, SR and HARQ-ACK could start at different symbols. This will provide a restraint for the multiplexing: due to the UE processing capability and transmission delay requirement, HARQ-ACK cannot change it starting symbol arbitrarily in order to multiplex with SR on the SR resource. That means it is not possible to use channel selection, e.g., as for PUCCH format 1, to represent the state of SR by using different resources. Another difference of partial overlap is the duration. Different number of symbols for SR and HARQ-ACK may make the SR resource to be contained in the symbols of the HARQ-ACK resource, or vice versa.   
Multiplexing of SR and HARQ-ACK 
Multiplexing of SR and HARQ-ACK with PUCCH format 2
With the transmission of HARQ-ACK bits with PUCCH format 2, up to 2 symbols can be used for HARQ-ACK. According to [5], transmission of SR only can use either PUCCH format 0 or format 1. Following cases are summarized to show different situations where SR and HARQ-ACK transmissions occupy different number of OFDM symbols.
· Case 1: shown as Figure 1, SR uses PUCCH format 0, the SR and HARQ-ACK resource occupy 2 symbols and neither of them is fully contained within the time duration of the other resource.
· Case 2: shown as Figure 2, SR uses PUCCH format 0, either the SR or the HARQ-ACK resource occupies 1 or 2 symbols and one of them is fully contained within the time duration of the other resource.
For Case 1, one straightforward solution for partial overlap of SR and HARQ-ACK is multiplexing and transmission on the HARQ-ACK resource. Just like the case of full overlap, one bit is appended to HARQ-ACK bits to represent the state of SR being absent or present. This solution may be suitable when the HARQ-ACK resource starts before the SR resource, e.g. Case 1.2, because if SR is jointly encoded with HARQ-ACK, gNB could receive the SR at symbol 2, rather than symbol 3, i.e., one symbol early. However, for Case 1.1, the SR resource starts before the HARQ-ACK resource and if SR would be transmitted on the HARQ-ACK resource, the gNB would receive SR at symbol 2, i.e., one symbol later.
Another solution for Case 1.1 is to shorten the SR resource to one symbol. According to the agreement, when SR is transmitted using PUCCH format 0 with 2 symbols, the second symbol is a repetition of the first one, which means the contents on the two symbols are the same. If one symbol is ignored, the gNB can still judge whether SR is positive or not. Therefore, if the second symbol SR in Case 1.1 is omitted, gNB will only detect SR on symbol 0. This may have a minor impact on the coverage SR transmission, but avoid the one symbol latency because of multiplexing with HARQ-ACK.
Observation 1: When SR is multiplexed with HARQ-ACK using PUCCH format 2 and the SR resource contains two symbols, if the SR resource starts before the HARQ-ACK resource, shortening the SR resource to one symbol could avoid increasing the latency for SR transmission.
For Case 2, either the SR or HARQ-ACK resource is fully contained within the time duration of the other resource. One general solution for this case is SR and HARQ-ACK are multiplexing on the resource of HARQ-ACK, although this will introduce one symbol delay in Case 2.1.
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[bookmark: _Ref502347187]Figure 1. Illustration of Case 1; neither of the SR and HARQ-ACK resource is fully contained within the time duration of the other resource.
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[bookmark: _Ref502347218]Figure 2. Illustration of Case 2; one of the SR or HARQ-ACK resource is fully contained within the time duration of the other resource.
Multiplexing of SR and HARQ with PUCCH format 3 or 4
With the transmission of HARQ-ACK bits with PUCCH format 3 or 4, at least 4 OFDM symbols are allocated for HARQ-ACK. Similar to Section 3, following cases are summarized to show different situations where SR and HARQ-ACK transmissions occupy different number of OFDM symbols.
· Case 3: shown in Figure 3, SR uses PUCCH format 0 and occupies 2 symbols, HARQ-ACK uses format 3 or 4, and the SR is not contained within the time duration of the HARQ-ACK resource.
· Case 4: shown in Figure 4, SR uses PUCCH format 0 and occupies 1 or 2 symbols, HARQ-ACK uses format 3 or 4, and the SR is contained within the time duration of the HARQ-ACK resource.
For Case 3, SR and HARQ-ACK are only overlapping in one symbol. In this case, SR is multiplexed on the HARQ-ACK resource could be considered, but this will introduce not only one symbol delay for SR transmission for Case 3.1. Because HARQ-ACK occupies at least 4 symbols, if the SR resource is shortened to one symbol, more than 3 symbols latency could be avoided comparing with multiplexing. For example, in Case 3.1, if SR is only transmitted on symbol 0, rather than multiplexed on the HARQ-ACK resource, 5 symbols latency is avoided. This is an obviously benefit especially in URLLC.
Observation 2: When SR is multiplexed with HARQ-ACK using PUCCH format 3 or 4 and the SR resource contains two symbols, if the SR resource starts before the HARQ-ACK resource, shortening the SR resource to one symbol could avoid increasing the latency for SR transmission.
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[bookmark: _Ref503560234]Figure 3. Illustration of Case 3; neither of the SR and HARQ-ACK resource is fully contained within the time duration of the other resource (light blue block represents UCI and light red represents DM-RS).
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[bookmark: _Ref503560247]Figure 4. Illustration of Case 3; SR resource is fully contained within the time duration of the HARQ-ACK resource (light blue block represents UCI and light red represents DM-RS).
Overlapping transmissions of SR and HARQ-ACK
As discussed above, for cases of SR using PUCCH format 0, a general solution for partial overlap of SR and HARQ-ACK is multiplexing and transmitting on the HARQ-ACK resource. However, this solution does not take into account the latency of SR introduced by multiplexing. Therefore, shortening the two symbols SR to one symbol which is non-overlapping with HARQ-ACK resource is a feasible way.
For cases of SR using format 1, shortening the SR resource will influence the OCC capacity and frequency boundary, and thus a same basic solution is that SR and HARQ-ACK multiplexing on the HARQ-ACK resource. Another solution is dropping SR, because SR is configured periodically and SR could be received in next periodicity. However, dropping SR will bring a huge latency for UE achieving the uplink resource.
Proposal 1: When two symbols SR partially overlap with HARQ-ACK using PUCCH format 2 or format 3 or format 4 and neither of them is fully contained within the time duration of the other resource, two operations could be considered:
· If the SR resource starts before the HARQ-ACK resource, the SR resource is shortened to one symbol;
· Otherwise, SR and HARQ-ACK are multiplexing on the resource of HARQ-ACK.
Proposal 2: When SR partially overlap with HARQ-ACK and one of them resource is fully contained within the time duration of the other resource, two operations could be considered:
· SR and HARQ-ACK are multiplexing on the resource of HARQ-ACK.
· SR is dropped.
Conclusion
Based on above discussions, the following observation and proposal are given. 
 Observation 1: When SR is multiplexed with HARQ-ACK using PUCCH format 2 and the SR resource contains two symbols, if the SR resource starts before the HARQ-ACK resource, shortening the SR resource to one symbol could avoid increasing the latency for SR transmission.

Observation 2: When SR is multiplexed with HARQ-ACK using PUCCH format 3 or 4 and the SR resource contains two symbols, if the SR resource starts before the HARQ-ACK resource, shortening the SR resource to one symbol could avoid increasing the latency for SR transmission.
[bookmark: _GoBack]Proposal 1: When two symbols SR partially overlap with HARQ-ACK using PUCCH format 2 or format 3 or format 4 and neither of them is fully contained within the time duration of the other resource, two operations could be considered:
· If the SR resource starts before the HARQ-ACK resource, the SR resource is shortened to one symbol;
· Otherwise, SR and HARQ-ACK are multiplexing on the resource of HARQ-ACK.
Proposal 2: When SR partially overlap with HARQ-ACK and one of them resource is fully contained within the time duration of the other resource, two operations could be considered:
· SR and HARQ-ACK are multiplexing on the resource of HARQ-ACK.
· SR is dropped.
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