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Introduction
This contribution discusses remaining issues on physical uplink control channel for release 15 NR. Following topics are included.
· Text proposal on phase correlation in case of frequency hopping (Section 2)
· UCI multiplexing (Section 3)
· PUCCH resource allocation (Section 4)
TP on phase correlation in case of frequency hopping
In RAN1#93 [1], following was agreed.
Agreements:
· In 6.3.2.4.1 of TS38.211,
· No intra-slot frequency hopping is replaced as higher layer parameter PUCCH-frequency-hopping = “disabled”.
· Intra-slot frequency hopping is replaced as higher layer parameter PUCCH-frequency-hopping = “enabled”.
· Add the following:
· The channel over which a symbol on the antenna port used for UL transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond to the same frequency hop, when frequency hop is enabled, irrespective of whether the frequency hop distance is zero or not.
Based on the above agreement and email discussion after RAN1#93 [93-NR-02-211], following text was added in 6.3.2.4.2 of TS38.211.
In case of intra-slot frequency hopping enabled, regardless of whether the the frequency-hop distance is zero or not, the phase of the transmitted signal in the two hops may be uncorrelated.
In order to clarify that the description of UL should be from Tx side, we propose to change above text as follows:
In case if intra-frequency hopping enabled, regardless of whether the frequency-hop distance is zero or not, UE is allowed to transmit the signal whose phase in the two hops is uncorrelated.
In addition, in current specification, the text on phase correlation in case of frequency hopping is only shown in Section 6.3.2.4 (section for PUCCH format 1). However, the UE requirement on phase correlation should also be applied to other PUCCH formats. To add the same text in the sections for other PUCCH formats (i.e., Section 6.3.2.3.2 for PUCCH format 0, Section 6.3.2.5.3 for PUCCH format 2, and Section 6.3.2.6.4 for PUCCH format 3/4) would be one possible way. The other way would be the text on phase correlation in case of frequency hopping is moved to Section 6.3.2.1 (general section). As intra-slot frequency hopping is also described in this section, we think latter approach would be simpler.
Proposal 1: In TS38.211 Section 6.3.2.4.1, adopt the following text proposals.
[bookmark: _Hlk521343268]-----------------------------------------------------------   Beginning of change ---------------------------------------------------
< Unchanged parts are omitted >
In case of intra-slot frequency hopping enabled, regardless of whether the the frequency-hop distance is zero or not, UE is allowed to transmit signal whose the phase of the transmitted signal in the two hops is may be uncorrelated.”
-----------------------------------------------------------   End of change ---------------------------------------------------
Proposal 2: The above text proposal in TS38.211 Section 6.3.4.1, is moved to Section 6.3.2.1 in order to apply all intra-slot frequency hopping of PUCCH.

UCI multiplexing
In RAN1#93 [1], following was agreed to indicate UCI on PUSCH without UL-SCH.
Agreements:
· DCI format 0_1 includes an ‘UL-SCH indicator’ field of 1 bit. Modulation and code rate are determined by I_MCS field in DCI.
In ‘UL-SCH indicator’, a value of “1” indicates UL-SCH shall be transmitted on the PUSCH and a value of “0” indicates UL-SCH shall not be transmitted on the PUSCH. DCI format 0-1 also contains a ‘CSI request’ field which can be used to activate/deactivate semi-persistent CSI reporting or trigger aperiodic CSI reporting on PUSCH. Zero codepoint of CSI request field is mapped to “no CSI request”. The relation between ‘UL-SCH indicator’ and ‘CSI request’ is summarized in Table 1.
Our understanding is that the relation between ‘UL-SCH indicator’ and ‘CSI request’ is not completely specified, i.e., UE behavior is unclear when UE is indicated ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero” in DCI format 0-1.
One possibility would be UE is not expected to be indicated ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero” in DCI format 0-1. The alternative approach is to indicate ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero” in DCI format 0-1 is supported in order to convey the UCI (such as HARQ-ACK), which is originally transmitted in PUCCH, in PUSCH resource. Such operation might be beneficial to transfer HARQ-ACK considering reliability improvement on-demand manner.
Table 1 Relation between ‘UL-SCH indicator’ and ‘CSI request’
	
	‘CSI request’ = “non-zero”
Activate / deactivate SP-SCI
Trigger A-CSI
	‘CSI request’ = “zero”
No CSI request

	‘UL-SCH indicator’ = “1”
UL-SCH shall be transmitted on the PUSCH.
	PUSCH contains both UL-SCH and UCI.
	PUSCH contains UL-SCH and no CSI.

	‘UL-SCH indicator’ = “0”
UL-SCH shall not be transmitted on the PUSCH.
	PUSCH contains only UCI.
	FFS



Proposal 3: The relation between ‘UL-SCH indicator’ and ‘CSI request’ should be specified completely. Following alternatives could be considered.
· Alternative 1: UE is not expected to be indicated ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero” in DCI format 0-1.
· Alternative 2: The indication of ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero” is supported to transmit HARQ-ACK (or P/SP-CSI) in PUSCH without UL-SCH.
· If PUSCH with such setting overlap with PUCCH that includes HARQ-ACK and/or P/SP-CSI information, UE multiplexes the HARQ-ACK and/or P/SP-CSI in the PUSCH.
· If there is only PUSCH with such setting, UE does not transmit anything.

In addition, in case of CA, it is possible that multiple CCs indicate ‘UL-SCH indicator’ field and ‘CSI request’ field. However, the relation between ‘UL-SCH indicator’ field and ‘CSI request’ field in multiple carriers needs also to be clarified. In case of CA, if PUCCH resource overlaps with one or multiple PUSCHs, UE first determines CC index for UCI multiplexing with smallest ServCellIndex. In addition, if there are multiple PUSCHs on the determined CC, UE multiplex PUCCH on the PUSCH with earliest starting symbol on that CC. Therefore, according to current UE behaviour, UCI is multiplexed on PUSCH in CC with smallest ServCellIndex regardless of the value of ‘UL-SCH indicator’. It might cause PUSCH performance degradation and/or UCI reliability degradation if the CC with smallest ServCellIndex is congested. The indication of ‘UL-SCH indicator’ = “0” can be used to indicate which CC contains UCI. Then, it can avoid unnecessary PUSCH performance degradation and/or UCI reliability degradation.
[bookmark: _Hlk521418776]Proposal 4: The indication of ‘UL-SCH indicator’ = “0” is used to indicate which CC contains UCI.

PUCCH resource allocation
In RAN1#93 [1], PUCCH resource determination before a UE has a dedicated PUCCH configuration was specified but there is one remaining issue. PUCCH format 1 is one of PUCCH formats used for PUCCH transmission before a UE has a dedicated PUCCH configuration. PUCCH format 1 uses time-domain OCC but how to derive OCC index has not been specified yet. 
One possible way would be to use always OCC index 0. Another possible way would be to link the OCC index to initial cyclic shift index as discussed in RAN1#93 [2]. The linkage between OCC index and initial cyclic shift could be denoted as follows. The latter linkage would provide robustness against frequency-selective fading channel.
· Time-domain OCC index = Mod(c, nOCC), where c is the index in the initial cyclic shift index set. nOCC=2 for 10-symbol duration, and nOCC=3 for 14-symbol duration.
Proposal 5: For PUCCH resource determination before a UE has a dedicated PUCCH configuration, how to determine OCC index should be specified. Following alternatives could be considered.
· Alternative 1: Time-domain OCC index = 0
· Alternative 1: Time-domain OCC index = Mod(c, nOCC), where c is the index in the initial cyclic shift index set. nOCC=2 for 10-symbol duration, and nOCC=3 for 14-symbol duration.

Conclusion
In this contribution, we discussed remaining issues on physical uplink control channel for release 15 NR. We have following proposals:
Proposal 1: In TS38.211 Section 6.3.2.4.1, adopt the following text proposals.
-----------------------------------------------------------   Beginning of change ---------------------------------------------------
< Unchanged parts are omitted >
In case of intra-slot frequency hopping enabled, regardless of whether the the frequency-hop distance is zero or not, UE is allowed to transmit signal whose the phase of the transmitted signal in the two hops is may be uncorrelated.”
[bookmark: _GoBack]-----------------------------------------------------------   End of change ---------------------------------------------------
Proposal 2: The above text proposal in TS38.211 Section 6.3.4.1, is moved to Section 6.3.2.1 in order to apply all intra-slot frequency hopping of PUCCH.
Proposal 3: The relation between ‘UL-SCH indicator’ and ‘CSI request’ should be specified completely. Following alternatives could be considered.
· Alternative 1: UE is not expected to be indicated ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero” in DCI format 0-1.
· Alternative 2: The indication of ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero” is supported to transmit HARQ-ACK (or P/SP-CSI) in PUSCH without UL-SCH.
· If PUSCH with such setting overlap with PUCCH that includes HARQ-ACK and/or P/SP-CSI information, UE multiplexes the HARQ-ACK and/or P/SP-CSI in the PUSCH.
· If there is only PUSCH with such setting, UE does not transmit anything.
Proposal 4: The indication of ‘UL-SCH indicator’ = “0” is used to indicate which CC contains UCI.
Proposal 5: For PUCCH resource determination before a UE has a dedicated PUCCH configuration, how to determine OCC index should be specified. Following alternatives could be considered.
· Alternative 1: Time-domain OCC index = 0
· Alternative 1: Time-domain OCC index = Mod(c, nOCC), where c is the index in the initial cyclic shift index set. nOCC=2 for 10-symbol duration, and nOCC=3 for 14-symbol duration.
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