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Introduction
This document summarizes the views expressed in the contributions submitted to the RAN1#AH 1801 under agenda item 7.3.2.1 which are mainly related to the structure of Short PUCCH (i.e. PUCCH format 0 or 2) and the corresponding signaling and UE procedures for transmission of short PUCCH. Please note that some issues are considered in relation to other PUCCH formats, i.e. PUCCH formats 1, 2 or 3 in order to be properly addressed. For reference, the list of the contributions is available in the Appendix. Moreover, some proposals for agreement on the relevant remaining details are provided. 
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Enabling/disabling the base sequence hopping (RRC Impact)
The signaling aspects related to enabling or disabling the base sequence hopping were discussed by few companies (LG[8], Intel[6]). Basically, base sequence hopping for PUCCH format 0,1, 3& 4 are agreed but the corresponding RRC parameters for enabling or disabling the hopping are agreed only for PUCCH format 0 and format 1. Therefore, the corresponding RRC parameters for PUCCH format 3 and 4 should be determined. Another aspect is that whether the base sequence hopping should be enabled via RMSI for formats 1, 3 and 4 as well since the agreement is only addresses PUCCH format 0. 
Agreements (RAN1#90bis): 
· For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact

Agreements (RAN1#91):
· For resource allocation for HARQ-ACK before RRC connection setup: 
· Only PUCCH Format 0 and 1 are supported 
· The resource allocation is derived based on a 4-bit parameter in RMSI 
· FFS other details (no additional RRC impact)

Although both companies (LG[8], Intel[6]) addressed the same open issues, the proposed solutions are slightly different. Intel recommends using the one single RRC parameter for all the formats which can be used as well in RMSI. LG addresses that the corresponding RRC parameter for each format should be defined and addressed in RMSI. Based on 
Proposal 1: Group hopping [6]
· A single RRC parameter configures enable/disable of group and sequence hopping for all the PUCCH formats.
· FFS: Sequence hopping only applies for DMRS of PUCCH format 3 for cases of length [image: ].
Proposal 2: Sequence hopping [6]
· Sequence hopping only applies for DMRS of PUCCH format 3 for cases of length [image: ].
· An RRC parameter to configure enable/disable of sequence hopping for DMRS of PUCCH format 3 is defined.
· When sequence hopping is enabled, group hopping is disabled for the corresponding transmission of PUCCH format 3. 
Proposal as TP [8]:
For group hopping, a UE is provided by higher layers with one or more of the following higher layer parameters:
· group hopping for PUCCH format 0 is either enabled or disabled and is indicated by higher layer parameter pucch-Format0-BaseSequenceHopping in SystemInformationBlockType1;
· group hopping for PUCCH format 1 is either enabled or disabled and is indicated by higher layer parameter pucch-Format1-BaseSequenceHopping in SystemInformationBlockType1;
· group hopping for PUCCH format 3 is either enabled or disabled and is indicated by higher layer parameter pucch-Format3-BaseSequenceHopping in SystemInformationBlockType1;
· group hopping for PUCCH format 4 is either enabled or disabled and is indicated by higher layer parameter pucch-Format4-BaseSequenceHopping in SystemInformationBlockType1.
Considering the inputs provided, it is reasonable to introduce the corresponding RRC parameter for all the PUCCH formats. Also it seems that with respect to group and sequence hopping, three states are considered in the spec: 1) neither of them are enabled; 2)group hopping is enable but sequence hopping is disabled; 3) group hopping is disabled and sequence hopping is enabled. It seems that the same principle applies to SRS generation as described in section 6.4.1.4.2 where a single RRC parameter SRS-GroupSequenceHopping can be initialized. 
Another important aspect to consider that PUCCH format 0, 1 and 4 utilize only one PRB. However, a PUCCH transmission based on format 3 can use 1 or more PRBs. The sequence hopping is only applicable when the number of PRBs are more than 1 (i.e. only applicable to PUCCH format 3). The group hopping (or in other words base sequence hopping) is applicable to all formats. 
Considering the following table, if we introduce one RRC parameter like SRS, called PUCCH-GroupHopping which can take three states: “neither”, “enable”, “disable”. As shown in the table, if this parameter is initialized with “enable” or “disable”, it implies that in case PUCCH format 3, group hopping would be enabled or disabled based on the value of this parameter and the sequence hopping, would be the opposite. In other words:
- PUCCH-GroupHopping “enable”: enable group hopping for PF0/1/3/4, disable sequence hopping for PF3.
- PUCCH-GroupHopping “disable”: disable group hopping for PF0/1/3/4, enable sequence hopping for PF3.
- PUCCH-GroupHopping “neither”: disable group hopping for PF0/1/3/4, disable sequence hopping for PF3.
It seems this approach can be applied for PUCCH sequences as well. Therefore, for the discussion and eventual resolution, it is suggested to consider the following proposal:
	Possible agreements:
Proposal 2.1-1: 
· A single RRC parameter PUCCH-GroupHopping configures enable/disable of group and sequence hopping for all the PUCCH formats 0, 1, 3 and 4.
· Note: This implies that PUCCH-GroupHopping replaces the already introduced parameters “PUCCH-F0-Base-sequence-hopping” and “PUCCH-F1-Base-sequence-hopping”.
· The range value for PUCCH-GroupHopping is “neither”, “enable” and “disable” where

· If PUCCH-GroupHopping is “neither”, it implies neither group or sequence hopping is enabled.
· If PUCCH-GroupHopping is “enable”, it implies that group is enabled and sequence hopping is disabled.
· If PUCCH-GroupHopping is “disable”, it implies that group is disabled and sequence hopping is enabled.

· PUCCH-GroupHopping is provided to UE via RMSI before RRC connection.




Base sequence hopping level in time domain
The following with respect to the base sequence hopping to mitigate inter-cell interference was agreed.
Agreements (RAN1#91):
· For PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused
· FFS details especially regarding slot indexing considering the difference between NR and LTE
· Slot-level base sequence hopping for PUCCH format 3 and 4 is a function at least based on a configurable ID, similarly as agreed for PUCCH format 0 and 1.
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
· FFS: whether and how to support symbol-level base sequence hopping
It is agreed to adopt slot-level base sequence and cyclic shift hopping for PUCCH formats 0,1,3,4. It was also left to further study whether the symbol level hopping should be considered. The views expressed in contributions are categorised below:
· Alt 1: Symbol level based Base sequence hopping is supported
· Supported companies: Panasonic [7], Spread spectrum [5], DCM[12]
· Objected companies: QC[13], CATT [4], Samsung[9]
· Alt 2: Subframe level based Base sequence hopping is supported
· Supported companies: CATT [4]

Since the FFS in the agreement was related to symbol-level hopping, it is reasonable to have discussion on only on Alt 1 above to resolve the open issue. Therefore, the following is suggested to be considered potentially for discussion.
	For further discussion: Discuss the following proposal and resolve the corresponding open issue:
Proposal: For PUCCH format 0, 1, 3 & 4 slot-level base sequence hopping as in LTE is agreed. Decide whether and how to support instead symbol-level base sequence hopping.
· Note: In case of no consensus, only slot-level base sequence hopping is supported as per agreement.



Initialization of PN sequence for base sequence hopping
Initialization of the pseudo-random sequence for group and sequence hopping is needed to be clarified. Few companies (LG [8], CATT[4], Intel[6]) have addressed this issue and suggested to adopt a similar approach as LTE.
To resolve this open issue, the following proposals can be considered for potential agreement.
	Possible agreements:



[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 2.3-1: If group hopping enabled and not sequence hopping, the used pseudo-random sequence  is initialized as , where the is configured by higher layer.



Proposal 2.3-2: If sequence hopping but not group hopping shall be used, the used pseudo-random sequence  is initialized as , where the is configured by higher layers.



Timing parameters for SR (RRC Impact)
One of the companies (E//[14]) addressed the clarity needed for a UE in order for the UE to determine the SR report timing. One of the configuration of the RRC parameter offset. The other one to clarify how the UE determines the starting symbol index of the SR, irrespective of its periodicity. Also, another problem was raised was the limitation to use some UL/DL TDD pattern due to the available values for SR periodicity.
In order to resolve these problems, the following proposals by (E//[14])  can be considered as a baseline for further discussion and resolve the situation. This topic is identified to have RRC impact.
	Possible agreement:
Proposal 2.4-1: 
· The SR offset is measured in slots for a given numerology.
· For an SR-periodicity of maximum one slot duration for a given numerology, UE assumes an SR-offset of zero slots.
· For an SR-periodicity of more than one slot duration for a given numerology, the SR-offset is configured b RRC to be a non-negative value less than SR-periodicity.

For further discussion: Discuss the following proposal and resolve the corresponding open issues:
Proposal:
· For an SR-periodicity of maximum one slot duration for a given numerology, the starting symbol index for the SR transmission occasion on PUCCH within an SR period is determined by
 
where startingSymbolIndex is obtained from the PUCCH resource configuration in the corresponding SR-resource.
· Note: For an SR-periodicity of more than one slot duration for a given numerology, the starting symbol index for the SR transmission occasion on PUCCH within a slot is determined by startingSymbolIndex from the PUCCH resource configuration in the corresponding SR-resource.
Proposal:
· When a UE is configured with semi-static UL/DL configuration with a UL/DL pattern of X slots,
· The UE measures the SR periodicity and offset in multiple of X slots instead of a slot to determine the UL/DL period with SR opportunity if SR reporting is configured.
· The UE is configured with an N bitmap as part of semi-static UL/DL configuration to determine the UL slots with SR opportunity if SR reporting is configured.
· N is the number of slots with UL transmission opportunity in an UL/DL configured pattern




Simultaneous transmission of multiple UCI on PUCCH
Many companies have addressed the issue of overlapping PUCCH resources for different UCI and how to multiplex the UCI (E//[14], HW[2], ZTE[3], LG[8], Nokia[11], OPPO[10], Samsung[9]).
This is an important topic that needs clarifications. Different companies have approached the problem from different angles. Therefore, it is important to discuss this topic jointly to conclude on a unified solution.
	For further discussion: 
· How a UE determines PUCCH resources are overlapped?
· Definition of overlap
· PUCCH resource being configured or scheduled
· How are different UCI multiplexed?
· PUCCH resource conveying UCI with different types as compared to the PUCCH resource for a single type
· Mapping of different UCI




SR indication
In the MAC specification TS 38.321, section 5.4.4, there is a note:
NOTE:      The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.
The thinking in RAN2 has been that the PUCCH resources would have different time or frequency resources (or some other distinguishing property) such that the gNB can determine which SR configuration triggered the transmission of a particular PUCCH resource. In cases that the PUCCH resources overlap in time, RAN2 has assumed that the gNB can determine which SR configuration triggered the PUCCH transmission. Therefore, to make this assumption valid, RAN1 has to provide means to distinguish which SR being triggered at the same time as they would both map to the same single bit. 
One of the companies (Samsung[9]) provided a solution when SR is multiplexed with other UCI and transmitted using PUCCH format 2.
Proposal: If K>1 SR resources due at the same time position with other UCI(s), ceil(log2(K+1)) bits are used to represent a SR being indicated by UE and appended to the end of the end of HARQ-ACK followed by CSI, and PUCCH format 2 is used for the transmission. 
The proposed solution can be extended for PUCCH format 3 and 4 and considered for discussion as potential agreement:
	Possible agreement:
Proposal 2.6-1: If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI.
· Note: X is used to indicated both the presence or absence of SR and which of the K configured SR is embedded.
· FFS: X=ceil(log2(K+1))





Multiplexing PUCCH
With respect to enable a PUCCH transmission to be multiplexed with other signals from a UE, and enabling MU-MIMO there are open issues to address. One company (Samsung[9]) has addressed these issues. Also, another company (QC[13]) has raised the issue of interrupting in TDM fashion a PUSCH transmission with a short PUCCH in between. This mode of operation claimed to create issues specially with respect to the power transition.
	For further discussion: Discuss the following proposal and resolve the corresponding open issues:
Proposal: CDM or FDM based multiplexing between PUCCH format 0 and other sequences from a UE is not specified in Rel-15.
Proposal: FDM of short PUCCH formats and long PUCCH formats within a slot from a UE is not supported in Rel-15.
Proposal: DMRS shifted mapping is not supported for PUCCH format 2.
Proposal: In Rel-15, orthogonal MU-MIMO is not supported for PUCCH format 2.
Proposal: In Rel-15, time-domain OCC is not supported for PUCCH format 0 with 2 symbols.
Proposal: Short PUCCH should not be scheduled to be transmitted on symbol(s) colliding with PUSCH transmission from the same UE.




Sequence grouping for length 12-sequences
Some companies (ZTE[3]) propose to re-order the new CGS of length 12. Such that the sequences with high cross correlation for different lengths shall be grouped into the same sequence group. Based on the new grouping it is shown that the number of sequences with high cross correlation is reduced.
	Possible agreement:
Proposal 2.8-1: Sequences of different lengths with high cross correlation shall be grouped into the same sequence group. 
                 ----------------Text Proposal for Section 5.2.2.2 in TS 38.211---------------------
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	27
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	-1
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	-3
	3
	-3
	3
	3
	-3
	-1
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	29
	-3
	3
	-3
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	3
	-1
	-1
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	3
	-3



-------------------------------------End of Text Proposal----------------------------------------





Clarification of specifications
UE procedure to determine the cyclic shift
There is a misalignment between 38.213 (sections 9.2.3 and 9.2.5.1) and 38.211 (section 6.3.2.2.2) in usage of parameters for the UE to determine the cyclic shift when applicable for a PUCCH transmission which has been addressed by couple of companies (HW[2], ZTE[3], Nokia[11], CATT[4]). In the updated version of 38.211 [1], the editor has addressed this misalignment and suggested the simplest approach is to make the corresponding correction in 38.213. 
	Possible agreement:

Proposal 3.1-1:  There is a notational misalignment between 38.211 and 38.213 in determination of PUCCH format 0 cyclic shift. We propose that the notations of 38.211 are adopted in also in 38.213, e.g. in section 9.2.3 as
---------------------------------------------------- Start of Text Proposal---------------------------------------






If a UE transmits HARQ-ACK using PUCCH format 0, the UE determines values  and  for computing a value of cyclic shift  [4, TS 38.211] as  where is provided by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift of PUCCH-F0-resource-config, and  is determined from the value of one HARQ-ACK bit or from the values of two HARQ-ACK bits as in Table 9.2.1-3 and Table 9.2.1-4, respectively, where a NACK value is mapped to '0' and an ACK value is mapped to '1'. 
----------------------------------------------------- End of Text Proposal---------------------------------------




Scrambling sequence
One of the companies (Nokia[11]) proposed the following correction in the specification:
	Possible agreement:
Proposal 3.2-1:
In 38.211 section 6.3.2.5.1, the data scrambling for PUCCH format 2 is defined:
---------------------------------------------------- Start of Text Proposal---------------------------------------



The block of bits , where  is the number of bits transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to




where the scrambling sequence  is given by clause 5.2.1.
----------------------------------------------------- End of Text Proposal---------------------------------------




Scrambling ID
Based on the following agreement, it is suggested to align the scramble ID of PUCCH format 2 DMRS and PUSCH DMRS. 
Agreements:
· For PUCCH format 2, the PN sequence for DMRS reuses that for CP-OFDM PUSCH DMRS. 
Based on the above agreement, one of the companies (HW[2]) suggested to align the scramble ID of PUCCH format 2 DMRS and PUSCH DMRS. 
	Possible agreement:
Proposal 3.3-1: In 38.211 section 6.4.1.3.2.1 consider the following correction:
---------------------------------------------------- Start of Text Proposal---------------------------------------
6.4.1.3.2.1	Sequence generation

The reference-signal sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2. The pseudo-random sequence generator shall be initialized with




where  is the OFDM symbol number within the slot and  is given by the higher-layer parameter UL-DMRS-Scrambling-IDScrambling-ID.

----------------------------------------------------- End of Text Proposal---------------------------------------


Issues potentially related to other AI
Aperiodic CSI
In 3GPP RAN1#91 meeting, aperiodic CSI feedback on PUCCH is discussed, and the following was agreed:
Agreements (RAN1#91):
· No consensus in RAN1#91 on how to support A-CSI on short PUCCH in Rel-15. 
· Thus, A-CSI on short PUCCH is not part of RAN1 specification for completion by Dec. 2017.
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK113]One of the companies (HW[2]) has addressed this issue and proposed the following:
Proposal: For triggering A-CSI on short PUCCH, 
· The CSI report is triggered with CSI request field in DL-related DCI.
Proposal: If HARQ-ACK and A-CSI are triggered by same DL-related DCI, support to use the same PUCCH resource for HARQ-ACK and A-CSI.
Proposal: If A-CSI and HARQ-ACK triggered by two DCIs are reported on the same slot, different PUCCH resources in TDM manner for the A-CSI and HARQ-ACK should be used.
· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.

The main contentious issue was that whether the trigger for the aperiodic CSI report should be in the DL assignment or UL grant. Therefore, it is recommended to resolve this issue first and then discuss the design related issues related to PUCCH resources. Hence the following way forward can be considered to make more progress:
	For further discussion:
· Discuss and decide in Agenda item 7.3.1.4 “DCI contents and formats” whether the aperiodic CSI on PUCCH should be triggered in DL assignment or UL assignment.
· Discuss and decide in Agenda item 7.3.2.1 “PUCCH structure in short-duration” the PUCCH resources depending on whether the HARQ-ACK and A-CSI to be reported on the same slot are triggered form the same or different DCI. 




Timing of HARQ-ACK transmission on PUCCH
Currently, the specification reads that the PUCCH resource determination is based on a PUCCH resource indicator field in a last DCI that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across cells indexes and then across PDCCH monitoring occasion indexes. One of the companies (E//[14]) proposes to have a different approach.
Another open issue is that when the slot indicator field (K1) is not included in the DCI and the UE has to transmit HARQ-ACK feedback, it has to make an assumption about the slot index. Currently, a value of 4 slots similarly to LTE, is assumed in the specification. One of the companies (E//[14]) suggests to consider other values.
 These issues although are impacting the PUCCH transmission, but it is better suited to be discussed in different agenda item.
	[bookmark: _Toc503630787]For further discussion: Discuss the following proposal in 7.3.3.2 “DL/UL scheduling and HARQ management” and resolve the corresponding issues:
Proposal:
· All HARQ bits corresponding to the PDSCH that is scheduled with a PDCCH carrying the same value for the PUCCH resource indicator and slot indicator are carried on the same PUCCH in the indicated slot by DCI.

For further discussion: Discuss the following proposal in 7.3.1.4 “DCI contents and formats” and resolve the corresponding issues:
Proposal:
· Study further to determine the K1 value K1 when it is not indicated to a UE by DCI.



Short PUCCH transmission occasion within a slot
One of the companies (Samsung[9]) addressed that the transmission of short PUCCH in other occasions than the end of slot for slot, should be conditioned on the non-slot based operation.
It was intensively discussed last time that conditioning on slot based or non-slot based is not a proper way of specifying operation. During the discussion other use cases that non-slot based operation were brought up that would benefit from the possibility of transmission of short PUCCH on other occasions that end of the slot. It was also well understood that from the UE implementation perspective, it may not be possible to transmit short PUCCH in all the symbols within the slot. Hence it was agreed that the corresponding range values of the starting symbol index of short PUCCH is to determine the range values for RRC parameters. However, it should be addressed in RAN1, depending on the UE capability, which of those values can be supported. Hence that discussion should be taken in RAN1, not only create dependency to non-slot based transmission. Since the proposal by the source above was already addressed, it is suggested to take the next step as discussing the UE capability for this feature.
	For further discussion:
Transmission of short PUCCH in occasions than end of the slot can depend on the UE processing time capability.
· This can be addressed in the discussion of UE capabilities.




Number of PUCCH transmission within a slot
One of the source companies (HW [2]) brought up the issue that based on the following agreement the UE is only allowed to transmit two short PUCCHs, or one long PUCCH and one short PUCCH in different symbols in one slot and consequently, corresponding corrections to the text in specification are proposed.
Agreements (RAN1#88bis):
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
While this agreement can be interpreted as above, other agreements made after this one, for example SR using short PUCCH with a periodicity of 2 symbols, can be considered as resolving the open issues and the motivation for the current text in the specifications. Hence it would be useful to discuss and reach to a common understanding.
	For further discussion: Discuss to reach to a common understanding on the number of PUCCH that can be TDM within a slot from a UE
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