3GPP TSG RAN WG1 Meeting AH_NR#3	R1-1715405
Nagoya, Japan, 18-21 September 2017

Agenda Item:	6.3.2.4
Source:	Huawei, HiSilicon
Title:	Resource allocation and transmit diversity for PUCCH
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In NR, since PUCCH is designed for many UCI types, PUCCH resource allocation needs to be discussed based on the UCI type. As in appendix, some agreements on PUCCH resource for HARQ-ACK, SR, and CSI feedback have been achieved. This contribution further discusses the resource allocation for HARQ-ACK, SR, and CSI feedback separately. In addition, the issue on transmit diversity for PUCCH is also discussed in this paper.
Discussion 
Resource allocation for HARQ-ACK 
For HARQ-ACK in LTE, the time domain PUCCH resource is fixed and UE just needs to determine the frequency and/or code domain PUCCH resource according to a PUCCH resource determination rule. As to NR-PUCCH for HARQ-ACK, there are several candidates for the duration in time domain for both short duration PUCCH and long duration PUCCH. Therefore, NR-PUCCH resource allocation involves time domain also. The time domain resource for NR-PUCCH can be indicated separately or jointly with frequency and/or code domain resource as discussed below.
Option 1: Indicating time domain resource separately with frequency and/or code domain resource   
Indication of time domain resource 
For short duration PUCCH, UE can transmit 1 or 2 symbols in a slot for fast ACK/NACK feedback. The starting symbol of PUCCH in a slot has been agreed to be known by UE. In addition, the duration of 1 symbol or 2 symbols should be known by UE also. Thus, for time domain resource for short PUCCH, both the starting symbol and the duration should be indicated to UE. 
For long duration PUCCH, the duration could be 4 to 14 symbols in a slot. By current agreement on PUCCH resource allocation, UE needs to know the starting symbol and duration of long PUCCH. 
Generally, three alternatives to indicate the symbol(s) for PUCCH transmission can be considered:
· Alt. 1-1: explicit and semi-static configuration 
The gNB indicates the number of symbols and starting symbol index of PUCCH to the UE semi-statically through RRC signaling. When the UE is at the cell edge or configured with carrier aggregation, long PUCCH with the corresponding starting symbol and duration could be configured to the UE. When the UE is at the cell center and has low latency requirement, short PUCCH with the corresponding starting symbol and duration could be configured to the UE. 
· Alt. 1-2: explicit and dynamic indication
The gNB indicates the time domain location of PUCCH to the UE dynamically. One field in DCI can indicate the symbol(s) for PUCCH transmission, e.g. indicate the duration and/or the starting symbol index of PUCCH.
· Alt. 1-3: combination of semi-static and dynamic indication
A set of symbols for PUCCH duration or PUCCH starting symbol can be configured to the UE by high layer, then the applied PUCCH time resource can be further indicated by DCI among the configured set. 
· Alt. 1-4: Implicit indication
For beam-based transmission, implicit indication could be considered. As illustrated in Figure 1, TRP may receive PUCCH in different symbols with different beam directions. For the case that the TRP and UE have channel reciprocity, such as the relationship between symbol index and receiving beam index, is known at UE side, the time-domain position of PUCCH could be implicitly derived from the DL transmission beam pair.
[image: ]
Figure 1. Example of time-domain position determination for UL control channel in case of beam-based transmission. 
For Alt. 1-2 and Alt.1-3, the PUCCH time resource could be dynamically changed which is beneficial for adaptation of traffic requirement and channel state variation. Therefore, Alt.1-2 and Alt.1-3 are preferred compared to Alt. 1-1. In addition, for NR-PUCCH supporting beam-based transmission, implicit indication can be considered also.
Indication of frequency and/or code domain resource 
In the RAN1#88 meeting, it was agreed that a set of PUCCH resources could be configured by higher layer signaling, and DCI could further indicate one from the resource set for HARQ-ACK. In this way, the frequency and/or code domain resources can be indicated by a field in DCI, which is a separate field from the field to indicate the symbol(s) for the NR-PUCCH. However, implicit indication may be also needed at least in some scenarios. For example, for the HARQ-ACK resource for Msg. 4 during random access procedure, implicit indication based on CCE index of PDCCH scheduling Msg. 4 similar as that in LTE could be considered also. The explicit or implicit indication could be used for PRB allocation in the active UL BWP.
In addition, fragment issue of PUCCH resource needs to be considered also, especially for the short PUCCH. It is not easy to guarantee all UEs to use the contiguous PUCCH resource from the view of gNB, which will reduce the multiplexing efficiency between PUSCH and PUCCH. Fragment issue should be taken into account when design solutions for indication of frequency and/or code domain resource. 
Option 2: Indicating time domain resource jointly with frequency and/or code domain resource 
The following alternatives can be considered for indicating time resource jointly with frequency and/or code domain resources: 
· Alt. 2-1: combination of semi-static and dynamic indication
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In the RAN1#88 meeting, it was agreed that a set of PUCCH resources could be configured by higher layer signaling, and DCI could further indicate one from the resource set for HARQ-ACK. In this way, the configured PUCCH resource set could include both PUCCH resource corresponding to long duration PUCCH and PUCCH resource corresponding to short duration PUCCH. In this way, the PUCCH duration can be changed dynamically according to the HARQ-ACK payload size, the latency requirements and/or the coverage requirement.  
· Alt. 2-2: Implicit indication
Implicit indication may be also needed at least in some scenarios. For example, as discussed in Alt. 1-4, implicit indication may be considered for NR-PUCCH supporting beam based transmission. In this case, the PUCCH resource could be implicitly derived from parameters associated with beam related and DL control channel related information for beam-based PUCCH transmission. 
In NR, both same-slot and cross-slot scheduling would be supported, and it is possible that a combination of semi-static and dynamic indication for the timing relationship between DL data reception and corresponding HARQ-ACK feedback would exist. Therefore, multiple UEs could be scheduled in different slots by the same DL control resources and transmit HARQ ACK/NACK in the same slot, leading to PUCCH resources collision. To avoid PUCCH resource collisions, an offset could be indicated by explicit indication such as some field in DCI. 

Compared to option 2, option 1 can provide more flexibility on the indication of symbol(s) for NR-PUCCH, but it may require more bits in DCI in terms of explicit indication. Option 2 may require fewer bits in DCI but it provides less flexibility. Therefore, both option 1 and option 2 can be further studied. 
Proposal 1: The following two options can be considered for resource allocation for PUCCH HARQ-ACK:
· Option 1: Indicating time domain resource separately with frequency and/or code domain resource
· One field in DCI to indicate the symbol(s) for PUCCH transmission
· The time-domain position of PUCCH could be implicitly derived from the DL transmission beam pair in case of PUCCH supporting beam based transmission 
· Option 2: Indicating time domain resource jointly with frequency and/or code domain resource
· Different PUCCH resources within the PUCCH resource set configured by higher layer can correspond to different number of symbols
Resource allocation for SR
In LTE, UE is allocated with a dedicated SR resource by semi-static configuration. The resource is determined by parameters sr-ConfigIndexes in time domain and sr-PUCCH-ResourceIndexes in frequency domain, and the sr-ConfigIndexes determines SR period and SR position in the period. The eNB could receive UE SR by on-off design in the dedicated SR resource.
In NR, by current RAN2 agreement on SR, multiple SR configurations can be configured to a UE and which SR configuration is used depends on the LCH that triggers the SR, the numerology of the SR transmission does not need to be the same as the numerology of the LCH. In RAN1, these multiple SR configurations could provide multiple resources in time domain, or in frequency domain, or both domains. Further considering that time interval of SR could be smaller than a slot, different time intervals may need to be defined per different SR configurations. Semi-static resource allocation for NR SR could be maintained.
Resource allocation for CSI feedback
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]With the reason that payload sizes of P-CSI are predefined, to simplify the issue and reduce the signalling overhead, the time and frequency domain resource for P-CSI transmission can be semi-statically configured by high layer signalling. For semi-persistent CSI reporting, the resource allocation would relate to the activation/deactivation mechanism and triggering method. However, there is a possibility that if slot-type (DL-only, UL-only, DL-centric or UL-centric) is dynamically changed, for example, the slot that P-CSI is going to report on is a DL-only slot because of dynamic changing. Therefore, some semi-static configured resources cannot be used. In this case, as one option, UE can postpone the transmission in the next nearest available resource in a predefined manner. Another option is that UE can transmit the periodic information in the reconfigured resource, which can be reconfigured according to the updated parameter configuration of periodic transmission. The two options are shown in Figure 2.


Figure 2. [bookmark: OLE_LINK124]Resource for periodic transmission when slot-type is changing dynamically.
For the above two options, if the UE cannot find an available slot for a fixed period of time, periodic transmission would be dropped. For A-CSI on PUSCH, similar problem can be caused by dynamic changing of slot-type. In this case, UE can postpone the aperiodic transmission in the next nearest available resource in a predefined manner or UE can transmit the aperiodic transmission according to the updated triggering information. The minimum threshold of processing time for A-CSI should be considered to ensure the aperiodic information is ready to transmit.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 2: When slot-type changes, resource for periodic transmission should be reconfigured.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Both short duration PUCCH and long duration PUCCH can be used for CSI reporting, the joint UCI can be transmitted in short duration PUCCH or long duration PUCCH considering the payload size. In another case, as the agreement that TDM between short duration PUCCH and long duration PUCCH are supported for same or different UEs in one slot in RAN1 #88bis meeting, UCI transmission can take this into consideration. There is a possibility that UCI can be separated into two parts, for example HARQ ACK/NACK (SR) and CSI, and transmitted in short PUCCH and long PUCCH separately according to latency requirement.
[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK5]Proposal 3: When two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner, UCI can be transmitted on short PUCCH or long PUCCH or both in a separately way.
Transmit diversity for PUCCH
Transmit diversity for long PUCCH
Different PUCCH formats were defined in LTE to transmit different UCI including SR, ACK/NACK, CSI and UCI combination. FDM and CDM were used among multiple UEs in LTE. Different UEs can occupy different PUCCH control region in RB pair level within one subframe. Different orthogonal resources can be used for multiple UEs within same PUCCH control region. The orthogonal resource in code domain can be defined by Cyclic Shift (CS) of the base sequence, the Orthogonal Cover Code (OCC), or their combination (CS, OCC), depending on concrete format. Furthermore, the orthogonal resources can be defined by different RBs in frequency domain or symbols in time domain.
In principle, the above orthogonal resources for multiplexing PUCCH channels from different UEs can be used on multiple antennas to transmit PUCCH from single UE and hence could obtain transmit antenna diversity gain. This is usually called Spatial Orthogonal Resource Transmit Diversity (SORTD). 
· SORTD for long PUCCH with up to 2 bits
For long PUCCH with up to 2-bits, similar to PUCCH format 1/1a/1b in LTE, a single self-contained UCI can be carried in single symbol. Therefore, it is easy to adapt itself to different number of symbols for long duration PUCCH.  The single symbol can use different CS and can spread over time domain via OCC.
As agreed working assumption in June meeting, sequence in frequency domain combined with Orthogonal Cover Code (OCC) in time can be used to form DMRS and data symbols for a long PUCCH with up to 2-bit UCI. Therefore, long PUCCH can maintain at least two orthogonal resources, either via different CS or OCC or (CS, OCC) for UCI and DMRS. The orthogonal resources can be used for two antennas in SORTD for PUCCH. An example is shown in Fig.3 for case of 6 symbols, where two different cyclic shifted sequences, CS0 and CS1, can be used for DMRS and UCI over two antenna ports, respectively.  
[image: ]
Figure 3. Example - SORTD for long PUCCH with up to 2 bits
Base on the above discussion, we can have observation:
Observation 1: SORTD can be used to support long PUCCH with up to 2 bits.
· SORTD for long PUCCH with moderate payload
As discussed in [7], time domain OCC, pre-DFT OCC and FDM within one RB can be used for long PUCCH with moderate payload. The time domain OCC can be used for SORTD when transmit diversity is needed, which is already adopted for PUCCH format 3 in LTE. An example is shown in Fig.4 for case of 6 symbols. It should be noted that time domain OCC and frequency hopping is mutual-exclusive choice when duration is less than 6 symbols [7], which means SORTD or frequency hopping could be configurable for the case of 4 or 5 symbols if an orthogonal resource in code domain is used for transmit diversity. For pre-DFT OCC scheme, different OCC can be as orthogonal resource used for different antenna.  For FDM within one RB, two combs within one RB can be used as orthogonal resource used for different antenna. Therefore, based above 3 alternatives, SORTD can be used as transmit diversity scheme. More detail can be found in our companion contribution [7].
[bookmark: _GoBack][image: ]
Figure 4.  Example - SORTD for long PUCCH with moderate payload
Base on the above discussion, we can have the following observation:
Observation 2: SORTD can be used to support long PUCCH with moderate payload.
· Transmit diversity for long PUCCH with large payload
Long PUCCH with large payload can be based on PUSCH or PUCCH format 4 in LTE, which is actually used for single UE and hence there is no multiplexing capability. Whether to support transmit diversity should be considered. Furthermore, since this format is mainly to address larger payload size in NR, more RBs should be considered. A possible extension based on SORTD is to use different RBs/RB groups for different antennas, based on frequency switching. Another possible extension is to utilize 2-antenna spatial multiplexing to transmit more coded bits, therefore, resulting lower code rate and hence higher reliability. 
Other possible transmit diversity schemes such as SFBC, FSTD and CDD were widely compared during LTE R8 standardization. More details can be found in [8]. As shown from the simulation results in contribution [9], CDD was worse than other schemes.
Based on the above discussions and observations, we have the following proposal:
Proposal 4: SORTD will be considered as starting point to support transmit diversity for long PUCCH. 
 
Transmit diversity for short PUCCH
· SORTD for short PUCCH with up to 2 bits
As already agreed in RAN1#88bis meeting, PAPR/CM was an important performance metric for up to 2 bits. Therefore, SORTD is a natural choice.  
For 1-symbol PUCCH with up to 2 bits, a set of low PAPR/CM sequences were provided in our companion contribution [10], where 12-length sequence was used on 12-subcarriers, different cyclic shifted versions of base sequence are used to carry up to 2-bit UCI.  Therefore, the orthogonal CS (cyclic shift) sequence can be used for different antennas from the same UE, which is a SORTD scheme.  The above scheme can be extended for 2-symbol PUCCH, via repetition and frequency hopping, where each symbol will use SORTD, similar as that for 1-symbol PUCCH. 
Base on the above discussion, we have the following proposal: 
Proposal 5: SORTD will be used for 1 and 2-symbol PUCCH with up to 2 bits.
· SFBC for short PUCCH with more than 2 bits
Due to limited number of resource elements, it is difficult for short duration PUCCH to carry more than 2 bits based on a sequence.  Since CP-OFDM NOT DFT-s-OFDM is used, low PAPR/CM will not be a main concern. 
Therefore, CDD, STBC and SFBC are possible transmit diversity schemes for short duration PUCCH with more than 2 bits. Due to requirement of even number of symbols in time domain, STBC cannot be used for one-symbol PUCCH. As already widely evaluated during LTE R8 standardization, CDD for CP-OFDM was worse than the other transmit diversity scheme such as SFBC, for example, from the simulation results from contribution [8]. Therefore, SFBC is promising.  
The above scheme can be extended to 2-symbol PUCCH, via time domain OCC or joint encoding and frequency hopping, where each symbol will use SFBC similar to that for above 1-symbol case.   
Base on the above discussion, we have the following proposal:
Proposal 6: SFBC will be used for 1 and 2-symbol PUCCH with more than 2bits. 

[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution mainly discusses PUCCH design, including the PUCCH resource determination for HARQ-ACK, SR, CSI feedback, and transmit diversity for PUCCH. Based on the discussions, we have the following observations and proposals.
Observation 1: SORTD can be used to support long PUCCH with up to 2 bits.
Observation 2: SORTD can be used to support long PUCCH with moderate payload.
Proposal 1: The following two options can be considered for resource allocation for PUCCH HARQ-ACK:
· Option 1: Indicating time domain resource separately with frequency and/or code domain resource
· One field in DCI to indicate the symbol(s) for PUCCH transmission
· The time-domain position of PUCCH could be implicitly derived from the DL transmission beam pair in case of PUCCH supporting beam based transmission 
· Option 2: Indicating time domain resource jointly with frequency and/or code domain resource
· Different PUCCH resources within the PUCCH resource set configured by higher layer can correspond to different number of symbols
Proposal 2: When slot-type changes, resource for periodic transmission should be reconfigured.
Proposal 3: When two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner, UCI can be transmitted on short PUCCH or long PUCCH or both in a separately way.
Proposal 4: SORTD will be considered as starting point to support transmit diversity for long PUCCH. 
Proposal 5: SORTD will be used for 1&2-symbol PUCCH with up to 2 bits.
Proposal 6: SFBC will be used for 1& 2-symbol PUCCH with more than 2bits. 
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Appendix
In the RAN1#87 meeting, the following agreements related to uplink control channel were achieved [1]:
Agreements:
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)
In the RAN1#88 meeting [2], the following agreements and conclusion related to resource allocation for PUCCH were achieved:
Agreements:
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping
Conclusion:
· To determine the time resource for long duration PUCCH in a slot, study further
· Option 1: explicit and dynamic indication
· Option 2: explicit semi-static configuration
· Option 3: implicit determination
· Or a combination thereof
In the RAN1#90 meeting [3], the following agreements related to uplink control channel were achieved:
Agreements:
· In order to identify PUCCH resource, at least following are known by the UE:
· PUCCH format
· Starting symbol in a slot
· Which slot(s) the PUCCH is transmitted
· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· No additional parameters are identified
· For 2-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,
· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· Sequence/code index
· OCC and, e.g., cyclic-shift
· Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,
· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,
· FFS: details
· FFS: for transmit diversity
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
In the RAN1#90 meeting [3], the following agreements related to SR were achieved:
Agreements:
· It is up to RAN2 how many SR configurations the UE can be configured with.
· In case of SR only, the physical layer can only transmit one SR at any given time
· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2
· Multiplexing of SR and HARQ feedback is supported on short-PUCCH
· Multiplexing of SR and HARQ feedback is supported on long-PUCCH
· An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)
· Working assumptions:
· X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
· FFS: Supported periodicity values
· FFS: Possible limitations due to other factors
· One configured SR can be associated with either short or long PUCCH
In the RAN2 #99 meeting [4], the following agreement related to SR was achieved:
Agreement: 
· One or multiple logical channel(s) are mapped to SR configuration (e.g. not LCG)
· RAN2 understanding is that numerology of the SR transmission need not be the same as the numerology of the LCH which triggered the SR
· For the single-cell case, one single LCH is mapped to none or one SR configuration per BWP.  This agreement is pending confirmation from RAN1 that a single BWP can support multiple SR configurations and understanding of how BWP is switched.  
· FFS how to handle SR configuration, mapping and transmission for CA case
· sr-ProhibitTimer is independently configured per SR configuration.  Whether a single timer or multiple timers are running at the same time are FFS.   
· drs-TransMax is independently configured per SR configuration.  FFS whether SR_COUNTER is maintained for each SR configuration independently
In the RAN1 #88 meeting [2], the following agreements related to PUCCH resource allocation and CA/DC were achieved:
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16
· Note that 32 is considered from RAN2 specification perspective
· The number of NR CCs in any aggregation is independently configured for downlink and uplink 
In the RAN1 #88bis meeting [5], the following agreements related to PUCCH resource allocation were achieved:
· 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)
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.
In the RAN1 Ad-hoc#2 meeting [6], the following agreements related to CSI were achieved:
· Periodic CSI reporting is carried at least on 
· Short PUCCH 
· Long PUCCH
· FFS whether in single-slot only or in multiple slots
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
· Type I subband CSI can be carried on either one of PUSCH and long PUCCH
· Type II CSI is carried at least on PUSCH
FFS CSI on PUCCH
In the 3GPP RAN1#88bis meeting, the following transmit diversity schemes were agreed as candidates for DFT-s-OFDM in long duration PUCCH: 
· For DFTsOFDM in long-PUCCH, the following schemes are candidates for transmit diversity:
· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD), time domain beam/precoder cycling or SORTD
· FFS: for which PUCCH format and/or payload size 
· Other schemes with low PAPR are not precluded.
· Companies proposing a certain transmit diversity scheme are encouraged to jointly propose PUCCH structure and the transmit diversity scheme.
In the 3GPP RAN1 NR ad hoc meeting in Qingdao, frequency domain sequence with time domain OCC were agreed to be used to form DMRS and data symbols for a long PUCCH with up to 2bits UCI: 
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.

· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
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Option 1: Postpone to the nearest available position in a predefined manner

Option 2: Transmit the periodic information in the reconfigured resource


