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Introduction
In RAN#90, the following agreement has been made regarding PUCCH resource allocation:
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
· [bookmark: _Hlk491366649]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 RAN1#88 [1] and RAN1#88bis [3], the following agreement has been made for uplink transmit diversity for DFT-S-OFDM based data channel
· For DFT-S-OFDM, following schemes can be candidates for UL diversity schemes for UL data: CDD, precoder cycling, antenna port switching, SFBC, and STBC.
· RAN1 should down select them in WI phase.
· FFS the corresponding spec impact (if any)

· For DFTsOFDM in data channel, 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, panel selection), time domain beam/precoder cycling

Discussion on resource allocation type
In RAN1 # 88, it has been agreed that at least for HARQ-ACK transmission, a set of PUCCH resources is configured by high layer signalling, a PUCCH resource within the configured set is indicated by DCI. 	This does not preclude implicit resource mapping. In RAN1#88, it’s also agreed that for PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot with the set of supported values for FFS.	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
 Semi-static resource allocation is supported for PUCCH. With semi-static configurations, the grant overhead may be reduced. However, the resources need to be reserved for a very long time. Therefore, Semi-static resource allocation may be efficient for scheduling request (SR) where certain resource needs to be reserved for UEs to initiate UL data transmission, or periodic control information like periodic CQI. To reduce turnaround time for certain high priority UEs, a Buffer status report (BSR) with reduced payload may be transmitted on PUCCH in place of SR. For semi-persistent PDSCH, a semi-static resource allocation for the ACK channel can also reduce grant overhead. On the other hand, UCI like ACK for dynamic PDSCH don’t have a predictable transmission pattern and therefore semi-static configurations will incur resource waste. It’s better to allocate the resource for dynamic ACK transmission with dynamic resource allocation. In another word, the resource allocation type for PUCCH should depend on its UCI. We therefore have the following proposal:
Proposal 1: resource allocation for PUCCH depends on UCI:
· Support semi-static resource allocation for 
· Periodic CQI, 
· SR, 
· ACK/NACK for semi-persistent PDSCH
· Support dynamic resource allocation at least for 
· ACK/NACK for dynamic PDSCH 

Implicit mapping for 1 or 2 bits of ACK channels


For 1 or 2 bits of ACK channels transmitted in either long or short duration, we may use implicit mapping to derive the ACK resource. Due to some enhancement already introduced or could introduced in the future for NR, the implicit mapping rule in LTE may cause ACK resource collision [1]. Fortunately, the collision can be easily handled by simple enhancement of the implicit mapping rule by defining different resource pools for different groups. For example, in a system with multiple CORESET, a UE may monitor only a particular CORESET. Therefore, if the resource mapping function only depends on starting CCE, two UEs in different CORESET s may be mapped to the same ACK resources leading to collision. To avoid such a collision, the implicit mapping may be CORESET dependent. For example, there may be a unique CORESET offset for each CORESET on top of starting CCE so that different CORESET will be mapped to different ACK resource pools. Another collision issue raised in [2] is with potential MU-MIMO support in DL control channel, two users may have same CCE index hence mapped to the same ACK resources. This collision can be resolved by simply including a unique UE ID associated with the DL MU-MIMO transmission, such as , into the implicit mapping function. For example, adding a unique offset based on on top of the existing implicit mapping rule should be able to resolve the ACK resource collision. Different UEs in the MU-MIMO mode will then be mapped to different resource pools. We therefore have the following proposal:
Proposal 2: Support implicit resource mapping from starting CCE of PDCCH to ACK resource for 1 or 2 bits in both long duration and short duration. 
· 
Use ARI in DCI to indicate different CORESETs or different .

Once UE finds out which ACK resource pool it should use, it needs to figure out the ACK resource index within the resource pool. This can be done again with combination of implicit mapping and explicit indication. 
For 1 or 2 bit ACK channel, since long PUCCH-ACK and short PUCCH-ACK has very different channel structure as well as operation SNR, the short PUCCH-ACK and long PUCCH-ACK resources will be orthogonal to each other. Therefore, they need to be mapped to different PDCCH starting CCEs. Otherwise, the one PDCCH CCE can only be used to schedule either long PUCCH-ACK or short PUCCH-ACK but not both.  This may lead to under-utilize the UL ACK resources. Having different PDCCH CCEs map to long and short PUCCH-ACK may solve this issue. The following figure illustrates how the starting RB index may be mapped from PDCCH CCE index. 
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Figure 1. implicit mapping of long and short PUCCH-ACK
The resources for long and short ACK transmission may be semi-statically configured in SIBs. The base sequence index for PUCCH-ACK should be either semi-statically configured in the SIBs or pre-determined in the spec depending on cell id.  
For long PUCCH-ACK, the number of RBs should be fixed as 1 similar to LTE. For short PUCCH-ACK, the number of RBs of 1, 2, or 4 may be supported with possible down selection in RAN1 meeting. The number of RBs may be depend on UE’s channel conditions, e.g., cell edge or cell centre. To save overhead, the number of RBs may be semi-statically configured in RRC configure. A dynamic scheduling of number of RBs may override this default value. 
In RAN1#89AH, it has been agreed that the UE processing time(s) is defined in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K), where N1 is the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.  Therefore, slot index and the starting symbol index can be derived from N1 value. It has also been agreed in that UE processing time(s) (previously defined in K1 value) may have a default value which may be override dynamically. To reduce DCI overhead and support a wide range of N1 values at the same time, the semi-static N1 value may have a wider range than the dynamic N1 values. To save signalling overhead, the dynamic N1 value may be derived from an offset to the semi-static N1 value. The set of allowable offsets are signalled in RRC configure. The assigned offset is signalled in DCI. The dynamic N1 value is therefore calculated as the sum of semi-static N1 value and the dynamic offset indicated. 
The duration of short PUCCH is either 1 or 2 symbols which may be either dynamically or semi-statically configured. For short PUCCH-ACK channel, using 1 or 2 symbols should mostly depend on UE channel condition. Therefore, we prefer that the duration of short PUCCH-ACK should be semi-statically configured in RRC. A dynamic scheduling of number of symbols may override this default value. 
The duration of long PUCCH may be derived in default mode with ending symbol determined by the starting position of UL short duration which should be semi-statically configured. PUCCH-ACK may also span more than 1 slots for coverage enhancement. The number of slots should depend on UE’s link budget. Therefore, we prefer this information to be semi-statically configured in the RRC. The duration of long PUCCH may also be dynamically configured in DCI. When the ending symbol exceeds slot boundary of starting symbol, it means that consecutive symbols between starting symbol and ending symbols are assigned to the UEs. When the ending symbol is within the slot boundary of the starting symbol, and the number of slots is greater than one, the same starting and ending symbols per slot will be used within the multi-slots assigned. The following figure illustrates the two scenarios. In both cases, the UE is assigned with 2 slots. Figure 2a has starting and ending symbol in different slots. Therefore, all symbols between starting and ending symbol is used for this UE’s long PUCCH-ACK. Figure 2b has starting and ending symbol in the same slot. The UE’s long PUCCH-ACK duration will not be continuous. But in the two slots, it will use the same starting and ending symbol so that the symbol indices in the ensuing slots don’t need to be signalled. For flexibility, the eNB may also include dynamic configuration of the number of slots and number of RBs.
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Figure 2. long PUCCH-ACK with aggregated slots

It has been agreed that for long PUCCH-ACK, frequency hopping can be enabled or disabled in RRC configure. We may extend this to short PUCCH with 2 symbols. 
To balance between DCI overhead and scheduling flexibility, the spec may define two DCI formats with different payload length. The DCI format A0 includes minimum dynamic scheduling information for short PUCCH-ACK. The DCI format A1 includes more dynamic scheduling information for short PUCCH-ACK. An indicator may be set semi-statically in RRC to indicate which format a UE should decode. Alternatively, the indicator may also indicate whether a UE should do blind detection of different DCI formats. For example, 0 may indicate a default DCI format A0 and UE doesn’t need to do blind detection. And 1 may indicate UE needs to do blind detection of both DCI formats. To reduce complexity, we prefer to use the indicator for format selection and eliminate blind detection. 
In summary, the following give examples on what information should be semi-statically or dynamically configured and if dynamically configured by explicit indication or implicit mapping. 

For 1 or 2 bits of ACK channel, at least the following information should be semi-statically configured in SIBs 
· Resource pools for different groups (CORSSETs, MU-MIMO, etc)
· Long and short PUCCH-ACK resource regions within each resource pool
· base sequence index if not pre-determined in the spec

The following information is semi-statically configured in RRC
· default N1 value
· the set of N1 values for dynamic indication 
· number of RB index for short PUCCH-ACK if 2RBs or 4RBs is supported
· number of symbols for short PUCCH-ACK
· number of slots for long-PUCCH ACK
· frequency hopping indicator for either short PUCCH-ACK or long PUCCH-ACK
· DCI format indication to let the UE know which DCI format to expect
· DCI format A0
· DCI format A1

The following information is indicated DCI format A0
· dynamic N1 value (reserve one value to indicate using default N1 value)
· Starting symbol and slot index is derived from N1 value
· Ending symbol of long PUCCH is derived based on the boundary between long and short duration
· The bit width of this field is determined by the set of dynamic N1 values. If the set size has 0 or 1 values, this field doesn’t exist. 
· ARI for different UL PUCCH-ACK resource pools
· The bit width of this field is determined by the number of UL PUCCH-ACK resource pools in the system

The following information is indicated DCI format A1
· dynamic N1 value (reserve one value to indicate using default N1 value)
· Starting symbol and slot index is derived from N1 value
· The number of bits are determined by the set of dynamic N1 values. If the set size has 0 or 1 values, this field doesn’t exist. 
· Ending symbol or the number of symbols for either short PUCCH or long PUCCH
· Number of RBs for short PUCCH
· Override default value in RRC configure
· Number of slots for long PUCCH
· Override default value in RRC configure

Implicit mapping is used to determine the following parameters
· long PUCCH region or short PUCCH region
· starting RB index 
· This should be the starting RB index in the first hop if frequency hopping is enabled. The starting RB index for the second hop will be derived based on this starting RB index in the first hop
· The mapping rule should take into account of number of RBs if 2RBs or 4RBs is supported
· First shift index 
· For long PUCCH-ACK channel, this is the shift index in the first symbol, the rest of shift indices are derived based on a pre-determined shift hopping pattern similar to LTE.
· For short PUCCH-ACK, this means the first shift index for sequence based short ACK
· Let  be the sequence length,  be the number of ACK bits. The first shift index  should be in the range of [0, 
, 
· The rest of shift indices in first symbol are derived based on the first shift distance .

The shift index for ith hypothesis may be derived as

 

· The shift indices for the second symbol is derived based on a pre-determined shift hopping rules if 2-symbol short PUCCH

· Time domain OCC index for long PUCCH
· The spreading factor and the corresponding OCC sets is derived based on the number of data and DMRS symbols in the slot and whether frequency hopping is enabled. 
· This value indicates the OCC index within the OCC sets derived above

The following figure gives one specific example on how ACK resource information can be determined for a 1-symbol short PUCCH-ACK channel with 2 bits of ACK information and DCI format.A0:
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Figure 3. Example of 1-symbol short PUCCH with short DCI format
We therefore have the following proposal:
Proposal 3: Consider defining at least two DCI formats with different amount of information for dynamic scheduling
· An indicator in RRC configure to indicate which format to be used for the UE. 

Proposal 4: The following information is based on implicit mapping for PUCCH with 1 or 2 bits of ACK bits
· Long or short PUCCH region
· Starting RB index
· First shift index
· Time domain OCC index for long PUCCH


The number of ACK bits may be derived based on number of code words per PDSCH, and the number of PDSCH to be acknowledged within a PUCCH channel. the number of PDSCH to be acknowledged may depend on the number of CCs used. For example, if one PDSCH has one code word, the UE will transmit two Ack bits with two CCs. Since PDSCHs of different slots may be acknowledged within a single PUCCH channel, the number of PDSCH may also depend on the total slots to be grouped in a single PUCCH channel. For example, if one PDSCH has one code word, the UE will transmit two ACK bits if it needs to acknowledge PDSCH from current slot and its preceding slot simultaneously. 
If some PDCCH for PDSCH scheduling is not decoded successfully, the UE may transmit less ACK bits than what the eNB expects. To avoid confusion between UE and eNB, eNB may also semi-statically configure the number of ACK bits for the UE for up to 2 bit of ACK bits. For example, the eNB may configure the UE to transmit 2 ACK bits only for 2 code words in single PDSCH. In that case, if one PDSCH has only one code word, the UE will bundle the two ACK bits from two CCs to single bit and then transmit. The UE may transmit 3 or ACK bits without bundling for 3 or more CCs. Similarly, the UE may bundle two PDSCH from two different slots to single ACK bit. The UE may transmit 3 or more ACK bits without bundling for 3 or more PDSCH. Whether eNB should semi-statically configure 1 or 2 ACK bits for one UE or let the UE dynamically derive the number of ACK bits is for future study. 

Resource allocations for combination of UCI
When different types of UCI are transmitted simultaneously, resource allocation for PUCCH may also be different types depending on the combinations of UCI. For example, if 1 or 2 bit of ACK to be transmitted together with periodic CQI in long duration, the PUCCH may use CQI resource with ACK piggy backed on CQI similar to LTE. In this case, we may not need to dynamically allocate the resource for ACK if it’s dynamic ACK/NACK.  If the ACK/NACK transmission is for semi-static PDSCH, the semi-static ACK resource for this slot may be freed for other UEs. 
If more payload of ACK bits are needed, the CQI resource may not be sufficient to transmit the combined UCI, a new resource dynamically allocated may be used which overrides any semi-static resource allocation. The CQI resource or the ACK resource if semi-persistent may then be freed for other UEs for this slot. The new resource may either be completely new RBs different from either CQI resource or ACK resource previously semi-statically allocated, or it may be either CQI or ACK resource extended e.g., with more RBs. Since ACK and CQI have different performance target, an independent coding may be desirable. This can be done with long-PUCCH + long-PUCCH in TDM manner, or long-PUCCH + short-PUCCH in TDM manner, or short-PUCCH + short-PUCCH in TDM manner. In some cases, ACK and CQI may also be FDMed in UL short burst within one OFDM symbol. We therefore have the following proposal:
Proposal 5: Resource allocation for combined UCI depends on combination of UCI. 
· For 1 or 2 bit ACK/NACK bits, use CQI resource with ACK piggy backed on CQI 
· For more payload ACK bits, consider dynamic resource allocation with following multiplexing options
· two NR-PUCCH multiplexing in TDM manner with long-PUCCH + long-PUCCH, long-PUCCH+short-PUCCH, or short-PUCCH + short-PUCCH
· two NR-PUCCH multiplexing in FDM manner in short burst with 1 OFDM symbol
· Consider including 1 bit SR with multi-bit Ack transmission when #Ackbits >X.
· FFS the value of X. FFS extension to including SR with other UCI types
[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Discussion on cell-specific long and short duration
So far, there hasn’t been a clear distinguish between cell-specific and UE specific long duration and short duration or UL short burst (ULSB). But they are actually quite different. A dynamic configuration of ULSB requires indication in PDCCH and a UE needs to decode PDCCH constantly in order to know where to transmit PUCCH in ULSB. This is undesirable when semi-static configuration or implicit mapping of PUCCH resource is used. Therefore a semi-static configuration of ULSB duration is preferred. Furthermore, The cell-specific short duration needs to be semi-statically configured so that the neighbouring cells may be configured with the same cell-specific short duration in the same slots in order to avoid mixed interference. The cell specific long duration may be derived as (slot duration – semi-static cell-specific short duration – semi-static PDCCH duration – GAP)
The UE specific short duration may be a subset of the cell specific short duration. For example, the cell-specific short duration may be 2 symbols and UE specific short duration may be 1 symbols. But UE specific short duration should not go beyond cell-specific short duration in order to avoid mixed interference. 
The UE specific long duration may also be a subset of the cell specific long duration. For example, the cell-specific long duration may be 11 symbols and UE specific long duration may be 4 symbols. eNB may control the UE-specific long duration with assigning start/end symbol index.  
Now we will discuss on the extension of UE-specific long duration to go beyond cell-specific long duration. The UL long duration is affected by both PDCCH region and ULCB region. A default value of the PDCCH duration may be semi-statically configured by gNB but the actual value of the PDCCH duration could be dynamically changed with any value less than the default. The actual PDCCH duration is indicated with PCIFICH. However, a UE is not mandatory to decode PCIFICH. Therefore, the starting position of UL long duration may be interpreted differently for UEs with or without decoding of PCIFICH. This could complicate resource management for gNB. Since there may be time domain spreading, if UEs with different starting position are multiplied in the same RB, orthogonality may be broken due to different spreading factors might be used at UE side. So a gNB may need to separate UEs that decodes PCIFICH from UEs that does not decode PCIFICH and put them in different RBs. To separate users and to decode PUCCH from UEs with different long duration, gNB needs UEs to feed back its PCIFICH decoding behaviour. This adds overhead. Also a PCIFICH decoding failure will also leads to PUCCH decoding failure due to wrong starting position are assumed at UE and gNB side. Alternatively, the starting position of PUCCH could be semi-statically configured, i.e., for any UE regardless whether it will decode PCIFICH, PUCCH always starts from the default position. That is PUCCH transmission will not extend to default PDCCH+GAP  region even though the actual PDCCH symbols is less. Confining UE-specific long duration to not extend to PDCCH+GAP region will greatly simplify things for both gNB and UE although the price paid is the PUCCH RBs in unused PDCCH region could be wasted. 
UE specific long PUCCH duration is also affected by ULSB. It has been agreed that ULSB may have 1 or 2 normal symbol duration. It has been agreed that both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot. FDM between short PUCCH and long PUCCH means long PUCCH might be extended to ULSB region. This is fine when the extension is semi-static, i.e., long PUCCH extends to ULSB region only when the entire ULSB region occupies a sub-set of the wideband bandwidth. However, when dynamic long PUCCH extension is extended, UEs needs to monitor PDCCH in order to know whether extension is allowed or not. This again is undesirable when implicit mapping or semi-static configuration of PUCCH resource is used. 
Furthermore, if dynamic configuration of PUCCH duration is allowed, it will also increase the power consumption. UE may not have enough time line to process PDCCH, decode DCI containing PUCCH duration and apply to PUCCH transmission in the same slot. Therefore, UE may have to wake up earlier only to decode PDCCH and figure out the configured PUCCH duration, which will cause more power consumption.
We therefore propose that the UE specific long duration will not go beyond cell specific long duration as illustrated in the following figure.
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Figure 4 semi-static configuration of PUCCH in long duration

Proposal 6: A cell specific short duration should be semi-statically configured. A cell specific long duration may be derived based on slot duration, semi-static PDCCH region, cell-specific short duration, and GAP
· The UE specific short PUCCH duration may be a subset of the cell specific short duration but should not go beyond it.
· The UE specific long PUCCH duration may be a subset of the cell specific long duration but should not go beyond it.

Furthermore, there might be multiple DL/UL BWP. Each BWP may have different PDCCH region. So even with semi-static configured starting position of long PUCCH, different UL BWPs may have different starting position. When a UE needs to transmit PUCCH in different UL BWPs simultaneously similar to dual PUCCH in LTE, the PUCCH in different UL BWPs may start at different symbols. This will create problem for power control and maintaining phase continuity when the latter PUCCH starts. The same also holds true for having different ending symbols. To avoid this problem, we should consider the same starting symbols for PUCCH in long duration for different UL BWPs. We therefore have the following proposal:
Proposal 7: Support the same starting and ending symbols for UE specific long PUCCH in different UL BWPs.

Discussion on transmit diversity for PUCCH
The transmit diversity schemes for PUCCH and CP-OFDM based PUSCH are not decided yet. Even for the DFT-S-OFDM based PUSCH channel, RAN1 still needs to down select transmit diversity scheme from five proposals. 
In this contribution, the diversity scheme for PUCCH channels are discussed. 
The PUCCH channel utilizes DFT-S-OFDM waveform to improve the performance for cell edge users which are link budget limited. A transmit diversity scheme which can explore the Tx diversity while maintain low PAPR DFT-S-OFDM waveform at the same time is definitely desirable to increase the coverage of PUCCH channel. However, not all transmit diversity schemes can maintain low PAPR waveform. For example, the traditional SFBC transmit diversity scheme, which applies space frequency block coding over two adjacent frequency tones, cannot be applied to PUCCH, because the generated waveform with SFBC is not single carrier anymore. 
In LTE, SORTD (space orthogonal resource transmit diversity) is adopted for PUCCH. SORTD scheme utilizes two PUCCH resources to transmit signals from two antennas. Therefore, SORTD can maintain the single carrier waveform for PUCCH. However, SORTD requires twice the amount of PUCCH resources to achieve transmit diversity. 
In this contribution, for PUCCH with DFT-S-OFDM waveform, we focus on the transmit diversity schemes that can maintain good PAPR properties. Specifically, a scheme of STBC before DFT is proposed for PUCCH transmit diversity. The proposed virtual split STBC before DFT scheme has the following advantages over other diversity schemes
· maintains the single carrier waveform
· works with any number of OFDM symbols
· does not increase PUCCH resource consumption
· achieves full diversity gain
· Alamouti receiver processing can be done in frequency domain rather than time domain for simplicity.

For short/long PUCCH with UCI 1 or 2 bits payload, it is agreed to be a sequence based transmission. For sequence based transmission, we can consider SORTD which is already adapted in LTE as a baseline.
For short PUCCH with UCI more than 2 bits payload, we have only 1 or 2 OFDM symbols. Pilot overhead to estimate channels from multiple transmit antenna ports can overwhelm the diversity gain from non-transparent schemes. Therefore, it is reasonable to adapt transparent scheme for short PUCCH with more than 2 bits payload.
Proposal 8: For short/long PUCCH with 1 or 2 bits payload, consider SORTD for the transmission diversity scheme.
Proposal 9: For short PUCCH with more than 2 bits payload, transmission diversity scheme is not explicitly supported in specification.
 Therefore, in the rest of this contribution, we focus on long PUCCH with more than 2 bits payload. For long PUCCH with more than 2 bits payload, we propose the SC-STBC with Virtual Split which is described in [4].
Table 1. Proposed Transmission Diversity Schemes for PUCCH
	
	Transmission Diversity Scheme

	Long PUCCH with more than 2 bits payload
	SC-STBC with Virtual Split

	Short PUCCH with more than 2 bits payload
	Transparent Scheme

	Short/Long PUCCH with 1 or 2 bits payload
	SORTD



Virtual Split SC-STBC for Long PUCCH
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[bookmark: _Ref490239747]Figure 5. Virtual Split SC-STBC scheme for long PUCCH
Since only small number of RBs are allocated for long PUCCH, antenna diversity schemes are required to guarantee enough transmission diversity. 
While naïve STBC over multiple OFDM symbols can guarantee the optimal Alamouti coding and low PAPR waveform, it is limited to only even number of data symbols or require a special handling on an orphan symbol when the number of data symbols is odd. Therefore, as a simplified and unified design valid for both odd and even data symbols, it is preferable to use the virtual split STBC scheme which can apply Alamouti coding regardless of the number of data symbols.
Figure 5. shows the virtual split STBC scheme for long PUCCH. Each data symbols are virtually split into two parts and Alamouti coding is applied across two virtually split symbols. We refer [4] for the details of virtual Split SC-STBC transmitter and receiver design, and discussion of its advantages. 
Simulation Results for Virtual Split SC-STBC
In this section, we compare the link level performance of the different diversity schemes for long PUCCH with more than 2 bits payload. Together with SC-STBC, SC-SFBC, non-transparent precoder cycling and SD-CDD schemes are considered. For the details of the diversity schemes, we refer [4].
The simulation parameters are summarized in Table 2. As shown in Figure 4, there are total 10 OFDM symbols (2 DMRS and 8 data) where the frequency hopping is introduced at the middle. 
[bookmark: _Ref478045626]Table 2. Simulation parameters for long PUCCH diversity schemes
	Parameters
	Settings

	PUCCH duration
	10 symbols 

	RS/UCI MUX
	TDM
(2 RS symbol, 4 UCI symbol with Freq hopping)

	PUCCH bandwidth
	12 tones

	UCI code rate
	1/2, 1/8 TBCC

	Modulation
	QPSK

	Channel estimation
	Realistic (MMSE)

	FFT size
	2048

	CP length
	4.6uS

	Subcarrier Spacing
	15kHz

	Antenna Configuration
	2 Tx, 2 Rx 

	Channel model
	TDL-C with 30ns RMS delay

	Added delay for SCDD
	2.77uS
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[bookmark: _Ref490239887]Figure 6. TDL-C, 30ns delay spread, 2T2R, QPSK, Rate=1/8, 1 RB allocation, Freq hopping at the middle
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[bookmark: _Ref490239889]Figure 7. TDL-C, 30ns delay spread, 2T2R, QPSK, Rate=1/2, 1 RB allocation, Freq hopping at the middle

Figure 6 and Figure 7 shows the BLER for different coding rates of 1/2 and 1/8. We can observe that non-transparent diversity schemes show 1-2 dB gain to transparent ones.
Observation 1: Non-transparent diversity schemes provides 1-2 dB gain compared to transparent diversity schemes.
Therefore, we propose virtual split STBC as a diversity scheme for long PUCCH with more than 2 bits payload. 
Proposal 10: For long PUCCH with more than 2 bits payload, adopt virtual split SC-STBC for the transmission diversity scheme regardless of its duration.

Discussion on large UCI delivery
In NR, we also need to consider the delivery of large UCI payload. We expect larger UCI payload size than LTE due to a few factors. First of all, we may have multi-bits ACK and multi-bits SR. Sub-band CQI report may have more payload bits due to increased wideband bandwidth. CSI report may also need to include beam related information. When we have carrier aggregation, the UCI payload size will scale with number of carriers. In NR, it’s been agreed to support up to 16 CCs, and there may be less if wider component carriers are used. In NR, large UCI payload, e.g., more than 600 payload bits is very likely. On the other hand, current Polar code has up to N=1024 output bits, which means a single Polar code word may not be sufficient for large payload size, e.g., more than 600 bits. To deal with large UCI delivery, we may first limit the number of UCI payload by limiting the number of concurrent CCs within one CSI report at least in the first release. A reasonable number may be 5CCs for sub-6 and 10 CCs for mmWave. We therefore have the following proposal:
Proposal 11: Consider limiting the number of concurrent CCs within one CSI report to reduce the UCI payload, e.g., up to 5CCs for sub-6 and 10 CCs for mmWave respectively. 

LTE supports semi-persistent scheduling (SPS). In LTE, the PDCCH indicating release of SPS assignment is acknowledged by the UE. This allows the base station to confirm that the UE has released the assignment before assigning the SPS resources to other UEs. In NR, more generally, we can envision other such critical commands issued via PDCCH for which there is no corresponding PDSCH packet and thus no natural acknowledgment transmission. If such commands are identified, it is reasonable to consider acknowledgment for such PDCCH transmissions as well, similar to the LTE SPS-release Ack. Such Ack may follow similar rules and procedures as Acks for NR PDSCH, with regard to resource allocation. Since there is no PDSCH, the Ack timing is then related to the corresponding PDCCH timing, just as in LTE SPS-release. In LTE the SPS related PDCCH uses a different RNTI than PDSCH; note that this is not a requirement for considering whether a NR PDCCH needs acknowledgment. One example of a PDCCH that we may consider allowing acknowledgment is a PDCCH that does not schedule any packet but only indicates change of beam, since missing this PDCCH may result in beam mismatch between UE and base station. We thus have the following proposal:

Proposal 12: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.

Conclusions
In this document, we consider the resource allocation for PUCCH, and make the following proposals:
Proposal 1: resource allocation for PUCCH depends on UCI:
· Support semi-static resource allocation for 
· Periodic CQI, 
· SR, 
· ACK/NACK for semi-persistent PDSCH
· BSR for high priority UEs
· Support dynamic resource allocation at least for 
· ACK/NACK for dynamic PDSCH 

Proposal 2: Support implicit resource mapping from starting CCE of PDCCH to ACK resource for 1 or 2 bits in both long duration and short duration. 
· 
Use ARI in DCI to indicate different CORESETs or different .


Proposal 3: Consider defining at least two DCI formats with different amount of information for dynamic scheduling
· An indicator in RRC configure to indicate which format to be used for the UE. 

Proposal 4: The following information is based on implicit mapping for PUCCH with 1 or 2 bits of ACK bits
· Long or short PUCCH region
· Starting RB index
· First shift index
· Time domain OCC index for long PUCCH

Proposal 5: Resource allocation for combined UCI depends on combination of UCI. 
· For 1 or 2 bit ACK/NACK bits, use CQI resource with ACK piggy backed on CQI 
· For more payload ACK bits, consider dynamic resource allocation with following multiplexing options
· two NR-PUCCH multiplexing in TDM manner with long-PUCCH + long-PUCCH, long-PUCCH+short-PUCCH, or short-PUCCH + short-PUCCH
· two NR-PUCCH multiplexing in FDM manner in short burst with 1 OFDM symbol
· Consider including 1 bit SR with multi-bit Ack transmission when #Ackbits >X.
· FFS the value of X. FFS extension to including SR with other UCI types

Proposal 6: A cell specific short duration should be semi-statically configured. A cell specific long duration may be derived based on slot duration, semi-static PDCCH region, cell-specific short duration, and GAP
· The UE specific short PUCCH duration may be a subset of the cell specific short duration but should not go beyond it.
· The UE specific long PUCCH duration may be a subset of the cell specific long duration but should not go beyond it.

Proposal 7: Support the same starting and ending symbols for UE specific long PUCCH in different UL BWPs.
In this contribution, we also discussed virtual split STBC scheme as a transmit diversity scheme for PUCCH, and observed that the virtual split STBC can be applied to PUCCH regardless of its duration.
Observation 1: Non-transparent diversity schemes provides 1-2 dB gain compared to transparent diversity schemes.
Therefore, we propose the following for PUCCH transmit diversity scheme. 
Proposal 8: For short/long PUCCH with 1 or 2 bits payload, consider SORTD for the transmission diversity scheme.
Proposal 9: For short PUCCH with more than 2 bits payload, transmission diversity scheme is not explicitly supported in specification.
 Proposal 10: For long PUCCH with more than 2 bits payload, adopt virtual split SC-STBC for the transmission diversity scheme regardless of its duration.
In this contribution, we also discussed the delivery of large UCI and make the following proposals:
[bookmark: _GoBack]Proposal 11: Consider limiting the number of concurrent CCs within one CSI report to reduce the UCI payload, e.g., up to 5CCs for sub-6 and 10 CCs for mmWave respectively. 
Proposal 12: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
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