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In RAN1#88b[1], the followings have been agreed for long PUCCH duration:
· 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)

· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 
· Some examples as a starting point:
· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH
· FFS: Time domain OCC is applied over allocated multiple symbols.
· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH
· FFS on applicability of (virtual) frequency domain OCC
· FFS for the value of X
· FFS for medium UCI payload with less than X bits
· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH
· 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.

· 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 this contribution, further thoughts on the channel multiplexing and configuration for the long PUCCH format is discussed. 
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2. [bookmark: _Ref465963195][bookmark: _Ref466040522]Discussion on long PUCCH configuration

 Two NR-PUCCHs as long-PUCCH + long-PUCCH from the one UE in the same slot in TDM manner may be useful when the two UCI have different performance target, for example one with CQI and one with ACK. The two UCI may then be independently encoded and transmitted in TDM fashion. Different performance target may be achieved by adjusting the durations of each long-PUCCH. We therefore make the following proposal:
Proposal 1: Support transmission of two different UCI from the same UE in the same slot with different performance target, e.g., ACK + CQI, with long-PUCCH + long PUCCH multiplexing in TDM manner 

[bookmark: _GoBack]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 region even though the actual PDCCH symbols is less. The semi-statically configured starting position of PUCCH will greatly simplify things for both gNB and UE although the price paid is the PUCCH RBs in unused PDCCH region could be wasted. But consider the pros and cons, semi-static configured PUCCH starting position may still be preferred. 
Long PUCCH duration is also affected by UL short burst (ULSB). It has been agreed that ULSB may have 1 or 2 normal symbol duration. 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. 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. We therefore propose the use of a semi-static configuration of PUCCH long duration as illustrated in Fig. 1. 
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Figure. 1 semi-static configuration of PUCCH in long duration

Proposal 2: Support semi-static configuration of PUCCH long duration. Do not extend to unused PDCCH or ULSB region dynamically.
Furthermore, there might be multiple DL/UL sub-bands. Each sub-band may have different PDCCH region. So even with semi-static configured starting position of long PUCCH, different UL sub-bands may have different starting position. When a UE needs to transmit PUCCH in different UL sub-bands simultaneously similar to dual PUCCH in LTE, the PUCCH in different UL sub-bands may start at different symbols. This will create problem for power control and maintaining phase continuity when the latter PUCCH starts. To avoid this problem, we should consider the same starting symbols for PUCCH in long duration for different UL sub-bands. We therefore have the following proposal:
Proposal 3: Support the same starting symbols for long PUCCH in different UL sub-bands.
The exact PDCCH and ULSB regions per cell is up to gNB configuration. We need to design PUCCH channels for different duration even with semi-static configuration. Since PUCCH has a wide range of payload size from 1 bit to at least hundreds of bits, we need to design at least a few PUCCH formats for different payload range. A possible split maybe small payload channel structure for 1 or 2 bits, medium payload channel structure for 3-x bits (e..g, x= 22), and large payload channel structure for more than x bits. For each payload range, we will need to design for variable durations. To maximize the commonality of designs for variable durations, we may consider to have the same DMRS symbol positions and frequency hopping position. Multiple PUCCH formats may be defined with the maximum duration. The format may depend on payload size as well as possibly the Doppler mode or other transmission parameters. Once the format is determined, the long-PUCCH structure will just be a portion of the slot structure of the selected format depending on the starting and ending symbol of the allocated long PUCCH duration.  Figure 2 illustrates a PUCCH structure with flexible durations. 
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Figure 2 common DMRS and hopping position for different PUCCH long duration

The following figures give examples of three PUCCH formats with different payload range. For very small payload, e.g, 1 or 2 bits, the optimal DMRS ratio is 50%. Therefore, we will have a DMRS and data symbols alternating pattern. To increase user efficiency, we may have cyclic shifts based multiplexing within one OFDM symbol. Multi-symbol OCC may also be supported. In order to allow OCC with different duration, the spreading factor and corresponding orthogonal cover set can be implicitly derived based on the corresponding long-PUCCH duration portion. For example when the long-PUCCH duration is composed of symbol 2,3,4,5,6 counting from 0 as shown in Figure 3, we may have spreading factor 2 and 3 for DMRS and data symbols respectively. Alternatively, to simplify things, we may also have OCC enabled only for certain PUCCH duration .e.g., when long-PUCCH duration is multiple of half slots. 
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Figure 3 PUCCH format 1 for 1 or 2 bits.
Figure 4 give an example for mid-range payload, i.e., between 3 and x bits (e.g., x = 22),  we may have 2 DMRS per half slot. We may have either cyclic shifts based multiplxing similar to LTE PUCCH format 2 or pre-DFT OCC similar to LTE PUCCH format 4 for per symbol multiplexing. Multi-symbol OCC may be disabled for this format. The last DMRS position may be advanced to symbol 10 for symmetric half slot design.
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Figure 4 PUCCH format 2 for between 3 and x bits.
Figure 5 give an example for large payload, i.e., >  x bits (e.g., x = 22),  we may have 1 DMRS per half slot. We may have pre-DFT OCC similar to LTE PUCCH format 4 for per symbol multiplexing with a configurable spreading factor. A spreading factor 1 means no per symbol multiplexing is enabled. Multi-symbol OCC may be disabled for this format. When an allocated PUCCH portion doesn’t contain at least DMRS symbols (e.g. a PUCCH duration with symbols 6-9), the UE may fall back to a lower format, e.g., format 2.
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Figure 5 PUCCH format 3 for > x bits.

As we can see this common design of MDRS and hopping positions can simplify design and implementation with limited number of PUCCH formats. We therefore make the following proposal:
Proposal 4: Consider the common DMRS and hopping position design with limited number of long-PUCCH formats scalable to different long duration.

3. [bookmark: _Ref471731770][bookmark: _Ref462669569]Channel Multiplexing for simultaneous PUCCH and PUSCH


[bookmark: _Ref466042856]Figure 6: Option 1 for FDM for Simultaneous long burst PUCCH and PUSCH transmission from the same UE.
Figure 1 illustrates the proposed multiplexing scheme when simultaneous PUCCH and PUSCH are transmitted, and PUCCH is transmitted in adjacent RBs side by side with PUSCH. 
Specifically, the following is preferred for simultaneous PUCCH and PUSCH in the long burst.
Proposal 5: For simultaneous PUCCH and PUSCH on the long PUCCH burst:
· PUCCH is in contiguous RB as PUSCH to reduce MPR.
· PUCCH is on both edges of PUSCH to create more frequency diversity for PUCCH.
· PUCCH has unified design and waveform (based on low PAPR design) regardless of PUSCH waveform selection to simplify design/specification/implementation efforts.

In the rest of the section, we provide some analysis to support the above proposals
3.1 [bookmark: _Ref471463769]Contiguous PUCCH and PUSCH for Low MPR


[bookmark: _Ref471461294][bookmark: _Ref471461288]Figure 7 Adjacent PUCCH and PUSCH



[bookmark: _Ref471461295]Figure 8 Non-Adjacent PUCCH and PUSCH
It is well known [4] that multi-cluster waveform can lead to higher inter-mod (e.g. IM3, IM5, etc.), leading to reduced transmission power in order to meet the emission requirements, such as spectral emission mask. Compared with a non-adjacent allocation for PUCCH and PUSCH, contiguous allocation has lower maximal power reduction (MPR). In [4], the intermodulation distortion for adjacent and non-adjacent allocation of the RBs was studied as shown in Figure 3 and Figure 4. In summary:
· For 10Mhz bandwidth, there is 2.5 dB MPR gain for adjacent allocation over non-adjacent allocation.
· For 20Mhz bandwidth, there is 4 dB MPR gain for adjacent allocation over non-adjacent allocation.

Observation 1: Compared to non-adjacent PUCCH and PUSCH allocation, the proposed adjacent FDM of PUCCH and PUSCH has 2.5~4dB MPR gain.
3.2 [bookmark: _Ref471463772]Low PAPR
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[bookmark: _Ref471463206]Figure 9 PAPR of OFDM and multi-cluster DFT-s-OFDM waveforms
It is known that DFT-S-OFDM waveforms has ~2dB link budget advantage over CP-OFDM waveforms. That’s why LTE has UCI on PUSCH when both UCI and uplink data need to be transmitted. It is agreed that NR will support both CP-OFDM and DFT-S-OFDM waveforms in uplink, configured by the network. From design simplicity perspective, it is desirable that UE can have a unified PUCCH design and channelization regardless of the selected PUSCH waveforms. This also simplifies eNB detection complexity since PUCCH and PUSCH are independently transmitted. On the other hand, strictly speaking, FDM’ing PUCCH and PUSCH loses the single carrier property, even if both channels use single carrier waveform, respectively. So the question is: how much do we lose in PAPR?
Figure 5 shows the PAPR of such multi-cluster DFT-s-OFDM waveforms as shown in Figure 1, where both PUCCH and PUSCH are using DFT-S-OFDM waveforms separately (i.e. they go through separate DFT precoding). It can be noticed that the corresponding 3-cluster DFT-s-OFDM waveform has a slightly higher (<1dB) PAPR than a single cluster DFT-s-OFDM, but still much better PAPR than OFDM waveform.
Observation 2: The PAPR of the simultaneous PUCCH and PUSCH is much better than with CP-OFDM waveform, if both PUCCH and PUSCH use single-carrier waveform.

4. Conclusions
In NR, PUCCH long duration may have varying number of symbols. The starting position may change according to PDCCH region and the ending position may also change when extension to ULSB region is allowed. However, a UE is not mandatory to decode PCIFICH so different UEs may have different interpretation of PUCCH starting position if dynamic configuration is allowed. This will make scheduling quite complicated when CDM in time domain is involved. To facility gNB decoding and scheduling, a UE also needs to send feedback to gNB about its PCIFICH decoding capability. To avoid the complication, a semi-static configuration of the PUCCH starting position may be preferred.  For ULSB, a dynamic extension of long PUCCH to ULSB will also require UE to decode PDCCH. This is undesirable for semi-static allocation or implicit mapping of PUCCH. Furthermore, for multiple UL sub-bands when each have different starting position, there may be power control issue when UE needs to support dual PUCCH on different sub-bands similar to LTE. So it’s preferred to have the same PUCCH starting position for different UL sub-band. It’s also desirable to have common DMRS and hopping positions for the same payload range with different duration for easier implementation and inter-cell interference management. We therefore propose:
Proposal 1: Support transmission of two different UCI from the same UE in the same slot with different performance target, e.g., ACK + CQI, with long-PUCCH + long PUCCH multiplexing in TDM manner 
Proposal 2: Support semi-static configuration of PUCCH long duration. Do not extend to unused PDCCH or ULSB region dynamically.
Proposal 3: Support the same starting symbols for long PUCCH in different UL sub-bands.
Proposal 4: Consider the common DMRS and hopping position design with limited number of long-PUCCH formats scalable to different long duration.
We observe the following observation on the “simultaneous PUCCH and PUSCH” for long PUCCH mode:
Observation 1: Compared to non-adjacent PUCCH and PUSCH allocation, the proposed adjacent FDM of PUCCH and PUSCH has 2.5~4dB MPR gain.
Observation 2: The PAPR of the simultaneous PUCCH and PUSCH is much better than with CP-OFDM waveform, if both PUCCH and PUSCH use single-carrier waveform.
Therefore, we have the following proposal:
Proposal 5: For simultaneous PUCCH and PUSCH on the long PUCCH burst:
· PUCCH is in contiguous RB as PUSCH to reduce MPR.
· PUCCH is on both edges of PUSCH to create more frequency diversity for PUCCH.
· PUCCH has a unified design and waveform (based on low PAPR design) regardless of PUSCH waveform selection to simplify design/specification/implementation efforts.
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