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In RAN1#89[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 configuration for the long PUCCH format is discussed. 
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 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. Further, for millimeter-wave bands, in order to achieve robustness to beam blockage, it is desirable to support multi-beam operation for PUCCH, as detailed in [5]. In such a scenario, it is also desirable to allow the same UCI to be transmitted on both the TDMed long-PUCCHs, but in different beam directions. 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 and CQI, with long-PUCCH + long PUCCH multiplexing in TDM manner
· For millimeter-wave bands, the two TDMed long-PUCCH may also use different beam directions, and may also carry the same UCI on different beams. 

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. 
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 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.
[bookmark: _GoBack]To maximize the commonality of DMRS design between different UCI payload size, and also due to the reason that DMRS density should be smaller for larger payload size, we propose DMRS indices for long PUCCH with more than 2 bits UCI is a subset of DMRS symbol indices defined for long PUCCH with up to 2 bits UCI shown in [6].
Proposal 4: DMRS symbol indices for long PUCCH with more than 2 bits UCI is a subset of DMRS symbol indices defined for long PUCCH with up to 2 bits UCI.
It should be also mentioned that if the frequency hopping happens too often (ex. for every 1 or 2 symbols), it will degrade the performances because of the following two reasons. First, the transition time of each frequency hopping can cause distortion and inter-symbol interference in transmitted waveforms. Second, due to the phase discontinuity caused by frequency hopping, the channel has to be re-estimated whenever frequency is hopped. Therefore, DMRS overhead will be significantly increased. Therefore, the total number of frequency hopping should be limited to be less than x (e.g. x=2).
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Figure 6 Pre-DFT-precoding CDM with DFT-s-OFDM
It is desirable to multiple UEs within a single PUCCH resource by CDM and also keeping the low PAPR property of DFT-s-OFDM waveforms. Therefore, LTE PUCCH format 5 should be considered as a multi-user multiplexing scheme for PUCCH. Figure 6 shows the LTE PUCCH format 5. Before the DFT-precoding, the modulated symbols are first spread by OCC. It should be also considered to increase spreading factor of 2 in LTE to 4 to multiplex more number of UEs within the same PUCCH resource.
Proposal 5: LTE PUCCH format 5 should be considered as multi-use multiplexing scheme with spreading factor up to 4.
3. 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. 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 and CQI, with long-PUCCH + long PUCCH multiplexing in TDM manner
· For millimeter-wave bands, the two TDMed long-PUCCH may also use different beam directions, and may also carry the same UCI on different beams. 
 
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: DMRS symbol indices for long PUCCH with more than 2 bits UCI is a subset of DMRS symbol indices defined for long PUCCH with up to 2 bits UCI.
Proposal 5: LTE PUCCH format 5 should be considered as multi-use multiplexing scheme with spreading factor up to 4.
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