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At the RAN1 #88 Meeting, the following agreements have been made. In this contribution, our view on long PUCCH structure for UCI of 1 ~ 2 bits is presented.
	Agreements:
· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot
· FFS the set of supported values
Agreements:
· For PUCCH in long duration, 
· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)
· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed
· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.
· FFS for >2 UCI bits
· FFS the case of within a slot
Agreements:
· 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.



Discussion
 PUCCH design 
For NR, the transmission of a long PUCCH is supported. It can span over one or multiple slots and can have a length between 4 and 14 OFDM symbols. However, it is not desirable to define multiple PUCCH formats for the different durations. It is instead suggested that the long PUCCH is assembled by multiple basic units in the time domain, where each basic unit can transmit differently redundant versions of coded UCI bits. The basic units can be decoded independently. The length of long PUCCH can then be flexibly controlled by the number of basic units being used. A basic unit could have 2 fundamental structures both being 2 symbols long, one uses RS and UCI in TDM manner and the other one realizes the sequence-based approach as described for the short PUCCH in each unit. The details about the short PUCCH sequence-based method are presented in [2]. Concatenation of basic units is preferable especially for a low payload since (1) 50% of RS ratio is then feasible and (2) TDM between RS and UCI can maintain a low PAPR waveform (i.e., DFT-s-OFDM). Obviously, the length of the long PUCCH or the number of basic units shall be configurable according to the coverage requirements of each UE. For example, if the basic unit contains 2 symbols, the number of symbols supported by the long PUCCH will be {4, 6, 8, 10, 12 or14}. The short PUCCH with 2 symbols duration can then be used as the basic unit. In [3], different symbol numbers based on the base unit for long PUCCH, i.e. {2, 4, 6, 8, 10, 12, 14} symbols, are evaluated by comparison to the LTE-PUCCH format 1b. The long PUCCH for UCI of 1 ~ 2 bits using 14 symbols built up by base units can achieve quite similar BER performance as the LTE PUCCH format 1a/1b.
The base unit of the 2 symbols is shown in Figure 1 below. Two frequency hopping modes are illustrated for an uplink dominant slot (left-hand drawings) and an uplink only slot (right-hand drawings). In Figure 1a the frequency hopping is performed after every basic unit, whereas in Figure 1b, two consecutive basic units are transmitted on the same sub-carriers before the frequency hopping is applied. The scheme illustrated in Figure 1a provides more flexibility and the scheme from Figure 1b could be regarded as an aggregation of basic units. The adjacent basics unit can then further multiplex the RS for decoding.


Figure 1a - based on basic unit frequency hopping for long PUCCH


Figure 1b - based on continuous basic unit frequency hopping for long PUCCH 
Below, basic units containing two symbols for different UEs are shown for an uplink-dominant and an uplink-only slot. In Figure 2a, the basic units are placed in an alternating fashion at the low and high edge of the assigned bandwidth. In Figure 2b, the frequency hopping between successive continuous base units is shown. In Figure 2, the long PUCCH of different UEs can be multiplexed by FDM, TDM or CDM. 


Figure 2a - Examples for basic unit containing two symbols for different UEs are multiplexed by FDM or TDM, for an uplink-dominant and an uplink-only slot.


Figure 2b - Examples for basic unit containing two symbols for different UEs are multiplexed by FDM or TDM, for an uplink-dominant and an uplink-only slot.
Proposal 1: Consider to build a long PUCCH for UCI of 1~2 bits by concatenating multiple basic units. The number of symbols contained in a base unit can be further discussed.
· If a base unit is containing 1 or 2 symbol(s), short PUCCH of 1 or 2 symbol(s) can be used as the base unit.
Support flexible number of symbols for long PUCCH
In LTE, the PUCCH always occupies all the uplink symbols in the sub-frame, in order to achieve maximum coverage. It is a simple way, but it potentially means a waste of resources. For example, for a UE in a cell center, its PUCCH does not need 14 symbols to satisfy the coverage requirement, but four or fewer symbols can be sufficient.
So we think that the long PUCCH should support a flexible number of symbols. The number of symbols for the long PUCCH can be configured according to the UE's current coverage requirements. There is a trade-off between signalling overhead and flexibility. Such as configuring the length of the long PUCCH based on the base unit. Additionally, high-level signalling for each UE could be used to configure a suitable long PUCCH symbol set that corresponds to the needs of the UE Then, the physical layer signalling would indicate a specific value from the set.
In theRAN1 #88b meeting, it was agreed that the duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission. The PUSCH transmission is then characterized by the starting OFDM symbol and the duration. Therefore, uplink symbols in a slot that are not used by the long PUCCH can instead carry PUSCH transmissions. Since the demodulation RS is placed in front of the PUSCH, it is preferable that OFDM symbols that are not used by the PUCCH should be left close to the RS in order facilitate q better PUSCH decoding performance. The long PUCCH should therefore be mapped to end of the slot and would preferably occupy the last OFDM symbols.
In the slot, the long PUCCH resource allocation should follow the following principles in order to facilitate time division multiplexing between PUSCH and long PUCCH, or for convenience that PUSCH uses symbols that are not used by long PUCCH:
PUCCH of the same length is allocated using a continuous frequency domain resource. For example, in Figure 3, separate frequency domain resources are provided for long PUCCHs of different lengths so that long PUCCHs with the same length can be easily multiplexed within the frequency domain resource range. At the same time, symbols that are not used by PUCCH will be the same within a given frequency domain, so that these symbols will be easily reused as PUSCH.


Figure 3 - Flexible length for long PUCCH and resource allocation for different lengths of PUCCH
Proposal 2: Long PUCCH should support flexible number of symbols. The number of long PUCCH symbols can be configured. 
· For example, configure the number of base units.
· Semi-static signalling configures the set of number of symbols, and the physical layer signalling indicates a specific value for the long PUCCH from the above set.
· In the slot, the number of long PUCCH symbols should be determined from the end of the slot forward.
· In the slot, symbols that are not used by PUCCH should be used to transmit PUSCH.
Long PUCCH with multiple slot duration
The multi-slot configuration includes the number of slots, the location of slots, and the allocated symbols within each slot. Alternatively, a UE can also only be signalled the information about the total number of aggregated symbols. Then, other multi-slot configurations could be deduced (FFS on the exact method). In the first mode, the duration of a UE is distributed on several slots evenly. The length in each slot is the same and could be pre-configured. If a slot supports the allocated length, it can be aggregated. In the second mode, the duration of a UE is distributed in several slots unevenly. All symbols of the long PUCCH region will be spanned in each slot until the required duration is achieved.
For the format design of the basic unit, no matter how to allocate symbols among the N aggregated slots, it is should be guaranteed that at least one complete basic unit is in each of the aggregated slots. In each slot, the long PUCCH resource allocation follows the same principles. So in each slot of multi-slot transmission, it is still mapped forward from the end of the slot.



 
Figure 4 – Multi-slot scheme
In Figure 4, two multi-slot schemes are shown. For a UE with 12 symbols PUCCH, in Figure 4a, the duration is distributed evenly between two slots, each slot is allocated six symbols. In Figure 4b, the duration is unevenly distributed between two slots and all symbols for the long PUCCH region are allocated in the first slot and the remaining two symbols are allocated in the second slot. 
Proposal 3: For long PUCCH in multiple slots: 
· The multi-slot format is uniform with the single-slot design, for example, based on basic unit.
· The number of aggregated slots could be determined by the duration allocation mode. The duration could be distributed in N slots evenly or unevenly. The detailed design needs further discussion. 
[bookmark: _GoBack]Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: Consider to build a long PUCCH for UCI of 1~2 bits by concatenating multiple basic units. The number of symbols contained in a base unit can be further discussed.
· If a base unit is containing 1 or 2 symbol(s), short PUCCH of 1 or 2 symbol(s) can be used as the base unit.
Proposal 2: Long PUCCH should support flexible number of symbols. The number of long PUCCH symbols can be configured. 
· For example, configure the number of base units.
· Semi-static signalling configures the set of number of symbols, and the physical layer signalling indicates a specific value for the long PUCCH from the above set.
· In the slot, the number of long PUCCH symbols should be determined from the end of the slot forward.
· In the slot, symbols that are not used by PUCCH should be used to transmit PUSCH.
Proposal 3: For long PUCCH in multiple slots: 
· The multi-slot format is uniform with the single-slot design, for example, based on basic unit.
· The number of aggregated slots could be determined by the duration allocation mode. The duration could be distributed in N slots evenly or unevenly. The detailed design needs further discussion. 
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