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At the RAN1 #88 Meeting, the following agreements have been made [1];
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
In this contribution we discuss design criteria for the PUCCH in long duration, especially the NR long PUCCH structure.
Discussion
Number of long formats 
It has been agreed that the payload size for the long PUCCH can vary from 1 to a couple of hundreds bits. 
Already for LTE many different PUCCH formats are defined. The increased flexibility of NR, such as different slots durations, introduction of mini-slots, the presence/absence of certain regions in different slot formats, etc. could lead to a further diversification of the options. If not carefully designed, an explosion of NR-PUCCH formats could be expected.    
We propose therefore to design the PUCCH formats agnostic to the transmission length. One format shall be able to support multiple transmission lengths. This would keep the needed formats to a minimum. In our view, this is best addressed with two different long PUCCH formats.
Proposal 1: 
RAN1 shall strive for a small number of long PUCCH formats, for example two, one for small and the other for medium and large payload. 
Design of long formats 
Number of symbols for long PUCCH
In the 88th meeting, the number of long PUCCH symbols was discussed. It was agreed that it may have a variable number of symbols with a minimum of 4 in a given slot. The set of supported values was still FFS.
NR defines slot length of 7 and 14 symbols. Uplink-only and uplink-dominant slots are supported for long PUCCH in NR. For an uplink-only slot, all 14/7 symbols are allocated for uplink transmission. For the uplink-dominant slot, downlink control may occupy 1 or 2 symbols and the guard period takes at least 1 symbol. This means that the number of symbols left for uplink transmission is 4 (in case of a 7 symbol slot) and 11 (in case of a 14 symbol slot). Thus, the duration of the long PUCCH in an uplink dominant slot may vary between 4 and 11 symbols. To support two kinds of slot durations and different slot types, the number of symbols for the long PUCCH should be scalable. In order to achieve this flexibility in an efficient way, RAN1 should strive for a unified and modular design that has small impact on the specification and implementation complexity. 
If the long PUCCH shall support any number of symbols between 4 and 14 requires still further study. 
Design for long PUCCH for payload of 1~2bits in a slot
At the 88th meeting, it was agreed that a long PUCCH with 1 ~ 2 UCI bits could be repeated within N slots. The detailed design is still FFS. Here, we provide our view on more specific design aspects.
A long PUCCH is assembled by multiple repeated units in the time domain, where each unit can be decoded independently. The number of long PUCCH symbols being used can then be increased or decreased by the number of repeatedly applied units.
Obviously, the number of long PUCCH symbols or the number of repeated units shall be configurable according to the coverage requirements of each UE. Thus, in a slot, uplink symbols that are not used by the long PUCCH can instead carry PUSCH transmissions. Preferably, they could be allocated close to the RS in order facilitate better PUSCH decoding performance. 
The size of the basic unit that than will be repeated directly affects the number (and granularity) of the usable symbols for the long PUCCH. For example, if the basic unit contains 10 symbols, the number of symbols of the long PUCCH is increased or decreased by 10 symbols with each repetition. The size of the basic unit is an important feature and needs to be studied further.
To facilitate a simple specification and modular design, one basic unit is not allowed to span across borders. This restriction enables also an independent decoding of the repeated basic unit. 
Frequency hopping between repeated basic units within a slot shall also be supported, the specific patterns are for further study. In Figure 1, a repeatedly allocated basic unit containing two symbols is shown for an uplink-dominant and an uplink-only slot. The basic units are placed in an alternating fashion at the low and high edge of the assigned bandwidth. The long PUCCH of different UEs can be multiplexed by FDM, TDM or CDM..

 
Figure 1 - Examples for long PUCCH based on repeated basic units containing two symbols are shown. In the left-hand drawing for an uplink dominant slot and in the right-hand drawing for an uplink only slot. 

Design for long PUCCH for medium to large payload sizes in a slot
Similar to the low payload, also for UCI with medium to large payload sizes, it should be supported that the long PUCCH can be repeated within N slots. Therefore, also for larger payloads, the long PUCCH should be based on repeated basic units.
A PUCCH with larger payload could lead to longer basic units. This implies a coarse time-domain granularity of the long PUCCH. Here, one must be careful when using the same design for small and large payloads, since longer basic units may result in a waste of resources when being applied for low payloads. 
The long PUCCH design based on repeated basic units can achieve a more reasonable granularity of resource allocation, thereby reducing waste of resources. With respect to the PUCCH of LTE, the long PUCCH based on the repeated unit will allow the UE to decode prematurely before all the PUCCH symbols are received.

Proposal 2: 
Ran1 should strive to support flexible variable symbols for long PUCCH.
A basic unit should be introduced for the long PUCCH. The long PUCCH based on the repetition of the basic unit should be supported.
The size of the basic unit in the time domain can be further discussed for the small payload and the large payload of the long PUCCH.
Long PUCCH with Simultaneous PUSCH transmission
In [2] it is shown that simultaneous transmission of PUSCH and PUCCH can lead to severe inter-modulation products if they occupy widely separated frequency resources. The PUSCH is typically dynamically scheduled according to the channel measurement results. How the PUCCH resources are determined is not yet decided but one could expect them to be allocated close to both UE bandwidth edges in order to obtain frequency diversity. Gaps between PUSCH and PUCCH resources are therefore likely to occur which will cause a high PAPR. To mitigate this, for simultaneous transmission of PUSCH and PUCCH, it is suggested that the UE’s PUCCH PRB are either allocated adjacent to the PUSCH PRB or within the PUSCH PRB of the UE. This is illustrated in Figure 2 below:
The PUCCH PRBs are assigned continuously according to the payload size from the beginning PRB. The beginning PRB itself can be defined as the minimum or maximum PRB of the allocated PUSCH PRB resources. 
The long PUCCH structure designed in such a way allows for some frequency diversity of the PUCCH but also enables the use of any waveform for the PUSCH (DFT-S-OFDM or CP-OFDM).



Figure 2 - Example of PUCCH resource allocation
In Figure 2a, the PUCCH PRB is out of the range of its own PUSCH. If the PUSCH PRB of UE2 is adjacent to the PUSCH PRB of UE1, then it is likely that the PUCCH of UE1 will be frequency-multiplexed with the PUSCH of UE2 within the partial PRB of UE2’s PUSCH. Thus, when the UE2 receives the PUSCH, an additional signalling indication is required to indicate which subcarriers are used to carry UE1’s PUCCH. It will also introduce a certain complexity for UE2 to receive the PUSCH.
In order to overcome the above mentioned drawbacks of the method shown in Figure 2a, we prefer the allocation shown in Figure 2b. It is also simpler. In Figure 2b, the PUCCH PRB of UE1 is contained within its own PUSCH PRB and does not allow the PUCCH of UE2 to be frequency-multiplexed within the PUSCH PRB of UE1. Thus, UE1 knows which subcarriers are to be used for its own PUCCH within its PUSCH PRBs. 
Obviously, the long PUCCH PRB(s) are contained within its own PUSCH PRBs, which is also easy to implement, e.g. by allocating more resources for PUSCH due to the presence of PUCCH.
Proposal 3:
If the long PUCCH and PUSCH are transmitted simultaneously from the same UE, the long PUCCH PRB(s) is(are) contained in the own PUSCH PRB. 
The beginning PRB of the UE’s PUCCH can be defined as the minimum or maximum PRB within its own PUSCH PRBs.
[bookmark: _GoBack]Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: 
RAN1 shall strive for a small number of long PUCCH formats, for example two, one for small and the other for medium and large payload. 
Proposal 2: 
Ran1 should strive to support flexible variable symbols for long PUCCH.
A basic unit should be introduced for the long PUCCH. The long PUCCH based on the repetition of the basic unit should be supported.
The size of the basic unit in the time domain can be further discussed for the small payload and the large payload of the long PUCCH.
Proposal 3:
If the long PUCCH and PUSCH are transmitted simultaneously from the same UE, the long PUCCH PRB(s) is(are) contained in the own PUSCH PRB. 
The beginning PRB of the UE’s PUCCH can be defined as the minimum or maximum PRB within its own PUSCH PRBs.
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