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1.	Introduction
In RAN plenary #75, WID on new radio (NR) has been approved [1]. The NR work item targets to specify the NR functionalities for both enhanced mobile broadband (eMBB) as well as for ultra-reliable low-latency-communication (URLLC) as defined in TR38.913 [2]. Frequency ranges up to 52.6 GHz are considered under the NR work item.
Long PUCCH design has been discussed in several RAN1 meetings. In RAN1#89, following agreements were made on long PUCCH [3]:
Agreements:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:
· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)
· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying
· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop
Agreements:
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity
· One PUCCH format for UCI with large payload with no multiplexing capacity
· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity
· Note: this could be a variation of one of the former PUCCH formats.
In this contribution, we provide our views related to the design of long PUCCH formats for UCI payloads more than 2 bits as well as on long PUCCH frequency hopping. Our views on the long PUCCH format design for small UCI payloads are presented in [4]. 
2.	On long PUCCH formats
In RAN1#89, two long PUCCH formats were agreed: one format for carrying 1 or 2 bits and second format for large payload. It was left FFS if there is need to introduce a third format for moderate payload with some multiplexing capacity. In this section, we focus to the third long PUCCH format. 
When considering long PUCCH format of e.g. 14 symbols, one can expect that the PUCCH format for large payload can support UCI payload of several tens of bits with single PRB allocation while the PUCCH format for small payloads supports 2 bits. In such cases, the payload difference between the agreed long PUCCH formats is excessive and there is clear need for a third long PUCCH format with moderate payload and reasonable multiplexing capacity. The need is apparent especially with longer PUCCH durations, e.g., above 7 symbols, where the payload difference between the agreed long PUCCH formats becomes large.
Observation 1: There are cases where the payload difference between the agreed long PUCCH formats is very large.
Proposal 1: A long PUCCH format for UCI with moderate payload and reasonable multiplexing capacity is specified.
Based on the LTE PUCCH design, the main multiplexing options available for large UCI payloads are:
a) LTE PUCCH format 2, that is, CDM based on CAZAC sequences. The main benefit of this approach is that it is very flexible e.g. in terms of available symbols. It maintains constant multiplexing capacity but at price of payload varying according to the duration of long PUCCH. 
b) LTE PUCCH Format 3, that is, CDM based on inter-symbol orthogonal cover code in time. The main benefit of this approach is that it provides increased payload compared to PUCCH Format 2/2a/2b while maintains reasonably high multiplexing capacity. 
c) LTE PUCCH Format 5, that is, CDM based on orthogonal cover code within DFT-S-OFDM symbol. This approach provides increased UCI payload e.g. compared to CDM based on CAZAC sequences but at price of reduced multiplexing capacity. Further, it has sensitivity towards multi-path propagation as orthogonal cover code orthogonality is reduced by multi-path propagation with absence of CPs between the spread symbols.  
d) Frequency domain multiplexing within PRB. Similarly to PUCCH format 5, this approach provides increased UCI payload e.g. compared to CDM based on CAZAC sequences but at price of reduced multiplexing capacity. This multiplexing option was considered for LTE when PUCCH formats supporting large UCI payloads were designed for Rel-13 carrier aggregation enhancement.  
When considering preferred multiplexing option for PUCCH format supporting UCI with moderate payload, it should be noted that the RAN1#89 agreements on PUCCH formats imply that:
· Time domain OCC will be specified with necessary resource allocation mechanisms. Moderate payload PUCCH format based on LTE PUCCH Format 3 can utilize at least partially those mechanisms, hence, reducing the related specification effort. 
· The payload of PUCCH format for small UCI is limited to 1-2 bits even with 14-symbol PUCCH. To reach reasonable design, the PUCCH format for moderate payload should support payloads that are roughly order of magnitude larger than the payload of PUCCH format for small UCI for e.g. 14-symbol long PUCCH duration, while keeping reasonable separation to the payloads supported by the PUCCH format for large UCI. In other words, reasonable payload range may be 10-20 bits while maximizing multiplexing capacity. 
Taking RAN1#89 agreements into account, PUCCH format based on LTE PUCCH Format 3 design is efficient for the targeted payload range while maximizing multiplexing capacity for PUCCH durations above 7 symbols. Reaching comparable multiplexing capacity with PUCCH Format 5 can be challenging due to increase in sensitivity for multipath propagation. 
Proposal 2: A long PUCCH format for UCI with moderate payload is based on LTE PUCCH Format 3 design.
Another aspect to consider is the suitable DMRS overhead for the long PUCCH format – how many symbols are allocated for DMRS. However, as long as the number of supported long PUCCH formats remain open, the payload ranges for which DMRS overhead should be optimized cannot be determined.
Observation 2: The number of long PUCCH formats should be finalized before determining DMRS overhead for long PUCCH format with large UCI payload.
3.	Long PUCCH frequency hopping 
According to agreements made during NR SI [5], intra-slot frequency-hopping is supported for long PUCCH. Figure 1 shows two examples for the long PUCCH multiplexing within a slot. In both examples PUCCH transmission is arranged with frequency hopping between two PRBs in the frequency. Hopping between two PRBs provides reasonable trade-off between frequency diversity and DMRS overhead. Correspondingly, it was agreed in RAN1#88 [6] that frequency diversity gain for long PUCCH should be same/similar to LTE PUCCH. 
It makes sense to restrict the long PUCCH transmissions into two sub-bands in the frequency, similarly as in LTE. The motivation for such dual sub-band -based operation is that it avoids excessive UL resource fragmentation. This simplifies PUSCH scheduling, forward compatibility, and support for frequency-domain ICIC. The two sub-bands or frequency domain clusters for long PUCCH can be configured via higher layer signaling. Sub-band configuration need to take into account the minimum Tx BW of (eMBB/URLLC) UEs in the system so that all UEs can follow the same long PUCCH sub-band configuration.  
Two flavors of the frequency hopping are shown in Figure 1: 
a) “half-slot” -based hopping 
b) OFDM symbol –based hopping.
[bookmark: _GoBack]The benefit of OFDM symbol based hopping is that it can provide frequency diversity already for two consecutive OFDM symbols. This can be an advantage for forward compatibility. For example, frequency hopping 2-symbol short PUCCH is an attractive design option for the HARQ-ACK corresponding to mini-slots (e.g. carrying URLLC traffic). With OFDM symbol -based hopping, such short PUCCH can readily be multiplexed with long PUCCH on the same PRBs as shown in Figure 2b, and hence preventing PUCCH resource fragmentation into separate long PUCCH and mini-slot PUCCH clusters (Figure 2a). Symbol based hopping allows for more efficient multiplexing of long PUCCHs of different lengths, as shown in Figure 3 for 7-symbol and 4-symbol long PUCCH. 
OFDM symbol-based hopping also provides a unified structure for different lengths (e.g. a full slot and a “almost” full slot) in the sense that the signal of long PUCCH with a shorter duration can be truncated from the signal of long PUCCH with a longer duration. This may ease the implementation when supporting different lengths.
The half-slot-based hopping, on the other hand, can potentially provide better channel estimation with the same DMRS overhead especially with larger Doppler values. 
Proposal 3: Two frequency domain clusters for long PUCCH are configured via higher layer signalling.
Proposal 4: Symbol based frequency hopping is used for long PUCCH.
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Figure 1. Long PUCCH structure with a) “half”-slot –based and b) symbol based frequency hopping
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Figure 2. Multiplexing of URLLC short PUCCH and long PUCCH with a) “half”-slot –based and b) symbol based frequency hopping.
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Figure 3. Multiplexing of long PUCCHs of different length (7-symbol and 4-symbol PUCCH) with a) “half”-slot –based and b) symbol based frequency hopping.
4.	Conclusions 
In this contribution, we have considered the design of long PUCCH formats for UCI payloads more than 2 bits as well as on long PUCCH frequency hopping. Based on the discussion, we make the following proposals and observations:
Proposal 1: A long PUCCH format for UCI with moderate payload and reasonable multiplexing capacity is specified.
Proposal 2: A long PUCCH format for UCI with moderate payload is based on LTE PUCCH Format 3 design.
Proposal 3: Two frequency domain clusters for long PUCCH are configured via higher layer signalling.
Proposal 4: Symbol based frequency hopping is used for long PUCCH.
Observation 1: There are cases where the payload difference between the agreed long PUCCH formats is very large.
Observation 2: The number of long PUCCH formats should be finalized before determining DMRS overhead for long PUCCH format with large UCI payload.
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