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1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR ‎[1] and has identified technology components that are needed to standardize the NR system ‎[2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In RAN1#NR-AH2 ‎[3], the following agreements were made:
Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details

In this contribution, we discuss the design principles of long PUCCH with up two UCI bits building on the agreements and working assumption of the last meeting. We consider the following points:
· The starting position and duration of long PUCCH of different users in the same slot.
· Location of DMRS for long PUCCH with up to two UCI bits.
· Frequency hop location for long PUCCH with up to two UCI bits
· Inter-cell randomization
2 Discussion
2.1 Long PUCCH slot structure
Long PUCCH is transmitted in UL slots and bi-direction UL-centric slots as shown in Figure 1. To maximize coverage for long PUCCH with up to two UCI bits, it is desirable to maximize its transmission duration. The transmission duration of long PUCCH with up to two UCI bits transmission starts at the beginning of the UL slot or of the UL part of the bi-direction UL centric slot (after the DL control region and the gap). The start of the UL region used for the transmission of the long PUCCH can be semi-static configured by higher layers, or can be dynamically configured by the physical layer.


[bookmark: _Ref489968484]Figure 1: Long PUCCH in UL Slot and Bi-directional UL slot with and without short region.

Proposal 1: Long PUCCH transmission with up to two UCI bits, at least for users multiplexed in the same PRBs, starts on the same symbol.
Proposal 2: The first symbol of long PUCCH with up to two UCI bits is the first symbol of the slot for UL slots and the first symbol of the UL region after the gap for bi-directional UL centric slots. The start of the UL region is semi-statically or dynamically configured in the UE.
To maximize the duration of long PUCCH, the long PUCCH transmission duration should extend to the end of the slot. However, there are reasons to terminate the long PUCCH before the end of the slot, for example:
· There is a short region at the end of the slot for transmission of short PUCCH or short PUSCH.
· Transmission of SRS at the end of the slot.

Proposal 3: Long PUCCH with up to two UCI bits extends to the last, second to last or third to last symbols of the slot. 
When multiple users are multiplexed in the same PRBs and on the same frequency hop, the duration of the long PUCCH transmission should be the same for all these users when time domain OCC is used. Having users with different durations multiplexed in the same slot with time domain OCC, breaks the orthogonality between these users. If time domain OCC is not used, it is possible to have users with different duration multiplexed on the same PRB.
Proposal 4: In case of time domain OCC, the signaling design should allow users multiplexed on the same PRBs and on the same frequency hop to have the same long PUCCH duration.
In RAN1#NR-AH1 ‎[4], it was agreed that the duration of the long PUCCH can range from 4 to 14 slots. Furthermore, in RAN1#NR-AH2 ‎[3], there was a working assumption that DMRS always occurs in every other symbols in the long PUCCH. If the first symbol of the long PUCCH carries UCI, the DMRS overhead ranges between 40% (when there are 5 long PUCCH symbols, with 2 symbols for DRMS and 3 symbols for UCI) to 50% (when there are an even number of long PUCCH symbols with half assigned to DMRS and the other half to UCI). On the other hand, if the first symbol of the long PUCCH carriers DMRS, the DMRS overhead can exceed 50%. For example, with 5 long PUCCH symbols, with 3 symbols for DMRS and 2 symbols for UCI, the DMRS overhead is 60%. Therefore, we propose having the first symbol of long PUCCH with up to two UCI bits as a UCI symbol, with every other symbol carrying DMRS.
Proposal 5: Confirm the working assumption from RAN1#NR-AH2 ‎[3], that for long PUCCH with up to two UCI bits DMRS always occurs in every other symbol in the long PUCCH. Furthermore, that the first symbol of long PUCCH with up to two UCI bits is a UCI symbol.
According to the agreements of RAN1#NR-AH2 there is at most a single hop per slot for long PUCCH. In this case frequency hopping happens between two PRBs in frequency. Higher layer signaling configures the PRBs used for frequency hopping. Users that are multiplexed on the same PRBs whether they are multiplexed in code domain in the same frequency hops, or multiplexed on complimentary frequency hops should hop at the same symbol to avoid collision. Users multiplexed on complimentary hops collide if they don’t hop on the same symbol as shown in Figure 2.


[bookmark: _Ref489969586]Figure 2: Frequency hopping of UEs on complimentary frequency hops.
Proposal 6: Users multiplexed on the same PRBs, whether multiplexed on the same hops or complimentary hops, hop on the same symbol. 
When the number of symbols in long PUCCH is between 4 and 7 higher layer signaling can enable or disable frequency hopping. When the number of symbols in long PUCCH is between 8 and 14, frequency hopping is always enabled.
Proposal 7: Higher layer signaling can enable or disable frequency hopping when the number of long PUCCH symbols is between 4 and 7 symbols.
As discussed earlier, we propose that the long PUCCH with up to two UCI bits start on the same symbol within a slot. However, it is possible that different users could end on different symbols depending on the transmission of short PUCCH/short PUCSH or SRS for each user. To simplify the design, we propose that the location of the hop is a function of the first symbol of long PUCCH and the duration of the slot according to the following equation:

Where,  is the first symbol of long PUCCH (first symbol of the first hop).  is the first symbol after the hop (first symbol of the second hop).
Proposal 8: The frequency hop position depends on the location of the first symbol of long PUCCH and the slot duration, but doesn’t depend on the duration of long PUCCH.
2.2. Long PUCCH inter-cell randomization
Efficient inter-cell randomization is an important aspect of PUCCH design. PUCCH should provide robust performance under varying interference conditions, as the payload (HARQ ACK, scheduling request, CSI) is latency critical and cannot benefit from e.g. HARQ. Correspondingly, it was agreed in RAN1#88 ‎[5] interference randomization should be enabled for long PUCCH.
LTE supports several mechanisms that are used to randomize inter-cell interference. LTE randomization mechanisms for LTE PUCCH format 1a/1b include sequence hopping, OCC remapping, and hopping of the cyclic shift of spreading sequence. Sequence hopping and hopping of sequence cyclic shift are reasonable options also for NR long PUCCH format for up to 2 bit UCI, while further progress is needed on the details of OCC design before OCC remapping can be considered.    
Proposal 9: Support at least sequence hopping and hopping of sequence cyclic shift for long PUCCH format for up to 2 bit UCI.
It may be only few of the UEs on neighbouring cells that cause significant interference to the detection of PUCCH. The drawback of the mentioned randomization mechanisms is that an UE causing significant interference keeps interfering the transmission from the same victim UE throughout the transmission. In companion contribution ‎[6], we propose for short PUCCH a cell-specific pseudo-random element to the frequency hopping, randomizing interference between cells. In principle, same mechanism can be introduced also for long PUCCH. On the other hand, random offset on the frequency hopping resources may complicate the reuse of vacant PUCCH resources by dynamically scheduled PUSCH. While the associated cost in terms of less efficient RE usage is acceptable for short PUCCH due to its short duration, the cost is larger for long PUCCH. Hence, we see that this mechanism requires further considerations for long PUCCH.
3	Conclusion
In this contribution, we discussed the design principle of long PUCCH with up to two UCI bits. The following proposals were made:
Proposal 1: Long PUCCH transmission with up to two UCI bits, at least for users multiplexed in the same PRBs, starts on the same symbol.
Proposal 2: The first symbol of long PUCCH with up to two UCI bits is the first symbol of the slot for UL slots and the first symbol of the UL region after the gap for bi-directional UL centric slots. The start of the UL region is semi-statically or dynamically configured in the UE.
Proposal 3: Long PUCCH with up to two UCI bits extends to the last, second to last or third to last symbols of the slot. 
Proposal 4: In case of time domain OCC, the signaling design should allow users multiplexed on the same PRBs and on the same frequency hop to have the same long PUCCH duration.
[bookmark: _GoBack]Proposal 5: Confirm the working assumption from RAN1#NR-AH2 ‎[3], that for long PUCCH with up to two UCI bits DMRS always occurs in every other symbol in the long PUCCH. Furthermore, that the first symbol of long PUCCH with up to two UCI bits is a UCI symbol.
Proposal 6: Users multiplexed on the same PRBs, whether multiplexed on the same hops or complimentary hops, hop on the same symbol. 
Proposal 7: Higher layer signaling can enable or disable frequency hopping when the number of long PUCCH symbols is between 4 and 7 symbols.
Proposal 8: The frequency hop position depends on the location of the first symbol of long PUCCH and the slot duration, but doesn’t depend on the duration of long PUCCH.
Proposal 9: Support at least sequence hopping and hopping of sequence cyclic shift for long PUCCH format for up to 2 bit UCI.
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