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1. Introduction
At the previous RAN1 meeting, following agreements were made [1]:
	Agreements of RAN1#87:
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots
· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases
· FFS the numbers of the slots
Agreements of RAN1 NR#3:
· For long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot can be down-selected from following alternatives:
· Alt1: The duration of long PUCCH in each slot is the same
· Alt2: The duration(s) of long PUCCH in each slot could be different
Agreements of RAN1 #90b:
· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same
· FFS the case of different durations in different slots 
Agreements of RAN1 #90b:
· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration
· FFS details
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE
Agreements of RAN1 #90b:
· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot
· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot
Agreements of RAN1 #90b:
· For long PUCCH over multi-slots, for the case duration of long PUCCH in each slot is the same, the number of slots with long PUCCH transmission is configurable in a UE-specific manner
· Up to 4 possible RRC configured numbers, detailed values FFS


In this contribution, long-PUCCH over multiple slots is discussed. The PUCCH resource allocation is discussed on our companion contribution [2].
2. The duration of long PUCCH in each slot
· The number of slots
In RAN1 #90b meeting, the number of slots with long PUCCH transmission is agreed to be configurable in a UE-specific manner (by up to 4 possible RRC configured numbers). The detailed values are still FFS. The purpose of long-PUCCH over multiple slots is for the coverage extension, however, for the coverage extension, PUSCH should also use multiple slots. The detail number of slots for long-PUCCH should be decided by considering the number of slots for PUSCH over multiple slots.

Proposal 1:
· The detail number of slots for long-PUCCH should be taken into account the number of slots for PUSCH over multiple slots.

3. Inter-slot frequency hopping (FH)
For considering FH pattern for long-PUCCH over multiple slots, we need to address two issues for FH pattern.
· Time-doamin
For time-domain, there is still FFS on FH pattern as following options:
· Opt. 1) Inter slot FH is only 1 time over multiple slots
· Opt. 2) Inter slot FH is at every M slot(s), where M can be 1. 
For opt. 1, there is a possibility to improve channel estimation accuracy because multiple DMRS over multiple consecutive slots can be used for channel estimation. On the other hand, opt. 2 has a possibility to improve frequency diversity gain because more than 2 FH can be applied in opt. 2. 

· Frequency-doamin
Figure 1 illustrates some possible inter-slot FH pattern. In opt. 1, inter-slot FH is only 1 time over multiple slots. In opt. 2-1 and opt. 2-2, inter-slot FH is at every M slot(s); however, opt. 2-1 uses only 2 frequency resources. For frequency diversity gain, opt. 1 and opt. 2-1 is the same because only 2 frequency resources are used for both options; opt. 2-2 has a possibility to improve frequency diversity gain because it can use more than 2 frequency resources. For channel estimation accuracy, opt. 1 is the best because the largest number of consecutive slots is available.
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Opt. 1) hop only 1 time                    Opt. 2-1) hop at every slot               Opt. 2-2) hop at every M slot(s)
Fig. 1.	Some inter-slot FH patterns (long PUCCH over multiple slots).

· FH pattern for PUCCH / PUSCH
Although the number of slots for PUCCH and PUSCH should be considering together, FH pattern for PUCCH / PUSCH can be separate discussion because of following reasons:
· Basically, PUCCH has one or small number of PRBs and it should not be middle of BWP because that will split PUSCH transmission bandwidth; hence, opt. 2-2 would not suitable for PUCCH. 
· On the other hand, PUSCH would have the larger number of PRBs and it can be middle of BWP; there may be room for further consideration on opt. 2-2.
For FH pattern for PUCCH, opt. 1 or opt. 2-1 would be better because they can avoid PUCCH transmission on the middle of BWP. Comparing opt. 1 and opt.2-1, opt. 1 would be better for PUCCH because it has room to improve channel estimation accuracy.
Proposal 2:
· Only 1 hop over all transmission slots is supported for long-PUCCH over multiple slots 
· FFS: for PUSCH 

· Resource allocation for FH
For frequency resource allocation for long PUCCH over multiple slots, we believe that the frequency resources for 2nd or later slots should be configurable and should not be derived only from the UL BWP bandwidth. However, the current agreement of PUCCH resource set does not include the frequency resources for 2nd or later slot for inter-slot FH.
In RAN1 #90b meeting, it was agreed that the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE. Hence, for long PUCCH over multiple slots, the intra-slot frequency resource of 2nd hop, which is configured by PUCCH resource set, can also use for the inter-slot frequency resources for 2nd or later slots.
	Agreements of RAN #90b:
· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration
· FFS details
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE



Figure 2 illustrates some possible inter-slot hopping patterns for long PUCCH over multiple slots. For the configurable inter-slot frequency resources of 2nd or later slots, PRB index offset for inter-lost FH should be configured to a UE as illustrated in figure 2. The PRB index offset for inter-lost FH can be derived from the frequency resource for intra-slot FH (the frequency resource of the 2nd hop) which is configured by PUCCH resource set.

Proposal 3:
· For long PUCCH over multiple slots, the frequency resources of 2nd or later slots should be configurable and is NOT derived only from the UL BWP bandwidth
· The frequency resources of the 2nd or later slots are derived by the frequency resource for intra-slot FH (the frequency resource of the 2nd hop) which is configured by PUCCH resource set.
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Opt. 1) hop only 1 time                    Opt. 2-1) hop at every slot               Opt. 2-2) hop at every M slot(s)
Fig. 2.	Some inter -slot FH patterns (long PUCCH over multiple slots).

4. Conclusion
In this contribution, we discussed the long-PUCCH over multiple slots and following proposals were made:
Proposal 1:
· The detail number of slots for long-PUCCH should be taken into account the number of slots for PUSCH over multiple slots.
Proposal 2:
· Only 1 hop over all transmission slots is supported for long-PUCCH over multiple slots 
· FFS: for PUSCH 
Proposal 3:
· For long PUCCH over multiple slots, the frequency resources of 2nd or later slots should be configurable and is NOT derived only from the UL BWP bandwidth
· The frequency resources of the 2nd or later slots are derived by the frequency resource for intra-slot FH (the frequency resource of the 2nd hop) which is configured by PUCCH resource set.
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