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1 Introduction
In RAN1 #90bis meeting [1], the based sequence hopping was agreed to use in short PUCCH with up to 2UCI bits, and the cyclic shift hopping was FFS as one leftover. 
Agreements:

· For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots

· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.

· Hopping pattern is at least based on a configurable ID

· FFS on details of the hopping pattern

· The ID has a bitwidth of [10] bits

· FFS on cyclic shift hopping

· No RRC signaling impact

In this contribution, we discuss the remaining design aspects of the short PUCCH format with 1 or 2 UCI bits.
2 Discussion 
Cyclic shift hopping for 2-symbol PUCCH with up to 2bits UCI
The symbol level interference randomization within a slot could be done by CS hopping for 14 symbols PUCCH in LTE. However, for NR PUCCH format 0, some different features should be considered. Short PUCCH only occupies 1 or 2 symbols, and it chooses one CS value from a CS set for transmission according to PUCCH resource allocation. 

The scheme as LTE is not a desirable way for PUCCH format 0, since the pseudo-random sequence based method cannot control the CS set used in second symbol different from the CS set of the first symbol. Besides, short PUCCH only occupies 1 or 2 symbol, for 1 symbol case, it is not necessary to do randomization and the used CS set can be determined by configuration of index of initial CS. For 2 symbol case, it just needs to ensure the used CS of second symbol is different with the first symbol, in other words, it chooses one of the remaining CS set for transmission. A simple solution is to configure or pre-define a CS offset, i.e., 1 or 2, used for second symbol. If the index of initial CS for the first symbol is 
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Proposal 1: The cyclic shift hopping of short PUCCH with up to 2bits could be supported by introducing one cyclic shift offset.

The frequency hopping resource allocation for PUCCH

When frequency hopping is enabled and multiple UEs are scheduled for PUCCH in the same symbols, these UEs may be configured with different UL BWPs. Thus an issue may occur that some UEs cannot be multiplexed in the same PUCCH resource. As shown in Figure 1, the UE on BW1 and the UE on BW2 are only multiplexed in the same PUCCH resource of the high frequency part due to the different frequency hopping band, which causes asymmetric multiplexing capacity and reduces the resource efficiency.
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Figure 1: Multiplexing of UEs configured with different BWP sizes 
Some possible solutions are as follows:
· Option 1: frequency hopping is restricted to a smaller band for larger bandwidth UE.
The PUCCH frequency hopping band of UEs on larger BW is restricted to frequency hopping band in a smaller BW which could be the smallest BW within the larger BW, or doesn’t contain other smaller BWs. An example is shown in Figure 2(a) where a UE operating in the wide bandwidth part (BW1) is configured for frequency hopping in BW2 so that the UE on BW1 and UE on BW2 can be multiplexed in the same PUCCH resource. This option may impact the diversity performance for UE on larger BW1 when there is a big difference between BW1 and BW2.
· Option 2: frequency hopping restriction for smaller bandwidth UE
The PUCCH frequency hopping bandwidth within the band (or we can call it the starting point of PUCCH resource for frequency hopping within the band) of UEs on smaller BW is restricted to reserve sufficient PUCCH resource for UEs on larger BW. An example is shown in Figure 2(b), where the UE on BW2 and the UE on BW3 are configured with restricted frequency hopping bandwidths to reserve some PUCCH resource for UE on BW1. This method avoids the PUCCH multiplexing of UEs with different BW capability. 
· Option 3: frequency hopping restriction in certain smaller bandwidth part of larger bandwidth UE
The PUCCH frequency hopping bandwidth within the band of UEs on larger BW is restricted to reserve sufficient PUCCH resource for UEs on smaller BW. An example is shown in Figure 2(c) that UE on BW1 adjusts its frequency hopping bandwidth to reserve some PUCCH resource for UE on BW2 and UE on BW3. Similar to option 2, this method avoids the PUCCH multiplexing of UEs with different BW capability.
Proposal 2: The frequency hopping can be restricted within a sub set of the UE's BWP which is configured by high layer.
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Figure 2: Proposed PUCCH hopping bandwidths for UEs configured with different BWP sizes 
Following proposal 1, herein we consider more concrete design for hopping pattern of PUCCH. When frequency hopping is enabled, the PUCCH resource of the first hop is indicated by gNB. A desirable way to configure PUCCH resource of the second hop is to keep a centro-symmetric pattern within FH band similar to LTE. Based on above discussion, the FH band of second hop should be configured to a UE which requires additional parameter configured by RRC signaling. There are two possible solutions to implement it .
· Alt 1: the gNB configures the start and end position of sub-set of UE’s BWP as hopping range.
· Alt 2: the gNB sends an offset parameter to configure the FH band. For example, it can define the meaning of offset: if offset is positive, it is used to configure the FH band from 0 to 
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 is the number of occupied PRBs of active BWP.
Assume the start position of FH band is PRB index 
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, and the UE obtains the start PRB index 
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of the first hop based on gNB configuration. Then for Alt 1, UE could derive the PUCCH resource of the second hop according to:
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For Alt 2, the UE could derive the PUCCH resource of the second hop from the following formula: 
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Since the Alt 2 requires only one parameter and it can back-off to LTE scheme by setting offset as zero, the Alt 2 should be prioritized for configuration of frequency hopping resource. An example of Alt 2 is shown as following figure, assume the BWP is 100 PRBs and the configured offset is 50, if the PRB index of first hop is 48, then the index of second hop is derived as: 
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Proposal 3: Use an offset parameter to configure the PUCCH resource of second hop and keep centro- symmetric for frequency hopping resource.
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Figure 3: An example for PUCCH resource allocation of second hop
3 Conclusions
In this contribution we mainly discuss the other remaining aspects for 2-symbol PUCCCH. We have the following proposals:
Proposal 1: The cyclic shift hopping of short PUCCH with up to 2bits could be supported by introducing one cyclic shift offset. 
Proposal 2: The frequency hopping can be restricted within a sub set of the UE's BWP which is configured by high layer.

Proposal 3: Use an offset parameter to configure the PUCCH resource of second hop and keep centro- symmetric for frequency hopping resource.
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