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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
This contribution discusses the remaining issues of long PUCCH up to 2 bits, including frequency hopping and OCC multiplexing.
2. Frequency hopping for long PUCCH
In RAN1#90bis meeting [1], there are lengthy discussion on aligning the hopping boundary of different PUCCHs. And an agreements on the hopping boundary is achieved as follows,
Agreements:
· If frequency hopping is enabled for long PUCCH for UCI of up to 2 bits and more than 2 bits, hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH
· No RRC configuration is involved in determining the hopping boundary

This section further discusses the hopping boundary of PUCCH and provides related proposals.

2.1. Hopping boundaries are aligned or not?
During the last meeting, many companies expressed the importance of aligning PUCCH hopping boundary. This includes mainly two scenarios, PUCCHs with different durations transmitted in different PRB pairs or same PRB pairs respectively.
Scenario 1: Long PUCCHs with different durations transmitted in different PRB pairs
For case 1 and 2, the hopping point is determined simply by the middle of PUCCH. Case 2 supports flexible starting symbol in order to align PUCCHs’ boundaries.
For case 3, the hopping point is determined by start and duration.
The remaining resources in each PRB pair can be used for other transmission. From the illustration, it can be observed that aligning the hopping boundaries (case 2 and 3) provides better resource utilization.
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Case 1: hopping at the middle of each PUCCH duration
Cause UL resource fragments
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Case 2: hopping at the middle of each PUCCH duration
UL resource fragments is reduced but some PUCCH is delayed
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Case 3: adjusted (aligned) hopping point for PUCCHs with different durations 
UL resource segments is reduced WITHOUT delaying PUCCH
Figure 1. Scenario 1:Long PUCCHs with different durations transmitted in different PRB pairs
Scenario 2: Long PUCCHs with different durations transmitted in same PRB pair
From both cases (case 4 and 5), considering the short PUCCH and/or SRS transmission at the last few OFDM symbols, the available OFDM symbols for PUCCH transmission is reduced. The main motivation of case 5 is to align the hopping point for different PUCCHs within one PRB. And it can be observed that if PUCCH hopping point is fixed and at the middle of duration (i.e. case4), then resources used for PUCCH is twice than flexible hopping point (i.e. case 5)
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Case 4: PUCCH hopping at the middle of each transmission duration
PUCCH resource is doubled
[image: ]
Case 5: adjusted (aligned) PUCCH hopping point 
PUCCH resource is NOT doubled
Figure 2. Scenario 2: Long PUCCHs with different durations transmitted in same PRB pair
Proposal 1: Aligning hopping boundaries of PUCCHs shall be considered in NR.
2.2. Determination of hopping boundaries
In order to determine the hopping boundaries, the following principles shall be considered.
Principle 1: determined by long PUCCH duration/start symbol of long PUCCH
As mentioned in the agreement from last RAN1 meeting, if frequency hopping is enabled for long PUCCH for UCI of up to 2 bits and more than 2 bits, hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH.
Principle 2: aligning hopping boundaries of PUCCH with different duration shall be considered.
[2], [3] and other contributions provide possible hopping point determination scheme based on the above two principles, which can be further considered.
For a particular duration, these proposals which confine with the aforementioned two principles result in multiple hopping points, and determination of which hopping point is actual one is based on start/duration symbols
Proposal 2: For a particular PUCCH duration, supporting multiple candidate hopping boundaries for long PUCCH. Determination on actual hopping boundary is based on the start/duration symbols.
2.3.  Hopping BW
In the case that frequency hopping bandwidth is within the UL BWP, UE is not required to retune to another BWP. If the FH bandwidth equals to UL BWP bandwidth, maximum frequency diversity can be achieved. However, considering PUCCH from different UEs with different UL BWP bandwidth, such design may result in resource fragmentation. 
Therefore, in order to maximize scheduling flexibility, it is preferred to allow the frequency resource of first and second hop are decoupled. This results in different bandwidth between frequency hopping and UL BWP
And there are several options to configured 1st and 2nd hop PUCCH resources,
· Alt 1: Frequency resource of first and second hop of PUCCH can be configured joint, i.e. there are some linkage with the 1st hop resource and 2nd hop resource
· Alt 2: Frequency resource of first and second hop of PUCCH can be configured separated.
For alt 1, only 1 ARO indication signaling is needed to indicate both resources. And for alt 2, multiple ARO indication can be considered for each hop. 
Proposal 3: frequency hopping bandwidth is decoupled from UL BWP bandwidth, and
· Alt 1: Frequency resource of first and second hop of PUCCH can be configured joint, i.e. there are some linkage with the 1st hop resource and 2nd hop resource
· Alt 2: Frequency resource of first and second hop of PUCCH can be configured separated.


3. OCC multiplexing capacity 
In the last meeting, one remaining issue to the OCC multiplexing capacity is as follow,
Working assumption:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.

3.1. Multiplexing capacity
(1) With frequency hopping 
DMRS pattern for long PUCCH up to 2-bit is shown in Figure 1. The multiplexing capacity of long PUCCH depends on the supported cyclic shift values in frequency domain and OCC lengths in time domain. Generally, the multiplexing capacity of long PUCCH is varied for different number of symbols within one PRB. When frequency hopping is enabled, the number of symbols of DMRS and UCI can be different within a frequency hop or between frequency hops. Thus, the different   and OCC multiplexing capacity for DMRS and UCI can be used to provide more robustness performance and higher multiplexing capacity. Taking long PUCCH format with 7 symbols as an example, for the second frequency hop, OCC = 2 for DMRS can be used. In this case,  of DMRS can be set to twice than  of UCI. The larger  is beneficial for reducing interference from other UEs and obtaining better channel estimation performance. Similar situation can be observed for 11 symbols PUCCH 
For PUCCH format with 7 and 11 symbols, OCC multiplexing capacity for DMRS and UCI are separately derived as follows.
Table 1 OCC Multiplexing capacity of long PUCCH
	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	DMRS
	UCI

	7
	 2 
	1

	11
	3
	2



Proposal 4: Different  can be configured for DMRS and UCI for long PUCCH for UCI of up to 2 bits. And OCC multiplexing capacity for 7-symbol long PUCCH is 1 for UCI and 2 for DMRS, and for 11-symbol long PUCCH is 2 for UCI and 3 for DMRS.



Figure 3. DMRS pattern for long PUCCH up to 2-bit

4. Conclusion
In this document, we discuss the long PUCCH with up to 2 bits with the following proposals:
Proposal 1: Aligning hopping boundaries of PUCCHs shall be considered in NR.
Proposal 2: For a particular PUCCH duration, supporting multiple candidate hopping boundaries for long PUCCH. Determination on actual hopping boundary is based on the start/duration symbols.
Proposal 3: frequency hopping bandwidth is decoupled from UL BWP bandwidth, and
· Alt 1: Frequency resource of first and second hop of PUCCH can be configured joint, i.e. there are some linkage with the 1st hop resource and 2nd hop resource
· Alt 2: Frequency resource of first and second hop of PUCCH can be configured separated.
[bookmark: _GoBack]Proposal 4: Different  can be configured for DMRS and UCI for long PUCCH for UCI of up to 2 bits. And OCC multiplexing capacity for 7-symbol long PUCCH is 1 for UCI and 2 for DMRS, and for 11-symbol long PUCCH is 2 for UCI and 3 for DMRS.
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