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Background

In RAN1 #90bis, the following agreement was made for the number of DMRS for long PUCCH for UCI of more than 2 bits when frequency hopping is enabled. In follow-up email discussion [90b-NR-26], DMRS with frequency hopping is further clarified with an updated agreement: 

Agreements:
· For long PUCCH for UCI of more than 2 bits with enabled frequency hopping, 
· the number of DMRS symbols per hop is 1 for long PUCCH with duration of at least one hop <= X symbols 
· the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH with duration of both hops > X symbols is configurable by RRC UE-specific signaling
· Down select between X=4 and 5 

In this contribution, for long PUCCH for UCI of more than 2 bits, we discuss the remaining issue including the hopping location, the basic DMRS patterns in each hop when frequency hopping is enabled, and the DMRS patterns when frequency hopping is disabled.


Frequency hopping location 

If frequency hopping is configured for a long PUCCH, the hopping location has to be determined. In RAN1 #90bis, the following was agreed for frequency hopping locations:

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

However, there are different approaches that satisfy the above agreement.

· Option 1: Always in the middle of the long PUCCH

For example, the hop occurs at the end of the symbol at floor(N/2) [or ceil(N/2)]. Thus, the lengths of two hops are more balanced, i.e. the two hops have the same length or with a maximum of 1 symbol difference in length. However, there are potential DMRS alignment and resource allocations issues for multiplexing of PUCCH with different lengths and/or different starting/ending symbols. On the other hand, it is up to gNB scheduling to avoid potential issues, e.g. always allocate the long PUCCH with the same lengths in the same RB. 

· Option 2: The hopping location is aligned with different PUCCH lengths

With this approach, aligned DMRS is beneficial for multiplexing of different PUCCH lengths. Since no RRC configuration is involved in determining the hopping boundary, fixed candidate hopping locations should be pre-defined. The location may be determined by long PUCCH duration/start symbol of long PUCCH. But the location may be further determined by fixed position within a slot. Furthermore, due to fixed hopping location, the lengths of two hops may not be as balanced as in Option 1.

Based on pros and cons, RAN1 should down select one option to avoid more RRC configurations. We slightly prefer Option 1.

Proposal 1: In a long PUCCH for more than 2 bits, if frequency hopping is configured, the hop occurs at the end of the symbol at floor(N/2).
 
DMRS pattern in a hop 
Regardless of the frequency hopping location, a hop should have a maximum of 7 symbols. Considering configurability and multiplexing capabilities, we propose to define X=4, i.e. 1 or 2 DMRS can be configured for a hop with length of 5, 6 or 7. The DMRS structure can be optimized and determined in each hop based on the number of symbols in the given hop and the (configured) number of DMRS in a hop. Figure 1 provides DMRS for basic blocks with lengths of 2-7 symbols.



Figure 1. DMRS patterns for different number of symbols and number of DMRS in each hop

Proposal 2: Adopt X=4 to determine the number of DMRS in a hop, the DMRS pattern with a given hop length and number of DMRSs are fixed in the specification.


DMRS pattern without frequency hopping
To determine the number of DMRS in a long PUCCH without frequency hopping, the same principle for frequency hopping case can be reused, i.e. 
· 1 DMRS if the length <= X
· 2 DMRS if the length <=2X+1
· Configurable 2 or 4 DMRS if the length > 2X+1

In order to allow multiplexing of PUCCH with and with frequency hopping, the DMRS location of the same PUCCH lengths should be aligned whenever possible. The basic blocks of DMRS pattern in in Figure 1 can be reused if frequency hopping is not configured. 

Therefore, if frequency hopping is not configured 
· For a long PUCCH duration between 4-7 symbols, the DMRS position is determined based on the basic blocks with the given number of symbols and number of DMRS.
· For a long PUCCH with more than 7 symbols, the DMRS location should be determined the same way as when frequency hopping is configured. That is, the long PUCCH is divided into two segments, and the DMRS pattern in determined based on the length of each segment.

Proposal 3: The same DMRS pattern blocks are reused for a long PUCCH with or without frequency hopping.


Conclusion

In this contribution, for a long PUCCH with frequency hopping, we discuss the frequency hopping location, and detailed DMRS pattern of a given hop. Furthermore, we provide our views on the DMRS pattern for a long PUCCH without frequency hopping. Based on the discussions, we propose:

Proposal 1: In a long PUCCH for more than 2 bits, if frequency hopping is configured, the hop occurs at the end of the symbol at floor(N/2).

Proposal 2: Adopt X=4 to determine the number of DMRS in a hop, the DMRS pattern with a given hop length and number of DMRSs are fixed in the specification.

Proposal 3: The same DMRS pattern blocks are reused for a long PUCCH with or without frequency hopping.


References
[1] [bookmark: _Ref465762750][bookmark: _Ref489887848]Chairman’s note RAN1 #90bis, October 2017


[bookmark: _Ref462143313][bookmark: _Ref450725503][bookmark: _Ref419186016][bookmark: _Ref399316577][bookmark: _Ref275976890][bookmark: _Ref302982356][bookmark: _Ref314143987][bookmark: _Ref318668252][bookmark: _Ref319185883]
3

oleObject1.bin
2 symbols


3 symbols


4 symbols


5 symbols


6 symbols


7 symbols


1 DMRS in a hop


2 DMRS in a hop



image1.emf
2 symbols

3 symbols

4 symbols

5 symbols

6 symbols

7 symbols

1 DMRS in a hop 2 DMRS in a hop


