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1	Introduction
In Ran1 88bis [1], the following agreement has been made for 1-symbol short PUCCH with more than 2 bits UCI
Agreements:
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI
· X1 to X2 PRBs can be configured to support various UCI payload sizes
· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 
· FFS: detailed PRB allocations and signaling of the configuration
· FFS: values of X1, X2
· DMRS overhead: down-select among the following options:
· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)
· Option 2: multiple values depending on, e.g. UCI payload size etc.

In RAN1 89 [2], the following further agreement has been made for UL short PUCCH with more than 2 bits UCI
Agreements:
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,
· DM-RS overhead of 1/3 is supported
· FFS on other values for DM-RS overhead, if necessary
· FFS on detailed DM-RS pattern

In this contribution, we discuss two aspects for 1-symbol short PUCCH with more than 2 bits payload. First, we discuss the DMRS pattern. Second, we share our view on contiguous vs non-contiguous RB allocation.
2	DMRS pattern
For DMRS pattern with 1/3 overhead, the following pattern is a reasonable starting point for RAN1 to consider. With uniform distribution of DMRS tones, it should provide the best channel estimation quality. 


[bookmark: _Ref471549674]Figure 1: DMRS pattern for 1-symbol short PUCCH with more than 2 bits payload
Proposal 1: For 1-symbol short PUCCH with more than 2 bits UCI payload, DMRS with overhead 1/3 are uniformed distributed in one PRB at tone indices {1,4,7,10}.
· FFS: DMRS pattern with other overhead values
3	Contiguous vs non-contiguous RB allocation 
For CP-OFDM waveform, multi-cluster non-contiguous PRB allocation can be also considered, which could provide some frequency diversity gain over contiguous PRB allocation. However, this frequency diversity gain can be offset by channel estimation loss, due the fact that non-contiguous PRB cannot apply joint channel estimation cross all assigned PRBs. As shown in [3], after offset by channel estimation loss, the gain of diversity is just 0.5dB – 1.5dB. Furthermore, one should notice that frequency selective scheduling can be applied to contiguous PRB allocation to explore frequency selectivity of channel as well. As shown in [3], frequency selective scheduling can provide 0-2.5dB gain over static scheduling. By applying frequency selective scheduling, contiguous PRB allocation can be 1dB better than non-contiguous PRB allocation, in terms of link level performance. 
Furthermore, non-contiguous PRB allocation may suffer from very large MPR, in order to satisfy RAN4 emission requirements. The MPR loss can be up to 8dB as shown in [3]. To fully understand the MPR impact with non-contiguous RB allocation for 1-symbol short PUCCH with more than 2 bits, RAN 1 should send LS to RAN4 for MPR impact.
Therefore, we have the following proposal for PRB allocation.
Proposal 2: Contiguous PRB allocation should be the baseline for 1-symbol short PUCCH in release 15.
· RAN 1 should send LS to RAN4 for MPR impact with non-contiguous PRB allocation.  
4	Conclusion
In this contribution, we discussed the two topics for short PUCCH with more than 2 bits payload. We propose the following: 
[bookmark: _GoBack]Proposal 1: For 1-symbol short PUCCH with more than 2 bits UCI payload, DMRS with overhead 1/3 are uniformed distributed in one PRB at tone indices {1,4,7,10}.
· FFS: DMRS pattern with other overhead values
Proposal 2: Contiguous PRB allocation should be the baseline for 1-symbol short PUCCH in release 15.
· RAN 1 should send LS to RAN4 for MPR impact with non-contiguous PRB allocation.  
[bookmark: _Ref478136723]5	References 
1. [bookmark: _Ref481675115][bookmark: _Ref490139829]3GPP RAN1 88bis, “RAN1 Chairman’s Notes,” Spokane, USA, 3rd – 7th April 2017.
1. [bookmark: _Ref490140034][bookmark: _Ref481849486]3GPP TSG RAN WG1 Meeting #89, “RAN1 Chairman’s Notes”, Hangzhou, P.R. China 15th – 19th May 2017. 
[2] [bookmark: _Ref490140055]R1-1713440, “MPR issue with distributed RB allocation in UL”, Qualcomm Incorporated



1/2
image1.emf
0

1

2

3

4

5

6

7

8

9

10

11

DMRS tone

Data tone (carrying UCI)


oleObject1.bin
Text�

Text


￼

text


0


1


2


3


4


5


6


7


8


9


10


11


DMRS tone


Data tone (carrying UCI)



