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1	Introduction
This is a revised version of R1-1713430 from last meeting RAN1 90. 
In RAN1 90ah [1], the following agreements have been made for 1-symbol short PUCCH with more than 2 bits UCI
Agreements:
· Confirm the following working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB
· For short-PUCCH for UCI of more than 2 bits, DMRS is mapped on #1, #4, #7, #10 REs for a given RB
· Note: the RE indexing starts from 0
· PN sequences as for PUSCH (opt. 1) is used for DMRS sequence of short-PUCCH for UCI of more than 2 bits

In this contribution, we discuss two aspects for 1-symbol short PUCCH with more than 2 bits payload. First, we discuss the DMRS design. Second, we share our view on contiguous vs non-contiguous RB allocation.
2	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 [2], 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 [2], 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. 
However, it also created issues such as intermodulation (IM) distortion such as IM3 and IM5 and other RF implementation issues. In order to deal with the IM3/IM5 and other RF related issues, UE often need to back off the maximum PA power to satisfy the emission requirements. This maximum back off of PA power is referred as maximum power reduction (MPR). With non-contiguous PRB allocation, in many cases, the MPR can offset the diversity gain and leads to worse UL performance comparing to contiguous PRB allocation. Therefore, when considering the allowed non-contiguous PRB allocation, certain limitation from MPR perspective should be considered to exclude those non-contiguous PRB allocation patterns with large MPR. 
The largest MPR is created by the PRB allocation pattern as shown in Figure 1. In this scenario, the whole system bandwidth is Z Mhz. One RB is allocated at the top edge of the system bandwidth, while the other RB is allocated at the bottom edge of the system bandwidth. This PRB allocation may provide large frequency diversity for 1-symbol PUCCH. However, with this kind of PRB allocation, the IM3 is very far away. To satisfy the emission requirements such ACLR level, the MPR is very large. In Section 6.2.3 in [3], MPR is defined as following
MPR = CEIL {MA, 0.5}
Where MA is defined as follows for QPSK, 16 QAM and 64 QAM
MA =	8.00-10.12A		; 0.00< A ≤ 0.33
5.67 - 3.07A		; 0.33< A ≤0.77
3.31				; 0.77< A ≤1.00
Where MA is defined as follows for 256 QAM
MA = 8.00-10.12A		; 0.00< A ≤ 0.25
	5.50				; 0.25< A < 1.00
Where
	A = NRB_alloc / NRB.
Given the modulation is QPSK for 1-symbol PUCCH, suppose the whole system bandwidth is 20Mhz which is equivalently 100RBs following LTE numerology, A is 0.02 in this scenario, which leads to MPR of 8dB. This MPR of 8dB will easily offset the diversity gain of the non-contiguous PRB allocation. Therefore, we can see that non-contiguous PRB allocation actually hurts PUCCH performance in this case. 


[bookmark: _Ref477973495] Figure 1: Non-contiguous PRB allocation with largest MPR.
It is possible to reduce the MPR by changing the PRB allocation pattern. For more study on the MPR impact with non-contiguous RB allocation and the corresponding channel estimation loss, please refer to [2]. 
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 1: Contiguous PRB allocation should be prioritized as 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: 
Proposal 1: Contiguous PRB allocation should be prioritized as baseline for 1-symbol short PUCCH in release 15.
· RAN 1 should send LS to RAN4 for MPR impact with non-contiguous PRB allocation.  
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