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1 Introduction
RAN1 previously decided that a new PUCCH format based on PUSCH without CDM should be introduced and will be referred to as PUCCH format 4. In the RAN1#82bis meeting, PUCCH format design for up to 32 CCs was further discussed. One more PUCCH format (i.e., PUCCH format 5) was agreed for eCA to multiplex two users in the same PRB by employing length-2 OCC spreading within each symbol to improve spectral efficiency. 
In this contribution, we provide our views and preferences regarding the remaining details on the design of new PUCCH formats. 
2. Discussion
2.1 RE mapping
A pending issue is mapping coded bits to resource elements (RE) within a subframe. Two options exist: Either mapping within an SC-FDMA symbol first and then moving forward in the time domain, or mapping is first done over the first RE of all SC-FDMA symbols and then moving forward to the next REs of all symbols (i.e., time domain first mapping). 
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Figure 1:  Required SNR performance for two RE mapping schemes
To study this aspect, we present simulation results for the two options with ACK/NACK payload ranging from 22 to 128 bits. From Figure1, it can be seen that the frequency-first RE mapping yields a performance gain (~0.2 dB) over the time-first mapping scheme in terms of the mimimum required SNR. Based on the link performance shown in Figure1, we propose to apply RE mapping in a frequency-first manner. 

Proposal 1: Coded bits are mapped to REs in a frequency-first manner for the new PUCCH formats. 
2.2 Dynamic PUCCH format adaptation
A number of PUCCH formats are available for up to 32 CCs to convey HARQ-ACK feedback on PUCCH including HARQ-ACK multiplexing with PUCCH Format 1b with channel selection, PUCCH Format 3, 4 and 5. Different PUCCH formats offer different tradeoffs between PUCCH capacity and control signaling overhead. To restrict the increase of PUCCH overhead, dynamic PUCCH adapation was agreed to be supported. 
It was decided in RAN1#82 to support PUCCH format 1a/1b fallback from new PUCCH format for the case of PCell only scheduling. Furthermore, it was agreed in RAN1#82 to support dynamic adaptation between PUCCH format 3 and one of the new PUCCH formats to ensure efficient usage of UL resources. 

The remaining questions on PUCCH format adaptation include the need to support PUCCH formats 4 and 5 as well as how to support PUCCH format 3 adaptation. 

PUCCH formats 4 and 5 are likely to be semi-statically configured based on the number of configured DL CCs, UL/DL configurations and transmission modes to allow for efficient UL resource usage. The potential gain from adaptation between PUCCH format 4 and PUCCH format 5 is expected to be limited due to small multiplexing capability of PUCCH format 5 (i.e., two UEs in one PRB). In addition, supporting dynamic adaptation between these two formats requires the reservation of four more PUCCH format 5 resources for each individual UE. As PUCCH format 5 is not compatible with legacy PUCCH formats or PUSCH, the actual gain in terms of overhead reduction even become less clear. We therefore think that support PUCCH format adaptation between PUCCH format 3 and new PUCCH formats already provides sufficent overhead reduction and there is no need to support this functionality between two new PUCCH formats to avoid additional complexity in standardization. 
Proposal 2: Adaptation between PUCCH format 4 and new PUCCH format 5 is not supported.  
Various options can be considered to support dynamic adaptation between PUCCH format 3 and new PUCCH formats. The first option is to signal the PUCCH format in the DL assignments, which seems the most reliable choice. Alternatively, the UE could select the PUCCH format according to the HARQ-ACK codebook size. 
We believe the second opiton provides a more straightforward way forward. One possible concern with this approach is the mismatch on HARQ-ACK codebook size between UE and eNB. However, the design of HARQ-ACK codebook size adaptation must have sufficient mechanisms to ensure that the likelihood of this mismatch between UE and eNB occurs at acceptably low probability. Therefore, the second option is preferable since it does not require increase of the DL control overhead. 
Proposal 3: PUCCH format adapation between PUCCH format 3 and new PUCCH formats can be based on the total number of UCI bits.  
2.3 Power control for the new PUCCH formats
One more open issue RAN1 needs to address is how to set the transmission power for UCI on the new PUCCH formats. 
As discussed in the previous meeting, two options are considered, i.e., either reusing the existing PUSCH power control (PC) formula (i.e., UCI-only case) or based on the legacy PUCCH power control formula by defining new PUCCH format specific parameters. 
Fundamentally, the new PUCCH formats have PUSCH-like structures which allow multiple PRB configurations, implying that the existing power control formula for UCI-only PUSCH is a good starting point to avoid unnecessary standardization/implementation efforts. On the other hand, it is deemed necessary to carefully assess its feasibility considering some differences between UCI-only PUSCH and new PUCCH formats, e.g., joint coding is used for UCI combination transmission on the  new PUCCH formats, while separate coding schemes are applied for legacy UCI-only PUSCH transmission.
Power control for PUSCH is defined by the following expression in [1]: 
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Our views are summarized as follows regarding potential changes to the above PC formula for the new PUCCH formats: 

·   The term 
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 in the PUSCH PC equation reflects the fact that what is fundamentally controlled by the parameter P0,PUSCH is the power per RB. However, the required transmission power for a given UCI payload on the new PUCCH formats should be reduced as the number of RB increases.
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, where BPRE is the number of information bits per resource element (RE) and 
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 is the number of CQI/PMI bits including CRC bits. Since joint coding is used for UCI on the new PUCCH formats, BPRE should be modified to account for the CRC bits and all UCI bits in addition to the CQI bits, i.e., the sum of ACK/NACK bits (
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for the different UCI combination cases. 
Another possibility to set power can be based on the PUCCH PC formula. Power control for PUCCH is described by the following expression in section 5.1.2.1 in [1]: 
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The PUCCH PC contains a general part for all PUCCH formats and specific parameters that are based on the load on PUCCH. The specific part is constructed by the two parameters 
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 defines the relative performance difference between baseline PUCCH 1a and the used PUCCH format, which can be explicitly configured by the network. For the new PUCCH formats there will be a need to define this relative offset. Similarly to the other PUCCH formatsm the aim should be to define 3 to 4 different values that can cover potentially different eNB receiver implementations.
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scales the PUCCH power based on the number of transmitted payload bits. We have found by simulation that the following 
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 formula fits the SNR increments very well based on the SNR points for the PUCCH format, as shown in Figure 2 below:  
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In Figure 2, we provide the curve fitting for the two considered options, i.e., the PUSCH PC formula with the proposed changes and the PUCCH-based PC with the new 
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function. We observe that there is no difference between the two options in case of two PRBs.  For one PRB, the approximated SNR difference is found to be ~0.5 dB. 
We believe that a trade-off between the PUCCH performance and the specification complexity should be assesed and discussed in RAN1 to justify the need of specifying a new 
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for the new PUCCH format power control, taking into account the benefit of reusing the existing PUSCH PC formula which can lead to less standardization effort as well as the performance differences between the two options. 
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Figure 2: Operating SNR increments and power control function
Based on the above discussion, we make the following proposal: 
Proposal 4:  For power control of the new PUCCH formats:  
·   If the PUSCH-based formula is reused, several changes are suggested including 
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 and BRRE calculation. 
·  If the PUCCH-based formula is adopted, 
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is defined as follows: 
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3. Conclusions
In this contribution, we have discussed the remaining details of the new PUCCH formats design and make the following proposals:
Proposal 1: Coded bits are mapped to REs in a frequency-first manner for the new PUCCH formats. 
Proposal 2: Adaptation between PUCCH format 4 and new PUCCH format 5 is not supported.  
Proposal 3: PUCCH format adapation between PUCCH format 3 and new PUCCH formats can be based on the total number of UCI bits.  
Proposal 4:  For power control of the new PUCCH formats:  

·   If the PUSCH-based formula is reused, several changes are suggested including 
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 and BRRE calculation. 
·  If the PUCCH-based formula is adopted, 
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is defined as follows: 
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Appendix 1: Link simulation assumptions
Table 1 provides the relevant parameters used in the link level simulations

	Parameter
	Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	10 MHz

	Channel Model
	ETU, 3 km/h, AWGN interference

	Antenna Setup
	1Tx, 2 Rx

	Channel Estimation
	Practical, non-ideal

	Number of PRBs for PUCCH
	1 and 2 PRBs

	PUCCH frequency hopping
	At slot boundary

	CRC length (if any)
	8 bits

	Payload size (this is only for evaluation)
	22, 32, 48, 64, 96 and 128 bits

	Performance Metric
	ACK missed detection probability (1 %), NACK-to-ACK error probability (0.1%);  DTX-to-ACK probability 1%

With CRC, in case CRC check fails eNodeB considers all bits as “NACK”
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