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1
Introduction
Work Item ”LTE Carrier Aggregation Enhancement Beyond 5 Carriers”  targets at as the second objective on enhancing carrier aggregation framework to support up to 32 component carriers [1]. 
Extending DL carrier aggregation for up to 32 DL carriers increases considerably the amount of UCI that needs to be transmitted in a single subframe. Number of HARQ-ACK bits to be reported in a subframe is increased significantly. In the case of FDD Pcell, up to 64 HARQ-ACK bits may need to be reported. In the case of TDD PCell, the increase is drastically larger. As consequence, it was agreed in RAN1#81 [2] that the maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits, and in case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits.
Additionally, number of periodic CSI reports to be transmitted is increased significantly. The current periodic CSI reporting procedure, where periodic CSI can be reported for only one CC at the time, would lead to insufficient CSI reporting. Hence, it was agreed in RAN1#81 [2] that multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe is specified. 
Current PUCCH formats cannot support large UCI payloads. For example, PUCCH Format 3 maximum payload is limited to 22 bits. Hence, it was observed in RAN1#80 [3] that one or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead could be considered as an enhancements to PUCCH feedback format. 
We analyze performance for various new PUCCH format design options in [4]. In this contribution, we present our views on design of new PUCCH format, which we call as PUCCH Format 4 in the following.
2
Design for PUCCH Format 4 
There are several design options for the new PUCCH format. PUCCH Format 3 payload can be extended by reducing the spreading factor and/or by extending the format in frequency domain to cover multiple PRBs. New format structure can also be based on PUSCH slot structure. 
In [4], we provide performance analysis for several PUCCH format design option, including options employing spreading with OCC length of 5 and 3. Based on the results, obtained by applying evaluation methodology described in [5], we note:
· PUCCH format design options without OCC spreading achieve significantly better link performance than the options with OCC spreading for HARQ-ACK payloads exceeding PUCCH Format 3 capacity.

· PUCCH format design options without OCC spreading support large HARQ-ACK payloads significantly more resource efficiently than the options including OCC spreading. For example, PUCCH format design options without OCC spreading require 2 PRBs to support 128-bit payload whereas the considered PUCCH format design options with OCC spreading require at least 4 PRBs in Rel-12 Small Cell Scenario 2a / Case 2, UEs at 50% DL geometry, and 1 interfering UE per PRB per cell.
So, in order to support efficiently the maximum HARQ-ACK codebook size of at least 128 bits, the new PUCCH Format 4 needs to support HARQ-ACK transmission without a CDMA component. 

Observation #1: PUCCH format without a CDMA component is needed to support maximum HARQ-ACK codebook size of at least 128 bits efficiently 
Following aspect to consider is whether OCC spreading could provide benefits with smaller HARQ-ACK codebook size yet exceeding PUCCH Format 3 payload size. Such benefit could be e.g. lower PUCCH overhead achieved by multiplexing several UEs on the same PRB. On other hand, CDMA increases inter-cell interference which may need to be compensated for with a larger PRB allocation. This was studied in [4] by assuming 2 and 3 interfering UE per PRB per cell. However, the considered PUCCH format design options with OCC spreading were not found to provide any gain in terms of PUCCH overhead either for a 48-bit HARQ-ACK payload, which can be seen as a reasonable increase over PUCCH Format 3 capacity.
Further, the new PUCCH Format 4 may typically be used in a small cell PUCCH as a large number of DL carriers may be available for single UE typically in a small cell site having relatively low load. Further, such a large PUCCH format may be preferred to be offloaded to a small cell, either by configuring SCell PUCCH or by handing the UE over to the small cell. A small cell site with relatively low load can be expected to serve a relatively small number of UEs. Hence we expect that only infrequently there are multiple UEs simultaneously transmitting the PUCCH Format 4 on the same cell. This questions the practical usability and, hence, the need to support CDMA component on the new PUCCH format structure. In another case where the new PUCCH format is a PUCCH Format 3 extended only in frequency domain so that it maintains multiplexing compatibility with PUCCH Format 3, efficient use of the CDMA component would require that a considerable number of UEs would be transmitting simultaneously PUCCH Format 3. We see this unlikely in a small cell site having simultaneously a low load.  

On other hand, a slot structure without a CDMA component allows also for more straightforward standardization and implementation of the new PUCCH format. For example, when the new PUCCH format structure is defined, multiplexing with SRS with a shortened PUCCH format as well as support for different CP lengths needs to be addressed. This can be expected to be rather straightforward with a slot structure not supporting CDMA. Hence we see that PUCCH Format 4 should not support CDMA.
Another aspect to consider is the number of DMRS symbols per slot. Based on the results, 1 DMRS per slot supports sufficient channel estimation for the considered payload and SNR range. Additionally, it can be noted that:
· In [4], we present results for design options both with 1 and 2 DMRS symbols per slot. Based on the results, PUSCH-like slot structure with 1 DMRS per slot yields better performance with large payloads. This is simply due to a larger number of resource elements available for data with 1 DMRS per slot. However, one cannot consider over 100 HARQ-ACK payload to be a typical scenario and, hence, PUCCH format should not be particularly optimized for such payloads.

· 2 DMRS symbols per slot can be expected to improve performance with high UE velocities. However, one cannot consider high UE velocities to be a typical scenario for CA with more than 5 CCs and, hence, PUCCH format should not be particularly optimized for high velocities.
We do not see above mentioned points significant enough to strictly guide the PUCCH format design. On other hand, PUSCH-like slot structure allows also for straightforward standardization and implementation of the new PUCCH format. Hence, we prefer PUSCH-like slot structure with single DMRS per slot. 

Proposal #1: New PUCCH format employs a DFT-S-OFDMA slot structure with DMRS on the 4th symbol for normal CP and, if supported, on the 3rd symbol for extended CP, and does not support CDMA.
Based on results presented in [4] and previous discussions, we see that a PUCCH format with PUSCH-like slot structure and configurable number of PRBs provides the best performance for a wide range of HARQ-ACK payloads above PUCCH Format 3 capacity. When combined with the extension of PUCCH format 3 capabilities and the mechanisms aiming for flexible and efficient PUCCH resource usage, as discussed in [6], we see that single new PUCCH format is sufficient enhancement for UCI feedback supporting up to 32 DL carriers.
Proposal #2: Single new PUCCH format is introduced to support UCI feedback for up to 32 DL component carriers.
Slot-based frequency hopping is an important diversity mechanism for delay critical HARQ-ACK feedback that cannot benefit e.g. from retransmissions. We therefore see that slot-based frequency hopping needs to be supported. We also see that PUCCH frequency hopping mechanism is a natural design choice for the new PUCCH format. E.g. it allows for using PRBs right next to legacy PUCCH formats. Of course, frequency hopping is supported also for PUSCH. However, we do not see it to provide any gain over PUCCH hopping mechanism, or that there would be need for the configurability of hopping patterns as supported by PUSCH frequency hopping. Quite the contrary, use of PUSCH hopping mechanism for a PUCCH format may easily fragment PUSCH region and, hence, unnecessarily complicate PUSCH scheduling if frequency hopping is not otherwise used on PUSCH. 

If PUCCH frequency hopping can be disabled for a PUCCH resource configuration applicable for the new PUCCH format, multiplexing of PUCCH Format 4 among PUSCH can be simple and efficient. This is the case especially when the new PUCCH format occupies multiple PRBs. 
Proposal #3: PUCCH frequency hopping mechanism is supported for the new PUCCH format.

Proposal #4: PUCCH frequency hopping can be disabled separately for each PUCCH resource configuration applicable for the new PUCCH format.
3
UL PC for PUCCH Format 4
PUCCH transmit power is defined in the 36.213 with the following formula:
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In the formula there are three PUCCH format dependent parameters:
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 scales PUCCH tx power up depending on number of payload bits in the PUCCH transmission. The actual scaling function, that depends on number PUCCH payload bits, is defined separately for each PUCCH format. Very likely the existing scaling functions for the current PUCCH formats cannot be reused because the number of supported payload bits will be significantly larger in the new PUCCH format and likely the new format itself is different from the current PUCCH formats. So, the scaling function for the new PUCCH format can only be defined after further details of new PUCCH format are agreed.
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parameter defines relative power difference of the PUCCH format compared to the PUCCH format 1a. For example relative power difference of PUCCH format 1b (2-bit A/N) compared to format 1a (1-bit A/N) is 3dB. In addition to the estimated required power difference compared to format 1a, couple of other values can be configured for 
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 so that eNB can change the relative quality of different PUCCH formats. Definition of 
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values can be done after the details of the new PUCCH format are agreed
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is used in the case that UE is configured to transmit PUCCH on two antenna ports. If two antenna port transmission is used, PUCCH performance is improved so that it is possible to reduce PUCCH tx power. Values of this parameter are defined separately for each PUCCH format. For almost all the PUCCH formats the possible values for 
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are 0dB and -2dB but there is one format with values 0dB and -1dB. It is probably premature to conclude that the new PUCCH format should support 
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values of 0dB and -2dB.

Observation #2: There are three parameters in the PUCCH power control formula that need to be considered when the new PUCCH format is introduced. Most of the details of the new PUCCH Format 4 need to be agreed before studies of the PUCCH PC parameters can be done. 

4
Conclusion
In this contribution, we discuss design for the new PUCCH Format 4. Based on the discussions, the following proposals and observations can be summarized: 
Proposal #1: New PUCCH format employs a DFT-S-OFDMA slot structure with DMRS on the 4th symbol for normal CP and, if supported, on the 3rd symbol for extended CP, and does not support CDMA.
Proposal #2: Single new PUCCH format is introduced to support UCI feedback for up to 32 DL component carriers.
Proposal #3: PUCCH frequency hopping mechanism is supported for the new PUCCH format.

Proposal #4: PUCCH frequency hopping can be disabled separately for each PUCCH resource configuration applicable for the new PUCCH format.
Observation #1: PUCCH format without a CDMA component is needed to support maximum HARQ-ACK codebook size of at least 128 bits efficiently 

Observation #2: There are three parameters in the PUCCH power control formula that need to be considered when the new PUCCH format is introduced. Most of the details of the new PUCCH Format 4 need to be agreed before studies of the PUCCH PC parameters can be done. 
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