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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. This is captured in the WID [1] tasks as: 
2. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]

In RAN1#80 [2], it was agreed that RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations:
· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers
· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs
· Applicable to non-UL CA capable UEs

· FFS: Multiple PUCCHs on Pcell
· Two PUCCH cell groups are configured for up to 32 DL carriers
· Applicable only when UL CA is configured
· FFS: how many PUCCH cell groups are supported

· FFS: more than two PUCCH cell groups case
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. Additionally, number of periodic CSI reports to be transmitted is increased significantly. Keeping 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, we see that transmission of multiple periodic CSI reports during a single subframe should be supported. Further, it is preferable that HARQ-ACK bits and at least part of simultaneous periodic CSI reports can be transmitted jointly on PUCCH. 

Current PUCCH formats cannot support large UCI payloads. For example, with PUCCH Format 3 maximum payload is limited to 22 bits. Hence, it was observed in RAN1#80 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 [3]. In [4], we consider dynamic adaptation of HARQ-ACK feedback size as well as dynamic selection of PUCCH format. In this contribution, we present our views on design of new PUCCH format as well as on extending use of PUCCH Format 3.
2
Design of new PUCCH format
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 [3], 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], the design options supporting CDMA require in most cases 2 PRBs for 32-bit payload and 3 PRBs for 64-bit payload. At the same cases, the design option based on PUSCH slot structure can support 32-bit payload with 1 PRB and over 64-bit payload with 2 PRBs. The performance difference increases further with larger payloads. Additionally, there were only one interfering UE per cell in the evaluations. When CDMA suitability is evaluated, multiple interfering UEs per cell need to be assumed, which increases inter-cell interference and reduces the supported payloads further. Based on the results, we see that a format design not including CDMA component yields more efficient performance for the targeted payloads and operation conditions.
The new PUCCH format 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 new PUCCH format on the same cell. This questions the practical usability and, hence, the need for 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. 
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 [3], 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.
· With simple DMRS based DTX detection, 2 DMRS symbols per slot yield better DTX detection performance than 1 DMRS symbol. On other hand, with a dynamic selection between PUCCH Format 3 and the new format, as we propose in [4], the new PUCCH format will be used only when PDSCH is scheduled to UE on a considerable number of UEs. In that case, it is highly unlike that UE will miss all DL assignments, diminishing overall importance of DTX detection for the new PUCCH format. Similar effect is seen if CRC is introduced to HARQ-ACK reporting. In other words, we see that, depending on the agreed enhancements on HARQ-ACK reporting, DTX detection can be less important for the new PUCCH format and does not need to be particularly emphasized in the design of the format. 
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.
Slot-based frequency hopping is an important diversity mechanism for delay critical HARQ-ACK feedback that cannot benefit e.g. from retransmissions. We see that it needs to be supported. We also see that PUCCH frequency hopping mechanism is a natural design choice for the new PUCCH format. Of course, intra and inter subframe hopping is supported for PUSCH. However, we do not see it to provide any gain over PUCCH hopping mechanism. Quite the contrary, use of PUSCH mechanism for intra and inter subframe hopping for a PUCCH format may unnecessarily complicate PUSCH scheduling if intra and inter subframe hopping is not otherwise used on PUSCH. 

On other hand, if it is allowed to disable PUCCH frequency hopping for a certain PUCCH resource configuration applicable for the new PUCCH format, multiplexing of the new PUCCH format among PUSCH is simpler and more efficient. This is the case especially when the new PUCCH format occupies multiple PRBs. 
Proposal #2: PUCCH frequency hopping mechanism is supported for the new PUCCH format.

Proposal #3: PUCCH frequency hopping can be disabled separately for each PUCCH resource configuration applicable for the new PUCCH format.

Channel coding needs to be defined for the new PUCCH format. It is worth noting that LTE defines already now multiple channel coding schemes. Further, tail biting convolutional coding (TBCC) with coding rate 1/3 is already used in LTE for coding both DCI and UCI with comparable payloads. We see as a natural design that an existing LTE coding is reused with new PUCCH format, which leads to proposing that TBCC is employed with the new PUCCH format.
Proposal #4: LTE TBCC is employed as the channel coding scheme for the new PUCCH format.

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, as proposed in the following section, and the mechanisms aiming for flexible and efficient PUCCH resource usage, as discussed in [4], we see that single new PUCCH format can provide sufficient and efficient support for CA enhancement up to 32 DL carriers. Hence we see that single new PUCCH format is sufficient to support UCI feedback for up to 32 DL carriers.
Observation #1: It is sufficient to introduce single new PUCCH format to support UCI feedback for up to 32 DL component carriers.
3
Extending the use of PUCCH Format 3
The capabilities of PUCCH format 3 should be fully utilized to achieve efficient use of PUCCH resources. The use of PUCCH Format 3 can be extended to support multiple periodic CSI reports as well as to support HARQ-ACK feedback for a larger number of DL cells via a FDD PUCCH cell (i.e. FDD PCell or SCell with PUCCH). The extensions can be achieved with rather simple specification changes. For example, simply by allowing the use of 22 bit payload and by introducing spatial bundling of HARQ-ACK feedback on a FDD PUCCH cell, PUCCH Format 3 can be extended to support HARQ-ACK feedback up to 21 carriers on a FDD PUCCH cell. This means significant increase in the usability of PUCCH format 3 in CA enhancement beyond 5CCs. Of course, the use of these mechanisms on FDD PUCCH cell should be configurable by the network.
Proposal #5: PUCCH Format 3 use is extended to support HARQ-ACK reporting for more than 5 carriers as well as periodic CSI reporting for multiple serving cells.
Proposal #6: Spatial bundling of HARQ-ACK feedback, enabled/disabled by higher layer signalling, is supported in HARQ-ACK reporting on FDD PUCCH cell.

4
Conclusion
In this contribution, we discuss design for the new PUCCH format as well as ways to extend use of PUCCH Format 3. 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: PUCCH frequency hopping mechanism is supported for the new PUCCH format.

Proposal #3: PUCCH frequency hopping can be disabled separately for each PUCCH resource configuration applicable for the new PUCCH format.
Proposal #4: LTE TBCC is employed as the channel coding scheme for the new PUCCH format.
Proposal #5: PUCCH Format 3 use is extended to support HARQ-ACK reporting for more than 5 carriers as well as periodic CSI reporting for multiple serving cells.
Proposal #6: Spatial bundling of HARQ-ACK feedback, enabled/disabled by higher layer signalling, is supported in HARQ-ACK reporting on FDD PUCCH cell.
Observation #1: It is sufficient to introduce single new PUCCH format to support UCI feedback for up to 32 DL component carriers.
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