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Introduction

In RAN#66, a work item of carrier aggregation enhancement (RP-142286) was agreed to investigate the support of PUCCH on SCell and up to 32 carriers are aggregated.  One objective of carrier aggregation enhancement is to 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, the principle of PUCCH enhancement to support up to 32 component carrier aggregations was agreed in the following,
· 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

In this contribution, we discuss the design alternatives of new PUCCH to support UCI feedbacks up to 32 carrier aggregation.    
Discussion of PUCCH on PCell 
PUCCH in Rel-8 and Rel-10 was designed to configure common PUCCH resources semi-statically with design target of high multiplexing capability.   PUCCH format 1,1a, and1b were defined in Rel-8 to support A/N feedbacks with multiplexing capacity up to 24 users.   In Rel-10, PUCCH format 1b with channel selection was specified to support up to 4 bits.  PUCCH format 3 was designed in Rel-10 to support up to 20 bits with multiplexing capacity of 5 users.     The resources of PUCCH format 1’s and format 3 are semi-statically configured.   The PUCCH resource would not be reused when the load is low or zero.  The modulation and coding schemes are designed for coverage and fixed for PUCCH formats 1 and 3. The multiplexing capacity is fixed even if all UEs are in very good channel conditions.  
In order to support large number of A/N bits on PCell, the following should be considered for the new PUCCH format:
· Dynamic resource allocation scheduled along with DL PDSCH resource allocation with link adaptation.
· The modulation and coding schemes is also dynamic assigned based on each UEs radio channel conditions.
· The new PUCCH channel needs to have the flexibility to multiplex users with different number of A/N bits and modulation and coding scheme.   

Consideration in the new PUCCH format is to support HARQ-ACK feedbacks up to 32 carrier aggregation for both FDD and TDD.   The maximum number of A/N bits for TDD configuration 5 with MIMO configuration is 480 bits (32 carriers with 15 HARQ processes) assuming spatial A/N bundling.   In general, the number of A/N bits for FDD and TDD configurations (other than configuration 5) are 64 – 128 bits for up to 32 carrier aggregation.   One PRB could support 128 A/N bits with sufficient channel code rate.   More than one PRB could be allocated when the number of A/N bits is over 128 bits.    

· Semi-static configured number of PRBs for the new PUCH format: One PRB is the default radio resource for the new PUCCH channel since most of time the number of A/N bits is less than 128 bits.  When large number of carriers (more than 20) is configured for TDD configuration 4 or 5, more than one PRBs could be semi-statically configured by higher layer at the time of carrier aggregation configuration.   

· Dynamic PRB allocation with explicit signaling – The new PUCCH channel are not semi-statically configured.  The PRB pair is dynamically configured and explicitly indicated in the DL grant when PDSCH is scheduled for transmission as shown in Figure 1.     Dynamic PUCCH resource allocation gives the scheduler the flexibility to allocate resource for either PUCCH with large number of payload or PUSCH.   The PRB indication of PUCCH resource could be included in the DL grant in the PCell, DL grant received in the first SCell if PCell does not have scheduling or all DL grant received in the PCell and SCells.   
· Indication of PUCCH PRB allocation with all PRBs in the operating BW:  Total number of bits is ranged from 3 to 7 bits to indicate the allocation of PUCCH PRB for system bandwidth 1.4, 3, 5, 10, 15, and 20 MHz (6, 12, 25, 50, 75, 100 PRBs respectively) for dynamic resource allocation cross the whole system bandwidth.    The PUCCH PRB allocation cross system bandwidth provides the flexibility to the scheduler.   Dynamic PUCCH PRB allocation enables the scheduler to utilize the frequency selective channel gain and optimize the spectral efficiency.  
· Indication of PUCCH PRB with restricted number of PRBs:  A subset of selected PRB pairs for PUCCH could also be configured by higher layer signaling to limit the number of bits required for the indication of PUCCH resource.  A selected subset of PRBs pairs could be consecutive PRBs without fragment the UL spectrum for PUSCH transmission.  A selected subset of PRB pairs could achieve similar frequency selective channel gain if the configured subset of PUCCH PRB pairs cover cross all subbands. 


[bookmark: _Ref416342078]Figure 1:  New PUCCH format with dynamic resource allocation

· Dynamic MCS:  The MCS could be explicitly signaled by DCI format based on UE channel condition along with PRB resource allocation to achieve link adaptation gain.   Dynamic MCS would allow the eNB to allocate less radio resource to transmit the same number of A/N bits when UE’s channel condition is good.   The number of MCS bits could be 5-bit based on the MCS table or selected subset of MCS with reduced number of bits (e.g., 1-3 bits).   

· Channel coding:  When large number of A/N bits are transmitted, it would have better performance with channel coding, such as block code, turbo code, or convolutional code, in comparison with repetition code or DFT precoding.   
· Turbo Code:  PUCCH channel coding could reuse turbo code principle for PUSCH channel coding.   This will align the implementation of PUCCH and PUSCH.  Turbo code has better performance than current repetition coding or DFT precoding to battle fast fading effects.  
· Tail-biting convolutional code (TBCC) – Tail-biting convolutional code has better performance than Turbo code with smaller payload size (less than 200 bits).  TBCC has been used for PDCCH channel coding.  

· Improve A/N feedback reliability with CRC:   When large number of A/N bits is fed back, it is important to have reliability check.  A CRC could be added at the end of the A/N bit stream for additional insurance of reliability.   CRC is considered as the overhead.  When the number of A/N bits is small, CRC overhead would be high.  As the number of A/N bits increase, the ratio of CRC overhead will become smaller.  An 8-bit CRC could be used to attach at the end of A/N bit stream similar to that used in PDCCH payload.   
· Multiplexing of multi-user A/N bits: One PRB pair has 144 REs.  One PRB pair could support 288 and 576 encoded symbols with QPSK and 16QAM modulation, respectively.    With 1/3 mother code rate of channel coding, one PRB pair could support 96 and 192 A/N bits with QPSK and 16QAM modulation respectively.   With dynamic coding rate and rate matching, one PRB pair could support up to 500 A/N bits without any A/N bundling.   One PRB are sufficient to support most of cases up to 32 carrier aggregation for a single user.   
For 20-96 A/N bits, the PUCCH channel could be multiplexed with other user by using orthogonal cover code (OCC), such as Walsh code below, in frequency domain as the spreading factor.   The advantage of OCC is used is to allow multiplexing of multiplex users A/N bits with different modulation and coding scheme.  Different users could transmit on same PUCCH channel with different OCC paired with different DMRS cyclic shift for channel estimation.  The receiver could use the OCC to separate different user’s A/N bits and get the dispreading gain.   When OCC is used in the frequency domain, the number of REs would be reduced in half for OCC-2 and in one forth for OCC-4 and in one eighth for OCC-8.    



Figure 2: example of OCC using Walsh Matrix for length of 2,4, and 8

Conclusion
We discuss the design alternatives of new PUCCH format for UCI on PCell supporting up to 32 carrier aggregation for both FDD and TDD.  We propose the new PUCCH format with the following properties,
· Dynamic PUCCH resource allocation with explicit PRB indication in the DL grant to improve resource utilization and achieve frequency selective channel gain.
· Dynamic MCS with indication in the DL grant to achieve link adaption 
· Better A/N feedback protection with channel coding, such as turbo code, TBCC, or block code.
· Improve A/N reliability with CRC attachment
· Flexible multiplexing of different number of A/N bits from different users by orthogonal cover code (OCC).  
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