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1. Introduction

According to WID for CA enhancement in Rel-13 [1], the objectives of carrier aggregation enhancements beyond 5 carriers are as follows:
	· For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.

· Develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell) and based on the UCI signalling formats on PUCCH defined for Rel-12 CA configurations [RAN1 until RAN#68].

· Identify and specify required L2/L3 functions and procedures to support PUCCH on SCell for the UE [RAN2].

· 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]
· Specify the necessary (if any) eNB and UE core requirements [RAN4]

· No band specific RAN4 work is planned as part of this work item.


Regarding the objectives of this work item, when PUCCH on PCell only is assumed, HARQ-ACK payload size would largely increase, for example, up to 64 bits for FDD case and up to 128 bits for normal TDD case with spatial bundling. This contribution discusses consideration points for CA enhancement to support HARQ-ACK feedback on PUCCH/PUSCH for up to 32 DL carriers.
2. HARQ-ACK transmission on PUCCH

2.1. New PUCCH format design

2.1.1. PUCCH structure

In legacy CA, PUCCH format 3 can accommodate up to 22 bits UCI and consists of 120 REs for UCI mapping. UCI on PUCCH format 3 is encoded into 48 coded bits by using RM coding, and the coded bits are repeated 5 times and mapped to 120 REs over two slots. In this case, the encoding rate (which can be defined by the ratio of input size and output size of encoder) can be up to 0.458 (=22/48) with dual RM coding consisting of two RM encoders, and the overall code rate (which can be defined by the ratio of input size and output size of PUCCH transmission) can be up to 0.092 (=22/(120*2)) with the combination of RM coding and coded UCI symbol repetition for OCC (orthogonal cover code) multiplexing. In Rel-13 CA, since it is expected that the size of UCI (e.g. HARQ-ACK) can increase larger than 22 bits, it would be necessary to consider following points for new PUCCH format design: 

(1) Increasing the number of coded bits from error correction code to minimize impact on the encoding rate of UCI
(2) Increasing the number of REs for UCI mapping on PUCCH to minimize impact on the overall code rate of UCI 
If the encoding rate from error correction code is too high, i.e., the number of coded bits is too small, the dependency between coded bit stream mapped on first slot and coded bit stream mapped on second slot will be decreased. In this case, frequency diversity gain coming from PUCCH slot hopping can also be weakened. In those points of view, it can be considered to increase coded bit size from error correction code on PUCCH. 

Next, the effect of repetition of coded bits from error correction code is also important factor as well as that of error correction code performance to achieve sufficient overall performance of UCI feedback on PUCCH. Depending on SINR region, decreasing only encoding rate for error correction code with the same overall code rate would not always guarantee the improvement on the overall performance of UCI feedback on PUCCH. 
For this reason, it is required to consider the encoding rate of error correction code and/or the overall code rate including coded bit repetition on PUCCH, for design of new PUCCH format to support Rel-13 CA. 

Followings are possible approaches to design new PUCCH format to support UCI (e.g. HARQ-ACK) feedback for CA beyond 5 carriers. 
Option 1: Time-domain extension

It can be considered to reduce the number of repetition for OCC to increase the number of coded bits from error correction code. In other words, OCC with shorter length (e.g. 2 or 3) can be introduced for new PUCCH format. In this case, both the multiplexing capacity and the number of repetitions of coded bit stream from error correction code could be decreased in accordance with the shortened length of OCC when the number of available REs in PUCCH for UCI mapping is given constant. To mitigate this limitation of this approach, it can be considered to reduce the DMRS (demodulation reference signal) density per each slot. Then, a larger number of available REs for mapping of UCI payload can be obtained, while the performance of the channel estimation could be deteriorated at the expense of the DMRS resource. Taking account of this trade-off, several variations and combinations of the OCC length and/or DMRS density can be considered as the candidates of the new PUCCH format as follows: 
Candidate 1: PUCCH format 3 DMRS structure with OCC-length 2/3.

In this case, the number of DMRS symbols per slot will be set to 2 for normal CP case as in PUCCH format 3. Since the number of non-DMRS symbols per slot is odd number (e.g. 5), it is difficult to divide the region for UCI mapping equally and needs to have different sizes of OCC. Considering shortened PUCCH format, it seems beneficial that first OCC belongs to first two non-DMRS symbols and the second OCC belongs to remaining three non-DMRS symbols as shown in Figure 1. Since the minimum value among the lengths of OCC is equal to 2, its multiplexing capacity is limited to 2. The number of coded bits for error correcting code can be increased to 96 bits (i.e. 24 bits/OCC unit X 2 OCC units/slot X 2 slots = 96 bits) rather than 48 bits. 
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Figure 1: OCC/DMRS structure of Candidate 1.
Candidate 2: PUSCH DMRS structure with OCC-length 3.
Similar to PUSCH, this approach would have one DMRS symbol per slot. Since the number of non-DMRS symbols is 6, the region for UCI mapping can be divided equally into 2 or 3 pieces in this structure each of which is the unit of the mapping of 24 bits of coded bits per slot. Candidate 2 for the new PUCCH format has two OCC with length 3 per slot as shown in Figure 2. In this case, multiplexing capacity is 3 and the number of coded bits for error correcting code can be increased to 96 bits (i.e. 24 bits/OCC unit X 2 OCC units/slot X 2 slots = 96 bits).
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Figure 2: OCC/DMRS structure of Candidate 2.
Candidate 3: PUSCH DMRS structure with OCC-length 2.

This candidate is simlar with Candidate 2 except for the OCC composition. In this case, there exist three OCC with length 2 per slot as shown in Figure 3. Multiplexing capacity of Candidate 3 is 2 and the number of coded bits for error correcting code can be increased to 144 bits (i.e. 24 bits/OCC unit X 3 OCC units/slot X 2 slots = 144 bits).
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Figure 3: OCC/DMRS structure of Candidate 3.
Candidate 4: PUSCH DMRS structure without OCC. 
In this candidate, no OCC is exploited which can be regarded as if it has 6 OCC with length 1. Therefore, it will not be allowed to multiplex multiple UEs within the same PRB or PRB pairs. Instead, the different coded bit streams are mapped on each symbol. All other candidates (i.e. Candidate 1 ~ Candidate 3) will perform frequency slot hopping, and the frequency diversity will be obtained by distributing the coded bits derived from a single error correcting code into two slots located in different frequency position. Alternatively, Candidate 4 can be considered that the two slots have the same coded bits duplicated from a single error correcting code. To summarize the above descriptions, Candidate 4 will have 144 bits (i.e. 24bits/symbol X 6 symbols = 144bit) as the number of coded bits for error correcting code. 
In our companion contribution [2], link-level simulation results of the above candidates for new PUCCH format can be found. 

Option 2: Frequency-domain extension

It can be considered to introduce PUCCH consisting of multiple PRB pairs as shown in Figure 1-(b). For instance, if a single new PUCCH format occupies 2 PRB pairs instead of 1 PRB pair and has 2 DMRSs per slot as for PUCCH format 3, 96 coded bits can be mapped on 240 REs on PUCCH. 
When a new PUCCH format consists of multiple PRB pairs, some multiplexing methods can be considered in order to maximize the multiplexing gain between new PUCCH formats and/or legacy PUCCH formats (e.g. PUCCH format 3). For example, if the legacy PUCCH formats and the new PUCCH formats can be distinguished by applying the OCC in the DMRS region, the multiplexing capacity can be maximized at each of the OCC indices. Or the cyclic shift for DMRS can be applied exclusively in the area where the legacy PUCCH formats and/or the new PUCCH formats are multiplexed. DMRS sequence for new PUCCH format in Figure 1 (b) can be given as a single long sequence over the occupied PRB pairs. The common OCC index can be applied for data region or DMRS region over the occupied PRB pairs. Further investigations for the required number of PRB pairs according to the UCI size for the new PUCCH format are needed from the evaluation results in [2].
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Figure 1: Example of new PUCCH format.

Option 3: PUCCH resource extension

It can be considered to simultaneously transmit multiple PUCCH resources, each of which has different OCC index, cyclic shift value, and/or RB index for UCI feedback. For instance, if UE performs simultaneous transmission of three PUCCH format 3 resources for UCI feedback, 144 coded bits can be mapped on 360 REs on PUCCH. The PUCCH format in the form of multiple PUCCH resource is convenient to be able to take advantage of the existing PUCCH format and relevant signaling. However, the coding gain would be reduced in that the separate coding is applied compared to the PUCCH format in the form of multiple PRB pairs which is jointly coded over the entire PRB pairs [2].

Proposal 1: It is necessary to consider the encoding rate of error correction code and/or the overall code rate including coded bit repetition on PUCCH, for design of new PUCCH format to support Rel-13 CA. 

2.1.2. HARQ-ACK coding
Since legacy RM coding (including single RM with circular repetition or dual RM with truncation depending on UCI size) can be used to encode up to 22 bits UCI, it is necessary to investigate how to encode UCI (e.g. HARQ-ACK) when the UCI size is larger than 22 bits. Followings are candidates of error correction code for encoding large size HARQ-ACK. 
Option 1: Use multiple RM codes 

If legacy RM encoder with (32, A) table is reused for encoding large size HARQ-ACK payload, it is necessary to increase the number of RM encoder since one RM encoder can accommodate up to 11 bits. For example, if UCI (e.g. HARQ-ACK) size is 64 bits, it is needed to use at least 6 RM encoders for HARQ-ACK feedback. In this option, it is necessary to investigate following subsequent issues: (1) How many RM encoders are needed depending on UCI size, (2) How to partition input UCI and distribute partitioned bit sequence to each RM encoder, and/or (3) How to interleave output of each RM encoder for frequency diversity coming from slot hopping. 
Option 2: Adopting single TBCC

If single TBCC is applied for encoding HARQ-ACK with large payload size, it would relatively be simple in terms of input/output processing including partitioning and interleaving. Since the output size of TBCC would be different depending on the UCI size, it would be needed to investigate how to fit the output size of TBCC to RE portion for UCI mapping on PUCCH. For instance, if UCI size is 64 bits and the number of coded bits for UCI mapping on PUCCH is set to 144 bits and 1/3-code rate TBCC is used, it is necessary to reduce the output of TBCC which is 192 coded bits should be reduced to 144 bits by using truncation and/or puncturing. 
Furthermore, proper combination of input/output processing (e.g. interleaving or concatenation) and UCI RE mapping (e.g. time-first or frequency-first) might be different according to new PUCCH format candidate and/or HARQ-ACK coding scheme.

Proposal 2: It is necessary to investigate on HARQ-ACK coding scheme and relevant processing/ interleaving for supporting large DL CA in Rel-13. 
2.2. Reduction on HARQ-ACK feedback size 

In case of legacy HARQ-ACK feedback on PUCCH, codebook size of HARQ-ACK is determined based on the number of configured serving cells and the number of DL subframes associated with a UL subframe where PUCCH will be transmitted, denoted by M. For example, if UE aggregates 5 carriers with M=4, then the size of the codebook for HARQ-ACK feedback on PUCCH is set to 20 (=5*4) even if smaller number (e.g. less than 20) of PDSCHs are scheduled. In our understanding, since it is not main scenario that all the 32 DL carriers are used simultaneously, it can be considered to reduce HARQ-ACK payload size to fit the limited number of coded bits or REs for UCI mapping. 
Option 1: Indicating cell or cell group requiring HARQ-ACK feedback
One of the methods to reduce HARQ-ACK payload size is to select HARQ-ACK to be transmitted on time. In this case, UE may not transmit HARQ-ACK feedback for other (i.e., not selected) configured serving cells. For example, eNB could choose some portion of configured serving cells not to expect any HARQ-ACK feedback during a certain time period, and UE can reduce the number of HARQ-ACK payload size according to the information from eNB. 
Option 2: Indicating cell or cell group applying HARQ-ACK bundling
It can be considered that eNB select target cell (group) to apply bundling and/or corresponding bundling scheme to reduce HARQ-ACK payload size. For example, if eNB choose a cell group to use certain bundling scheme (e.g. spatial bundling) and other cell group not to use any bundling scheme, then UE may perform HARQ-ACK bundling according to the eNB decision. 
Proposal 3: It can be considered to effectively reduce HARQ-ACK payload size for CA beyond 5 carriers in Rel-13. 

2.3. Adaptation on HARQ-ACK PUCCH format

In legacy CA, PUCCH format 3 can support HARQ-ACK feedback for up to 5 carriers except for the case where HARQ-ACK payload size with spatial bundling exceeds 21 bits if PUCCH format 3 resource is available. In this case, the range of overall code rate based on codebook size can be from 0.017 (=2/120) to 0.175 (=21/120). If new PUCCH format in Rel-13 CA have larger number of REs for UCI mapping compared to PUCCH format 3, and if HARQ-ACK payload size is too small, it would be inefficient in terms of time/frequency/code-domain resources to use new PUCCH format for small size HARQ-ACK feedback. For instance, if HARQ-ACK payload size is less than 22 bits, it seems to be beneficial in spectral efficiency to use PUCCH format 3 for HARQ-ACK feedback rather than new PUCCH format. Therefore, it can be considered to use different PUCCH format depending on actual number of scheduled cells or the corresponding HARQ-ACK payload size. 
Proposal 4: It is necessary to adapt PUCCH format for HARQ-ACK transmission depending on scheduling for spectral efficiency. 

3. Conclusion

This contribution discussed consideration point of HARQ-ACK feedback design for CA beyond 5 carriers in Rel-13. The followings are the proposals:
Proposal 1: It is necessary to consider the encoding rate of error correction code and/or the overall code rate including coded bit repetition on PUCCH, for design of new PUCCH format to support Rel-13 CA. 

Proposal 2: It is necessary to investigate on HARQ-ACK coding scheme and relevant processing/ interleaving for supporting large DL CA in Rel-13. 
Proposal 3: It can be considered to effectively reduce HARQ-ACK payload size for CA beyond 5 carriers in Rel-13. 

Proposal 4: It is necessary to adapt PUCCH format for HARQ-ACK transmission depending on scheduling for spectral efficiency. 
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