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1
Introduction
Rel-13 includes the standardization of the enhanced carrier aggregation (eCA) where the number of component carriers (CCs) that can be aggregated is increased (with respect to Rel-12 CA) to 32 CCs. 

In this document we discuss aspects of necessary enhancements to enable HARQ ACK feedback in the UL for up to 32 DL CCs.   
2
Discussion
In Rel-13, a UE may be configured with up to 32 CCs. It was agreed earlier that a single UL CC may be configured with up to 32 DL CCs, which implies that a single PUCCH may need to handle HARQ feedback for up to 32 DL CCs.  Since the existing PUCCH formats are designed to handle up to 5 DL CCs. Some PUCCH enhancements are thus necessary. 

In RAN1 #81, the following was agreed 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. In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits. 

2.1
PUCCH bit mapping and format selection

In the Rel10-12 design, the PUCCH format can depend on whether PCell only is scheduled or SCell is scheduled; however, the format doesn’t depend on how many SCells are scheduled. This solution becomes increasingly inefficient as the number of aggregated DL CCs is increased.  It is inefficient to use a format that supports dozens of HARQ ACK bits when only a few DL SCells were scheduled. 
· Proposal 1: Support dynamic PUCCH format selection based on the number of SCells scheduled. 
The fixed PUCCH format used in Rel10-12 enables a fixed mapping of HARQ ACK bits.  If the PUCCH format depends on the number of SCells scheduled, the mapping of HARQ ACK bits within the PUCCH payload is no longer fixed.  It is important that the UE and the eNB have the same understanding of the HARQ ACK bit mapping. 

· Proposal 2: Use DAI based mechanism to support signaling of HARQ ACK bit mapping within the PUCCH payload. 
2.2
Methods to limit control payload

The following methods can be considered to reduce the control payload in a given PUCCH transmission. 

Carrier grouping:  This technique is similar to dual-connectivity.  The DL CCs could be semi-statically grouped and HARQ feedback would be provided per group.  For each group, a separate PUCCH channel would be allocated.  The different PUCCH channels could be typically on different UL CCs; however, multiple parallel PUCCH on the same UL CC is also possible, at the cost of increased PAPR. As mentioned in [1] and below, relying on carrier grouping and using multiple UL CCs as the only option is not desirable from the UE battery life perspective.  
Similar to Rel-12 where the support of the full control signaling transmitted on UL can be carried on a single UL CC, this needs to be enabled for eCA. Although it is fair to assume that when large number of DL carriers are supported, it is likely that more than one UL CC would be also configured; however, just because more than one UL CC is configured, it is not true that it is efficient to use more than one UL CC for HARQ feedback. As an example to illustrate this point, consider the case of UL data transmission. When the UE is configured with UL CA and the UE needs to send a small amount of PUSCH data (e.g. <100 bits) in a subframe, the eNB would schedule PUSCH only on one CC in that subframe, not on two or more CCs. This is in part because using only one baseband and RF chain is better from the UE power consumption perspective than using multiple chains, whenever the UE has to send small amount of data. The same is true for control signaling. Very often, the DL and UL data bursts don’t occur at the same time for a UE (a fact that was assumed in the eIMTA design, for example).  That means that very often, when the UE has to send back HARQ feedback in a subframe for up to 32 DL CCs, there is little or no UL data scheduled in the same subframe, so the total UL payload is going to be probably <100 bits.  For the same reasons as mentioned above, it would be very inefficient to always use two baseband and RF chains to send back such small amounts of control information, even when more than one UL CC is configured. 

Therefore it would be very inefficient to have UE transmit on more than one UL CC only because the signaling design does not support the control transmission for large number of DL CCs on a single UL CC. This would have an impact to UE power management and battery consumption. 

In RAN1#80, it was discussed whether or not there is a need to have more than 2 PUCCH cells. It is understood that the primary motivation for supporting PUCCH on a SCell is to offload uplink overhead more flexibly. It is noted that such flexibility is already offered by a single PUCCH since the single PUCCH cell, i.e., the primary cell, is UE-specifically configured. Introducing an additional PUCCH cell can bring additional flexibility with the expectation of small standardization impact in Rel-13 due to the existing support of dual-connectivity in Rel-12. In addition, it is always more efficient to transmit UCI for two or more DL CCs using a single uplink channel, compared with using two or more uplink control channels. This is due to the fact that a single uplink channel can enjoy more coding gain, more trunking efficiency, and higher likelihood of maintaining or approximating a single-carrier waveform (hence more link efficiency). Therefore, since PUCCH is only located on licensed cells in Rel-13, there is no need to have more than 2 PUCCH cells.

· Proposal 3: In Rel-13, PUCCH for a UE is only on a single UL CC, or two UL CCs.

ACK bundling:  This technique is similar to that used in TDD.  Bundling could be performed across MIMO codewords, DL CCs, and/or DL subframes. Each of these options have some negative impact on HARQ efficiency, as they result in unnecessary retransmissions.  The more correlated the decoding results are among the bundled processes, the smaller the resulting loss is. 

· Proposal 4: Further evaluation is necessary to determine whether or not to support ACK bundling in eCA, and if so, how.
2.9 Considerations on HARQ ACK CRC

At RAN1#80b, the following were agreed for simulations. 
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In RAN1 #81, the following was further agreed:

· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
For very high data rates, such as with up to 32 CCs, the false ACK probability should be designed considering lost TCP packets since terminal HARQ failure will result in TCP rate control backoff. 
Use the following equation based on [4]: 
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Make the following parameter assumptions

BW = (32 (# of CCs) * 4 (4x4 MIMO) * 105 (max TBS/layer w/ 256QAM) * 103 (1/TTI)) / (1500 (bytes per TCP packet) * 8 (bits per byte) * 8 (# of TCP connections)) = 1.3*105 packets per second
d = 10 ms
SER ≤ (BW * d)-2  = 1300-2 = 6*10-7
In order to calculate N, i.e. the number of CRC bits needed to achieve SER = 6*10-7, consider p(DTX)*p(DTX-to-ACK). The probability of p(DTX) depends on the control channel transmission and the associated channel and interference conditions. The value of p(DTX) should be in the range of 1% and (1%)^32, but it is very difficult to come up with a representative value. It is noted, however, when channel and interference conditions are correlated for control channel transmissions across cells, p(DTX) will be close to 1%. In this case, we have: T= 0.01 * 2-N *1/2 ≤ = 6*10-7, resulting in N = 13 CRC bits.
Note that in the above, we ignore RLC retransmissions because we assume the delay limit would not be met. 

· Proposal 5:  Further study the number of CRC bits for PUCCH, possibly led by RAN2.
3
Conclusions 
Based on the discussion presented in the paper, we propose the following:
· Proposal 1: Support dynamic PUCCH format selection based on the number of SCells scheduled. 
· Proposal 2: Use DAI based mechanism to support signaling of HARQ ACK bit mapping within the PUCCH payload. 
· Proposal 3: In Rel-13, PUCCH for a UE is only on a single UL CC, or two UL CCs.

· Proposal 4: Further evaluation is necessary to determine whether or not to support ACK bundling in eCA, and if so, how
· Proposal 5:  Further study the number of CRC bits for PUCCH, possibly led by RAN2.
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ACK missed detection probability (1 %), NACK-to-ACK error probability (0.1%); DTX-to-ACK probability 1%


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








(BW * d)2  ≤ 1/SER


where


BW = TCP segment rate (packets per second)


d = Nominal RTT


SER = Segment Error Rate
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