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[bookmark: _Ref298777854]Introduction
UL control channel enhancements for Rel-13 carrier aggregation enhancement to support up to 32 DL CCs have been discussed and it was agreed at RAN1 #81 meeting that:
· 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
In this contribution, we discuss the CRC for HARQ-ACK transmission on PUCCH and PUSCH. 
Discussion
For Rel-13 CA enhancement, it has been shown in [1][2] that appending CRC on HARQ-ACK bits can improve the link performance of HARQ-ACK on PUCCH and PUSCH. With the increase of HARQ-ACK bits due to aggregation of more DL carriers in Rel-13, the overhead introduced by CRC can be insignificant. In addition, adding CRC can potentially facilitate the DTX detection of HARQ-ACK at eNB. Therefore, it was agreed to introduce CRC for a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe. 
Regarding the number of CRC bits, there were some discussions in RAN1#81 meeting. Herein, we provide the analysis on the need of number of CRC bits for HARQ-ACK transmission.
It has been have been agreed that below criteria should be applied for the new PUCCH format design:
· ACK missed detection probability 1%
· NACK-to-ACK probability 0.1%
· DTX-to-ACK probability 1%
And in case of CRC check fail, eNB considers all bits as “NACK”. Therefore, it is expected that NACK-to-ACK error probability can easily achieve 0.1% requirement. For the DTX-to-ACK probability, it depends on the number of CRC bits and the calculation is done as below: 

Therefore, the minimum number of CRC bits is 6 to fulfil the requirement on DTX-to-ACK probability of 1%. In order to minimize the standardization and implementation efforts, 8-bit CRC specified in TS 36.211 can be reused.
One other consideration on CRC is the false alarm, i.e., NACK-to-ACK error. As discussed in [3], the main reason is that the lost TCP packets due to terminal HARQ failure can result in TCP rate control backoff, which could be more pronounced for very high data rates, such as with up to 32 DL carriers.
When studying the impact of false alarm, it is important to consider the RLC retransmission protocol. Specifically, when the eNB gets a false alarm, it will transmit new data and hence UE will find out that earlier data is missed when the new data arrives from the eNB. Therefore, the UE can request RLC retransmission with 24-bit CRC protection for the transport block. 
Below we provide simulation on the TCP throughput for different packet loss rate. With 32 CC and 4x4 256QAM, the PHY data rate is up to 12.8 Gbps. It’s a general practice in IP to run multiple parallel TCP processes to increase total throughput. Therefore, it is assumed in the simulation that 8 parallel TCP processes are running. The network round-trip-time (RTT) is assumed to be 10 ms. The throughput of each TCP process for downloading a 1GB file versus different RLC loss rate is provided in Figure 1.  
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[bookmark: _Ref424557571]Figure 1 Throughput of each TCP for downloading a 1GB file versus RLC loss rate
With RLC retransmission, 24-bit CRC is appended for the transport block which results in the RLC loss rate of 5.96e-08. Therefore, it can be seen from Figure 1 that 24-bit transport block CRC works fine and the total throughput across all 8 TCP processes is 1.32*8=10.56 Gbps.
Based on discussion above, 8-bit CRC can be applied for both PUCCH and PUSCH with sufficient performance.
Proposal:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 8-bit CRC is included.

For a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe, it is under discussion whether CRC should be included. 
For HARQ-ACK/SR on PUCCH, the question is related to PUCCH format selection and fallback operation. Currently, PUCCH format 3 can support up to 22-bit payload and no CRC is added due to the overhead and limited resources. If it is agreed that legacy PUCCH format 3 is always used when the number of HARQ-ACK/SR bits is less than 23 bits, CRC should be excluded. However, if it is agreed that new PUCCH format can be used to piggyback less than 23-bit HARQ-ACK/SR, it could be beneficial to append CRC to improve the performance and facilitate the DTX detection at eNB.
For HARQ-ACK on PUSCH, adding 8-bit CRC for less than 23-bit HARQ-ACK seems to be a big overhead and may result in large puncturing on PUSCH which may degrade the performance of PUSCH data transmission. However, on the other hand, adding CRC can facilitate the DTX detection at eNB and thus a smaller beta offset can be used which can decrease the puncturing on PUSCH. Therefore, it should be carefully studied. 
Conclusion
In this contribution we discussed CRC for HARQ-ACK transmission for Rel-13 CA enhancements. The above discussion is summarized with the following proposals:
Proposals:
· [bookmark: _GoBack]For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 8-bit CRC is included.
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