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1 Introduction

In the previous RAN1 #82bis meeting, UCI transmission on PUSCH for eCA is discussed and the following agreements are reached:

· For a Rel-13 UE, two beta offsets can be configured for HARQ-ACK transmission on a PUSCH 

· One beta offset (i.e. the existing RRC parameter) is applied when up to x HARQ-ACK bits are transmitted on PUSCH in a subframe  

· The other beta offset (i.e. a new RRC parameter) is applied when more than x HARQ-ACK bits are transmitted on PUSCH in a subframe 

· x = 22 if it is decided that there is no CRC for up to 22 HARQ-ACK bits, and x is FFS if it is decided to include a CRC

· Values of the new beta offset parameter FFS. 

A remaining FFS from RAN1 #81 is the channel coding scheme 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, UCI on PUSCH for eCA will be further discussed.
2 Channel Coding and Resource Element Mapping for UCI on PUSCH
Three options of channel coding for up to 22 HARQ-ACK bits can be identified:

· Tailbiting Convolutional Code (TBCC) and 8 bit CRC

· For up to 14 HARQ-ACK bits, RM/dual-RM code and 8 bit CRC; for more than 14 HARQ-ACK bits, TBCC and 8 bit CRC 

· RM/dual-RM code
Since dynamic HARQ-ACK codebook is supported, using channel coding without CRC may not be robust enough, considering potential remaining error cases for the HARQ-ACK codebook size as discussed in [2]. A CRC may also offer better DTX detection for HARQ-ACK on PUSCH and allowing smaller beta offset values. Hence, it is desirable to CRC bits are attached to no more than 22 HARQ-ACK bits when HARQ-ACK codebook size is dynamically determined. A CRC length of 8 is possible for this purpose considering the HARQ-ACK codebook size.
Considering the better coding performance with RM than TBCC for the low payload size, it is possible to use RM/dual-RM for up to 14 HARQ-ACK bits (before the 8 bit CRC is attached). For more than 14 HARQ-ACK bits, TBCC could be used.
Proposal 1: For no more than 22 HARQ-ACK bits when the codebook size is dynamically determined, a CRC length of 8 is attached.

· For up to 14 HARQ-ACK bits, RM/dual-RM code is used.
· For more than 14 HARQ-ACK bits, TBCC is used.
It is discussed in [1] that the maximum number of HARQ-ACK bits for Rel-13 CA using a TDD PCell is 319 and can be supported by the PUCCH format 4 with multiple PRBs per slot. Then HARQ-ACK transmission with 319 bits on PUSCH should also be supported in eCA. 

When simultaneously transmitted on PUSCH, more than one type of UCI is encoded and allocated modulation symbols resources independently in the current specification. For more than 5 carrier aggregation, one concern to reuse the current design principle of channel coding and resource element mapping for UCI on PUSCH is that 4 OFDM symbols resource may be not enough to accommodate the large payload size of HARQ-ACK. Therefore, there are multiple solutions to address this possible issue such as HARQ-ACK bundling, extending the maximum number of SC-FDMA symbols, allocating special RB(s) for HARQ-ACK transmission, allowing UCI piggyback over multiple PUSCHs, and etc.

The performance of HARQ-ACK transmission with payload size of 128 bits and 319 bits is evaluated as shown in Figure 1. The simulation assumptions could be found in the appendix. In the simulation, all the resources elements in 4 OFDM symbols of PUSCH are assumed used by HARQ-ACK.
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Figure. 1 Performance of HARQ-ACK transmission on PUSCH
It is observed that the target ACK missed probability of 1% for 128 bits HARQ-ACK transmission on 3 RB PUSCH could be satisfied with corresponding required SNR approximately equals to 5.3 dB. For 319 bit HARQ-ACK transmission, the target ACK missed probability could be satisfied by PUSCH with 6 RB with corresponding required SNRapproximately equals to 6.3 dB.
Considering that the large payload size of HARQ-ACK corresponds to large number of DL carriers, for most of the cases in this scenario, the UL traffic load would be at the level that the allocated RBs for the PUSCH are enough to transmit the large payload size of HARQ-ACK on maximal 4 OFDM symbols. Moreover, the maximal HARQ-ACK payloads correspond to the cases of TDD system, where the typical commercial deployment uses 8 RX antennas. With the multiple antennas receive gain, smaller[image: image2.wmf]ACK
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 is needed and the increased required resources for the HARQ-ACK could be further under control and no further enchantments are needed. As a result, HARQ-ACK transmission on PUSCH could be operated with the current mechanism. 

Proposal 2: The resource element mapping for HARQ-ACK transmission on PUSCH is the same as in the current specification.
3 Values of the New Beta Offset for HARQ-ACK Transmission on PUSCH
It is agreed that another set of beta offset parameters  
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 are introduced when more than x HARQ-ACK bits are transmitted on PUSCH in a subframe while the existing beta offset parameters are used for up to x HARQ-ACK bits. The value of the new beta offset is not yet decided. 
Since 8-bit CRC should be attached for no more than 22 bits HARQ-ACK transmission on PUSCH as discussed above, the new large value of beta offset should aim to decrease the data performance degradation on PUSCH caused by the HARQ-ACK modulation symbols puncturing the data symbols. Moreover, the new value of beta offset should make the HARQ-ACK performance satisfied. Currently, 16 values could be configured for HARQ-ACK beta offset which includes {1.0, 2.0 2.5, 3.125, 4.0, 5.0, 6.25, 8.0, 10.0, 12.625, 15.875, 20.0, 31.0, 50.0, 80.0, 126.0}. It is observed that 14 values are in the range of 1~50 and distributions everywhere in the range. Therefore, it should be enough to use the current defined set of value to determine the new HARQ-ACK beta offset for large size of HARQ-ACK bits (more than x bits).
Proposal 3: The existing set of beta offset values is used for the new beta offset value.
4 Conclusions
In this contribution, UCI on PUSCH for eCA will be further is discussed and the following proposals are reached:
Proposal 1: For no more than 22 HARQ-ACK bits when the codebook size is dynamically determined, a CRC length of 8 is attached.

· For up to 14 HARQ-ACK bits, RM/dual-RM code is used.
· For more than 14 HARQ-ACK bits, TBCC is used.
Proposal 2: The resource element mapping for HARQ-ACK transmission on PUSCH is the same as in the current specification.
Proposal 3: The existing set of beta offset values is used for the new beta offset value.
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Appendix
Table A1. Simulation assumption

	Parameter
	Setting

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	Channel model
	EPA, 3 km/h

	Antenna setup
	1Tx2Rx, antenna correlation = 0.5; 

	Channel coding
	TBCC

	Modulation
	QPSK

	Channel estimation
	LS

	Number of PRBs in one slot
	3 RB for 128bits HARQ-ACK

6 RB for 319bits HARQ-ACK

	CRC length
	8

	Performance metric
	With CRC: in case CRC check fail, all bits as “NACK”
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