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1. Introduction

The following was agreed in RAN1#68bis;
· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS
This contribution provides a common solution on multiplexing of multi-cell HARQ-ACK and one cell periodic CSI on PUCCH format 2 for PUCCH format 1b with channel selection.

2. Discussions
The PUCCH format 1b with channel selection is used for two serving cell aggregation. Even with two cell aggregation, it turned out that the CSI dropping will result in DL throughput loss [1]-[4] where the simultaneous transmission of HARQ-ACK and CSI needs to be supported.
Since Rel-8, the simultaneous transmission of CSI and HARQ-ACK has been supported by PUCCH format 2a/2b for normal CP and by joint-coding of them on PUCCH format 2 for extended CP. Therefore, the maximum number of information bits is supported up to 13. However, for PUCCH format 1b with channel selection, up to 15 information bits need to be transmitted using PUCCH format 2/2a/2b.

Two options are discussed to support the simultaneous transmission of HARQ-ACK and CSI using PUCCH format 2/2a/2b.
Option 1: PUCCH format 2/2a/2b are used after the HARQ-ACK bits are compressed into 2 when simultaneousAckNackAndCQI is true.

The HARQ-ACK compression can be performed as follows.

If the number of information bits is more than 2, further compression is applied to make the information bits as 2.

· For FDD, two bits are generated by spatial domain bundling per serving cell.

· For TDD, two bits are generated to represent the number of ACK counter by bundling for both serving cells and all DL subframes within a bundling window.

The compressed HARQ-ACK bits can be transmitted as follows;
· For normal CP, one or two bit HARQ-ACK is modulated on the second RS symbols in each slot (PUCCH format 2a/2b).

· For extended CP, joint coding of HARQ-ACK and CSI is applied.

Option 2: Joint coding of HARQ-ACK and CSI is applied when simultaneousAckNackAndCQI is true.
· If the total number of information bits for HARQ-ACK and CSI is not more than 13, (20,A) RM coding is used.
· If the total number of information bits for HARQ-ACK and CSI is more than 13, TBCC is used.

Regarding Option 1, for FDD, the DL throughput loss due to spatial domain bundling may be acceptable. However, for TDD, since the bundling operation (ACK counter) is performed in spatial, time, and CC domains the significant DL throughput may not be avoided. In most cases, at least one NACK/DTX would result in all retransmissions when HARQ-ACK and CSI are colliding in the same subframe.
As for Option 2, it can be the common and simple solutions for all scenarios. The original HARQ-ACK bits via PUCCH format 1b with channel selection can be transmitted on PUCCH format 2 without any further bundling operation.
Figure 1 show the required SNR for multiplexing of HARQ-ACK and CSI using PUCCH format 2 when n_HARQ=4. TBCC is applied for more than 13 bits and (20, A) RM coding is applied for other bit ranges. The remaining simulation parameters are shown in Annex A. From the simulation results, it is found that the joint coding approach for HARQ-ACK+CSI is a viable solution by extending the maximum payload size into 15 bits.
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(a) ETU 3km/h                                                                (b) EPA 3km/h
Figure 1 Required SNR for multiplexing of HARQ-ACK and CSI using PUCCH format 2 – 4 HARQ-ACK bits
3. Conclusions

This contribution discusses the method for multiplexing of HARQ-ACK and CSI using PUCCH format 2 when a UE is configured by PUCCH format 1b with channel selection. Two approaches were discussed; (Option 1) HARQ-ACK bits are compressed into 2 bits and PUCCH format 2a/2b or joint coding is applied. (Option 2) Joint coding without HARQ-ACK bit compression is applied. For TDD, since the further HARQ-ACK compression with bundling all domains by ACK counter will result in the significant DL performance loss, Option 1 seems not feasible. On the other hands, Option 2 can cover full range of information bit range up to 15 bits without further bundling operation. Therefore, we propose the following as a common solution for multiplexing of HARQ-ACK and CSI using PUCCH format 2 for a UE configured with PUCCH format 1b with channel selection when simultaneousAckNackAndCQI is true;
Joint coding of HARQ-ACK and CSI is applied when simultaneousAckNackAndCQI is true.

· If the total number of information bits for HARQ-ACK and CSI is not more than 13, (20,A) RM coding is used.

· If the total number of information bits for HARQ-ACK and CSI is more than 13, TBCC is used.
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Annex A. Simulation assumptions
Table 1 Simulation parameters
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU, EPA

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	Receiver type
	Normal detector

	PUCCH format
	PUCCH format 2

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Channel coding
	(20, A) RM for <=13bits, TBCC for >13 bits

	Required SNR
	Such that BLER for CSI is not more than 1% and BER for HARQ-ACK is not more than 0.1%


[image: image3.jpg]



