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1 Introduction
In RAN1#67, several enhancements on uplink signaling transmission had been proposed. One of the issues is whether to support simultaneous transmission of ACK/NAK and periodic CSI. According to the evaluations in [1], the DL throughput loss caused by dropping periodic CSI when periodic CSI collides with ACK/NAK in a same subframe without PUSCH is not negligible. Therefore, for non-power-limited UEs, it is beneficial to support simultaneous transmission of ACK/NAK and periodic CSI. In this contribution, we show some initial considerations for simultaneous transmission of ACK/NAK and periodic CSI.
2 Discussion
For the design of simultaneous transmission of ACK/NAK and periodic CSI, the focus is to use one PUCCH to transmit ACK/NAK and CSI together. In Rel-10, a new PUCCH format 3, supporting up to 48 coded bits, is defined for ACK/NAK transmission, especially for ACK/NAK of large payload size. To support simultaneous transmission of ACK/NAK and periodic CSI, more feedback bits need to be transmitted. Therefore, PUCCH format 3 or new PUCCH formats of even larger payload sizes are preferred. In this contribution, we mainly analyze the coding scheme and the PUCCH resource used for simultaneous transmission of ACK/NAK and periodic CSI using PUCCH formats supporting large payloads.
2.1 Coding scheme
For simultaneous transmission of ACK/NAK and periodic CSI on large payload PUCCH format (i.e. PUCCH format 3), the following two coding schemes can be considered:
· Alt.1: Joint coding. 

This is a simple option since the existing coding scheme and PUCCH format can be reused, except that the ACK/NAK bits need to be concatenated with CSI bits. The total ACK/NAK and periodic CSI payload bits shall not exceed 21 if existing PUCCH format 3 is reused.
· Alt.2: Separate coding

For separate coding, ACK/NAK and periodic CSI are encoded separately. This can be realized according to a slightly modified version of the PUCCH format 3 dual-RM coding scheme [2]. Since the ACK/NAK and periodic CSI have different performance requirements, separate coding can be more reliable than joint coding by controlling the coding rates for ACK/NACK and periodic CSI separately. This however requires further evaluation on the number of resource elements allocated to ACK/NAK and the number of resource elements allocated to periodic CSI. A proper resource element partition between ACK/NACK and periodic CSI shall be decided for different payload sizes of ACK/NACK and periodic CSI. 
Another aspect of separate coding of ACK/NACK and periodic CSI is on the mapping of coded ACK/NACK and periodic CSI QPSK symbols to resource elements. The mapping scheme assumed in this contribution is shown in Figure 1, where both the ACK/NACK and periodic CSI symbols are mapped to both slots of a subframe in order to obtain the frequency diversity. 
Table 1 shows the link level evaluations for the two coding schemes with PUCCH Format 3 for simultaneous transmission of ACK/NACK and periodic CSI, with the simulation assumptions listed in Appendix. For separate coding, the number of coded bits for ACK/NACK and periodic CSI is optimized to provide the minimum required SNR to meet the performance requirements of ACK/NACK and periodic CSI. It is observed that for some combinations of ACK/NACK and periodic CSI payload, separate coding can provide close to 1 dB gain over joint coding. However, we expect that searching for the optimal resource element partitioning between ACK/NACK and periodic CSI for all combinations of payload sizes can be very timing consuming, and requires much more specification changes than joint coding.
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Figure 1: ACK/NAK and periodic CSI mapping to REs, separate coding
Table 1: Required SINR (dB) for different coding schemes
	Number of A/N+CSI bits
	JC
	SC
	Encoded A/N

bits for SC
	Encoded CSI

Bits for SC

	2 A/N + 4 CSI
	-4.92*(-7.09**)
	-5.42*(-5.52**)
	26
	22

	4 A/N + 5 CSI
	-3.32*(-5.48**)
	-4.14**(-4.18*)
	30
	18

	6 A/N + 10 CSI
	-1.4*(-2.73**)
	-2.31**(-2.63*)
	24
	24


Note 1: * required SINR determined by ACK BER ≤ 10-3
Note 2: ** required SINR determined by CQI BLER ≤ 10-2
2.2 PUCCH resource

In Rel-8, CSI PUCCH resource is used to transmit periodic CSI multiplexed with ACK/NAK, since the CSI PUCCH formats have larger payload than the PUCCH formats for ACK/NAK. In Rel-11, since large payload PUCCH format is also used for ACK/NAK, both the PUCCH resource for ACK/NAK and the PUCCH resource for CSI can be considered to support simultaneous transmission of ACK/NAK and periodic CSI.
Option 1: CSI PUCCH resource

CSI PUCCH resource is semi-statically configured. In the periodic CSI reporting subframe, if the configured UE does not use the CSI PUCCH resource, other UEs cannot use the resource either. Therefore, using CSI PUCCH resource to transmit periodic CSI multiplexed with ACK/NAK is a straightforward option. The problem for this option is that additional work is required to avoid the ambiguity cased by DL grant missing. In particular, the CSI feedback information cannot change with the existence of ACK/NAK. This is to ensure that with or without ACK/NAK multiplexed with CSI, the amount of CSI feedback information remains the same. Hence, CSI bits will not be mistaken as ACK/NAK bits in case DL grant is missed. 
· For joint coding, the coding scheme changes with the existence of ACK/NAK. 
For PUCCH format 3, two coding schemes are possible. If the number of feedback bits is no more than 11, RM coding is used; otherwise dual RM coding is used. The existence of ACK/NAK bits with periodic CSI changes the number of feedback bits, and may lead to different coding schemes. One example is shown in Figure 2, where the number of CSI bits is 10, and the number of ACK/NAK bits expected by the eNB is 2. In case UE misses the DL grant, only 10 CSI bits are transmitted using RM coding, while the eNB expects 12 feedback bits with dual RM coding. This leads to ambiguity between the eNB and UE regarding the actual used coding scheme.
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Figure 2: The ambiguity about coding scheme
One possible method to resolve this ambiguity is to always assume a fixed number of ACK/NAK bits transmitted with periodic CSI. It is also likely that ACK/NAK bundling is required in order to make sure that the total number of ACK/NAK and periodic CSI bits does not exceed the maximum supported payload of the PUCCH format. This however may require dual RM coding for transmission of periodic CSI only even when the periodic CSI payload is less than 11, in order to avoid the ambiguity between UE and eNB on the PUCCH coding scheme. The required operating SINR derived from the link-level simulation for CSI only reporting with different coding schemes is provided in Table 2, with simulation assumptions listed in Appendix. It is observed that dual RM coding provide worse performance than single RM coding.
Table 2: Required SINR [dB] for CSI with different coding schemes
	Number of CSI bits
	RM
	Dual RM

	4 CSI bits
	-7.79
	-6.9

	11CSI bits
	-4.8
	-4.23


· For separate coding, the number and bit positions of the CSI coded bits change with the existence of ACK/NAK. Furthermore, false ACK/NAK detection occurs when DL grant is missed. 

When DL grants are missed by the UE, both ACK/NAK and CSI cannot be correctly received by the eNB. UE may use all REs in CSI PUCCH to transmit periodic CSI only. On the other hand, the eNB expects ACK/NAK bits as well, leading to incorrectly decoded CSI and ACK/NAK bits. The ambiguity cannot be resolved unless parts of the REs in the CSI PUCCH are always reserved for ACK/NAK transmission, which leads to inefficient utilization of resource elements and degraded performance of periodic CSI only transmission.
Option 2: ACK/NAK PUCCH resource

If large payload PUCCH format (i.e. PUCCH format 3) is configured for ACK/NAK transmission, the ACK/NACK PUCCH resource can also be used to support simultaneous transmission of ACK/NAK and periodic CSI. The main advantage of this scheme is that no ambiguity is caused by DL grant missing. If UE does not receive any DL grant, then CSI reporting is transmitted on the CSI PUCCH resource. Once eNB detects PUCCH transmission on the ACK/NAK resource, then both ACK/NAK and CSI are transmitted.
Without ambiguity, both joint coding and separate coding can be used for ACK/NAK and periodic CSI, if the ACK/NAK PUCCH resource is used for transmission of ACK/NAK and periodic CSI. In particular, for separate coding, it is not necessary to always reserve resource elements for ACK/NAK transmission, since the eNB knows that ACK/NAK is present if the ACK/NAK PUCCH resource is used for transmission. Another advantage of using the ACK/NAK PUCCH resource is that it is possible to compress the periodic CSI information bits instead of compressing the ACK/NAK bits as in Rel-8 when ACK/NAK and periodic CSI are transmitted together. Since both periodic CSI and ACK/NAK impact the DL throughput, the tradeoff between ACK/NAK and CSI compression shall be further studied. 

One disadvantage for this option is that when PUCCH format 1a/1b resource is used for ACK/NAK transmission, simultaneous transmission of ACK/NAK and periodic CSI cannot be supported using the ACK/NAK resource. However, this is not the key use case to be optimized since the focus is for UEs configured with carrier aggregation and for UEs not power limited in the uplink.
3 Conclusions
In this contribution, we discuss possible schemes for simultaneous transmission of ACK/NAK and periodic CSI. The following aspects need to be considered in further studies.

· Whether to apply joint coding or separate coding for ACK/NAK and periodic CSI in case of simultaneous transmission?
· Whether to use the periodic CSI PUCCH resource or the ACK/NAK PUCCH resource to transmit periodic CSI and ACK/NAK together?

· Whether to compress ACK/NAK or periodic CSI in case of simultaneous transmission?
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5 Appendix

	Parameter
	Assumption

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Channel model
	EPA3

	Frequency-hopping
	At slot boundary

	Antenna setup
	1Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180 kHz

	Noise estimation
	Ideal
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