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1. Introduction
Between RAN1#51 and RAN1#51bis, an e-mail discussion on downlink control signaling took place. The topics discussed included
· Additional PUCCH structure for CQI
· Multiplexing of ACK/NAK and CQI on PUCCH
· Multiplexing of SR with CQI and/or ACK/NAK on PUCCH
Below, a summary of the discussions is provided and a way forward is proposed based on the discussions. 

2. Additional PUCCH structure
At RAN1#51, an alternative PUCCH structure for CQI reports were proposed in R1-074812 and the conclusion according to the chairman’s minutes was to continue the discussion on the e-mail reflector. From the kick-off e-mail:

In essence, this paper proposes to include a PUCCH format improving the link performance by using a lower code rate at the expense of a reduced multiple-access capacity. This format is proposed as an addition to the current PUCCH format. 
Two companies (who were already sourcing R1-074812) supported the introduction of an additional PUCCH format for CQI. One company questioned whether gains in the order of 0.5-0.7 dB for 10-bit CQI reports are relevant as the reports transmitted by coverage-limited UEs typically are smaller than 10 bits, thus making the PUCCH link gain negligible. A general comment that we should not unnecessarily introduce additional formats was also made.

No consensus on introducing an additional PUCCH format for CQI reports was reached.
3. Multiplexing of ACK/NAK and CQI on PUCCH
From the kick-off email:

At RAN1#51 in Jeju, simultaneous transmission from a UE of ACK/NAK and CQI were discussed. It was agreed to support this in the specifications and it was also agreed that the eNodeB can configure the UE to drop the CQI in such cases (i.e., to send the ACK/NAK only). The exact multiplexing scheme were heavily debated with the compromise being (from chairman's notes)

· for normal CP: A/N signaled using RS 

· for extended CP: joint coding 

· high-speed performance and DTX detection to be provided until the next meeting. 

1. The "A/N signaled using RS" were interpreted differently after the meeting with (at least) two different interpretations

· Multiplying the second RS in the slot by the ACK/NAK symbol 

· Selecting the cyclic shift of the CAZAC sequence as a function of the ACK/NAK 

2. Some companies expressed concerns on the high-speed performance withthe "A/N signaled using RS" method. What are the views on the high-speed performance with the different methods above?

3. Having two different principles, one for normal CP and one for extended CP, is not the most elegant design choice. Is there a possibility to agree on one principle, equally applicable to both CP lengths, to simplify the specification and implementation work?

Not surprisingly, views from RAN1#50 were restated and summarized in the table below. In general, companies preferring to encode the ACK/NAK into the RS or CAZAC shift did not see a problem with the high-speed performance while companies not in favor of this method expressed concerns. 

Nokia and Texas Instruments provided simulations results supporting their respective schemes. Qualcomm pointed to R1-080479 showing fundamental problems with RS-modulation at high Doppler.
No agreement was reached on how to implement the “A/N signaled using RS” decision from RAN1#51 was reached.

	Company
	Preference

	Alcatel-Lucent
	Selecting the cyclic shift of the CAZAC sequence as a function of the ACK/NAK

	DoCoMo
	Drop CQI

	Ericsson
	Joint coding

	Huawei
	Drop CQI in case of ACK, drop NAK otherwise

	LG Electronics
	Drop CQI

	Motorola
	Multiplying the second RS in the slot by the ACK/NAK symbol 

	NEC
	Drop CQI, joint coding if multiplexing is supported

	Nokia, NSN
	Selecting the cyclic shift of the CAZAC sequence as a function of the ACK/NAK

	Panasonic
	Drop CQI

	Qualcomm
	Joint coding

	Samsung
	Both RS should depend on ACK/NAK

	Sharp
	Joint coding (using embed coding)

	Texas Instrument
	Multiplying the second RS in the slot by the ACK/NAK symbol


4. Multiplexing of SR with CQI and/or ACK/NAK on PUCCH
Limited discussions on how to multiplex scheduling request with ACK/NAK and/or CQI took place.  The views are summarized below.

	Company
	CQI
	ACK/NAK

	DoCoMo
	Drop CQI when SR is transmitted
	May need to support SR+ACK/NAK

	Ericsson
	Drop CQI when SR is transmitted 
	ACK/NAK resource used depends on SR

	Huawei
	Drop CQI when SR is transmitted 
	ACK/NAK resource used depends on SR (but need to evaluate DTX(ACK error case)

	LG Electronics
	Drop CQI when SR is transmitted 
	Drop SR (first preference) or

ACK/NAK resource used depends on SR

	Nokia, NSN
	Drop CQI when SR is transmitted 
	ACK/NAK resource used depends on SR

	Samsung
	Drop CQI when SR is transmitted 
	

	Texas Instrument
	Drop CQI when SR is transmitted 
	Support SR+ACK/NAK



